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[BS] A105.4 Structural Observation, Testing and Inspection

Structural observation, in accordance with Section 1704.6 of the International Building Code, shall
be required for all structures in which seismic retrofit is being performed in accordance with this
chapter. Structural observation shall include visual observation of work for compliance with the
approved construction documents and confirmation of existing conditions assumed during design.
Structural testing and inspection for new and existing construction materials shall be in accordance
with the building code, except as modified by this chapter.

Special inspection as described in Section A105.3, Item 10, shall be provided equivalent to Level 3
as prescribed in TMS 402, Table 3.1(2).

JTM Construction, Inc.
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NOTE:
FLOATING DIMENSION,
NOT L, AT UPPER

END OF BRACE
7/\\/7

OVERALL PROCEDURE:
(O CIRCLED NOTES ARE KEYED ON DETAIL.

(A) LAYOUT BOTTOM BRACE CONNECTION
ON GUSSET. (SEE DETAIL 2/-)

ESTABLISH UPPER-MOST BOLT-HOLE,
LOCATED AT DISTANCE L, FROM
LOWER-MOST BOLT-HOLE.

(© LAYOUT UPPER BOLT-HOLE PATTERN

SIMILAR TO LOWER BOLT-HOLE PATTERN.
(SEE DETAIL 2/-)

D SEE DETAIL 4/- WHERE CONCRETE
BLOCKOUT WILL BE REQUIRED.

NOTE:
FOR MINIMUM BOLT TENSIONING
PROCEDURE SEE DETAIL 3/-.

BOLTED GUSSET OVERALL LAYOUT PROCEDURE

SCALE: NTS

5

PROPRIETARY
INTERFACE
MATERIAL (PIM)

SECTION A-A

CASING
% SEAL WELD ONLY / STEEL CORE A

EDGE OF — ™ e g
ousseTpL s e
\CAF O " T XK
< SYM: ABT — N,
Lo
Lbh

TYPICAL CORE AND CASING CONFIGURATION@
SCALE: NTS

Special Inspections are required for High Strength
bolts per Chapter 17 of the 2021 Washington State
Building Code. The final special inspection report
must be on site during City inspections.

GENERAL NOTES:

G1. SEE PROJECT DRAWINGS FOR ADDITIONAL INFORMATION

G2. DIMENSIONS AND WP LOCATIONS FROM PROJECT DRAWINGS GOVERN.
CONTACT COREBRACE PRIOR TO DETAILING IF ANY DISCREPANCIES ARE NOTED.

3. CORE PL A36 SPECIAL (FY RANGE PROVIDED ON COREBRACE SCHEDULE)

G4. CASING A500 GR B FOR HSS AND A53 GR B FOR PIPE

65.BRB LUG PLATE (TRANSVERSE STIFFENER) A572 GR 50

c6. GUSSET PL, GUSSET STIFFENER AND REPAD PL A572 GR 50 U.N.O.

G7.ALL STIFFENERS AND DOUBLER PL TO MATCH BEAM AND COLUMN GRADE.

G8. USE ASTM F3125 GR A490-SC/F2280-TC OR ASTM F3148 TNA BOLTS.
BOLT HOLES IN GUSSET ARE OVERSIZED. BOLT HOLES IN BRB ARE STANDARD.

G9. CLASS A (TOOL CLEAN) ALL FAYING SURFACES.

G10.GALVANIZED FAYING SURFACES TO BE HAND WIRE BRUSHED PRIOR TO
ERECTION OF BRB.

G11.THE GAP BETWEEN THE BOLTED CONNECTION PLATES AT THE END OF THE BRB
SHALL NOT BE INCREASED EXCEPT IN INSTANCES WHERE SPECIFIC APPROVAL
AND METHODOLOGY HAVE BEEN PROVIDED BY COREBRACE.

CONNECTION NOTES:
(O CIRCLED NOTES ARE KEYED ON CONNECTION DETAILS.

(1) SEE STRUCTURAL DRAWINGS FOR BEAM/BASE PLATE CONNECTION, TYP.

2 SEE CONNECTION SCHEDULE FOR CONNECTION DIMENSIONS.

3 SEE COREBRACE SCHEDULE FOR BRB GEOMETRY DIMENSIONS.

(4) MAIN STIFF PL EA SIDE AS REQ'D BY STRUCTURAL DRAWINGS OR AS
INDICATED ON CONNECTION SCHEDULE. SEE DETAIL 11.

(5) FIELD INSTALL STIFF PL AS NECESSARY FOR INSTALLATION OF BRACE.

(6) WELD BOTH SIDES. WHERE GUSSET PL IS LONGER THAN REQ'D WELD LENGTH,
PROVIDE WELD ALONG ENTIRE LENGTH TO WITHIN %;" OF EDGE OF PL.

() TOP AND BOTTOM FLANGE LATERAL BRACING AS REQUIRED BY
STRUCTURAL DRAWINGS.

CONTINUITY PLATE WHERE REQ'D BY STRUCTURAL DRAWINGS. AT WEAK-AXIS
COLUMN, ALWAYS PROVIDE CONTINUITY PLATE T&B AND N&FS.

9 THROUGH 14 NOT USED

19 SLOT GUSSET THROUGH COLUMN. INDICATED WELD SIZE REQUIRED ON
BOTH SIDES OF COLUMN AND BOTH SIDES OF GUSSET (4 TOTAL WELDS).

16 NOT USED

7 IF EFFECTIVE WELD LENGTH IS LESS THAN 4*W,, WELD SHALL STILL BE APPLIED IN
THIS REGION. HOWEVER, LENGTH BETWEEN RATHOLE & COLUMN WEB SHALL NOT
BE COUNTED TOWARD REQUIRED WELD LENGTH (L,,).

BRB ENGINEERING DESIGN RESPONSIBILITY IS LIMITED TO THE FOLLOWING:

e COMPLETE BRB DESIGN BASED ON Asc PROVIDED IN STRUCTURAL DRAWINGS.
e DESIGN GUSSET PLATE AND CONNECTION OF BRB TO GUSSET PLATE.

e DESIGN CONNECTION OF GUSSET TO FRAME COLUMNS & BEAMS/BASE PLATES.

"/ CoOREBRACE™

 l SUPERIOR SEISMIC PERFORMANCE

5789 W. Wells Park Rd.
West Jordan, Utah 84081
(801) 280-0701
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GUSSET LAYOUT PROCEDURE:

Lus, MIN |

AT DOUBLE ROW OF BOLTS

(SHOWN AT STRONG AXIS COLUMN)

(A) ESTABLISH LOCATION OF 1% BOLT LINE ALONG WORK LINE.
NOTE: Lwp-h ONLY APPLIES AT BOTTOM END OF BRACE.

ESTABLISH INNER AND OUTER (WHERE APPLICABLE)
BOLT ROW OFFSETS WITH g AND go.

(©) LAY OUT BOLT HOLE PATTERN USING HOLE SIZE (d,,). .
SPACING (s), AND EDGE DISTANCE (e) AS SHOWN. N

(D) W, + 2 x MIN RETURN, GUSSET EDGE WIDTH
PERPENDICULAR TO WORK LINE.

(E) RETURN TO BEAM AND/OR COLUMN AND VERIFY MIN WELD
LENGTH (INCLUDING DEDUCTIONS FOR CLIP AND WELD
START/STOP) IS MAINTAINED.

BOLTED GUSSET LAYOUT PROCEDURE

~

WORK LINE
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Lwe, MIN
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SEE DETAIL 20
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TYPICAL CORE PLATE DETAIL

ELEVATION VIEW
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A SEE DETAILS 1, 2, AND 3 FOR BRB & GUSSET LAYOUT PROCEDURE.

SHOWN AT STRONG AXIS COLUMN

TYPICAL CONNECTION AT BRACE BOTTOM 1 4
SCALE: NTS

SHOWN WITH DOUBLE BOLT ROW (SIM AT SINGLE BOLT ROW)

%
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A SEE DETAILS 1, 2, AND 3 FOR BRB & GUSSET LAYOUT PROCEDURE.

TYPICAL CONNECTION AT BRACE BOTTOM

SEE(®)

(SHOWN AT HSS COLUMN W/ GUSSET SLOTTED THROUGH COLUMN)
SHOWN WITH DOUBLE BOLT ROW (SIM AT SINGLE BOLT ROW)

SCALE: NTS

19

SCALE: NTS

@ LUG, TYP
d4_)@ GUS, TYP

W

BOLT TENSIONING PROCEDURE

Bolts shall be torqued to achieve the appropriate bolt tension as set forth in the erector's
approved procedures. As a minimum, the following items shall be adhered to:

A. Starting with the most rigid part of the connection (Row 'i') and continuing to the least

rigid part of the connection (Row 'v'), bring all bolts to snug-tight condition.
. Recheck snug-tight condition of bolts in rows 'i' and 'ii", re-tighten as necessary.
. Torque bolts in Row 'i' to appropriate level of tension using approved procedure.

. Re-check snug tight condition of bolt in row 'iii".

mTmoOO®

and all bolts are at appropriate level of torque.
G. Repeat similar procedure at top end of brace.

GENERAL NOTES:

ALL BOLTED BRACE CONNECTIONS SHALL BE INSTALLED IN ACCORDANCE WITH THE ERECTOR'S APPROVED
QUALITY ASSURANCE PLAN. AS A MINIMUM, THE FOLLOWING MUST BE MET:

. Torque bolts in Row 'ii' to appropriate level using approved procedure.
. Continue alternating check of snug tight condition of next-to-nearest row and torquing
nearest row of untorged bolts as set forth in steps D & E until end of brace is reached

« Tighten all slip-critical bolts and bolts installed in oversized holes by a method approved
by the engineer of record. Provide hardened washers under all turned elements.

o Where ASTM F3125 Gr A490-SC/F2280-TC or stronger bolts are specified in the drawings, provide hardened washer
between nut & gusset. Where required by AISC Specifications, provide washer between bolt head & gusset.

« Bolts must be long enough for the threads to be flush with the outside face of the nut after
tightening. Thread stickout shall not exceed that allowed by structural drawings.

« Do not reuse bolts, nuts, or washers.

EDGE OF GUSSET

|
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=
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|

LOW-DENSITY EXPANDED POLYSTYRENE IS TO BE 1" CLEAR ON
ALL SIDES OF THE CASING FOR THE PORTION OF THE CASING
THAT EXTENDS DOWN INTO THE SLAB AT STROKE "c" (3" MIN).

PLAN VIEW

6)

MINIMUM BOLT TENSIONING PROCEDURE

. (STROKE DIM.) AT END CLEARANCE
ﬁ BETWEEN CASING AND CONCRETE, TYP.

PRCTI20250117 - Rev#1
Buckling Restrained Braces
& Connections submittal

"c" AND 3" AT END CLEARANCE BETWEEN
CASING AND CONCRETE, TYP.

PROVIDE LOW-DENSITY
EXPANDED POLYSTYRENE
(BEAD BOARD) 1" THICK AT
SIDES AND THE LARGER OF "c"
AND 3" THICK AT END WHERE
BURIED IN CONC, TYP

INDICATED CLEARANCES REPRESENT BLOCKOUT CONDITIONS REQUIRED FOR FINAL
INSTALLED STATE OF BRB. LARGER BLOCKOUTS MAY BE REQUIRED FOR INSTALLATION.,|
LOW-DENSITY EXPANDED POLYSTYRENE PROVIDED BY OTHERS.

BRB CASING BURIED IN CONCRETE - TYPICAL DETAIL

SCALE: NTS
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TYPICAL END CONNECTION DETAIL

ELEVATION VIEW
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SCALE: NTS@

CASING CAP, EACH END
LUG PLATE
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EDGE OF
GUSSET PL

TYPICAL END CONNECTION DETAIL

ELEVATION VIEW
SINGLE BOLT ROW

3 SIDES TOP AND BOTTOM, TYP

GUSSET TO STIFF, TYP 7

ZB

\

SCALE: NTS@

NOTE: BOLT HOLES IN CONNECTION LUGS ARE STANDARD HOLES.

—— GUSSET SUPPORT PL /5" MIN

COL

—§—<Wc ™ SEE(®)

| — SEE{7)

| W.P.@CNTROF COL &

1/2 ACTUAL BM DEPTH

L

ab

TYP

APPROX

A SEE DETAILS 1, 2, AND 3 FOR BRB & GUSSET LAYOUT PROCEDURE.

TYPICAL CONNECTION AT BRACE BOTTOM

SHOWN AT WEAK AXIS COLUMN

SHOWN WITH SINGLE BOLT ROW (SIM AT DOUBLE BOLT ROW)

REINFORCING FACE PL. PER
STRUCTURAL DRAWINGS

HSS COL\

PERPENDICULAR BRB ~
GUSSET PL. SLOTTED\

THROUGH COLUMN, SEE
DETAIL 19

BASE PL. PER
STRUCTURAL DRAWINGS\

W.P.@ CNTROF COL & 1
1/2 ACTUAL BM DEPTH

(E) COL

APPROX

A SEE DETAILS 1, 2, AND 3 FOR BRB & GUSSET LAYOUT PROCEDURE.

TYPICAL CONNECTION AT BRACE BOTTOM

(SHOWN AT HSS COLUMN W/ REINFORCING FACE PLATE)

SHOWN WITH DOUBLE BOLT ROW (SIM AT SINGLE BOLT ROW)

FOR tg<2", %" MIN FOR 22" TYP

SCALE: NTS @

N
Wl Lo SEE(®
\ A
i S AN
1 />\ \/\A\
‘ // e /\A\‘/ >
/ [e)
/ ) g X
/ / S/ g
! % o
> el M N
\V 7 :
e TRZE TYP, SEE(®
/' S~
o i [x‘,/‘\\BEAM
e —®TYP \v\®@
L

SCALE: NTS @

/ LUG PLATE

/ CASING STEEL CORE

t+1/16"
(SEE CB SCHED)
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NOTE: BOLT HOLES IN CONNECTION LUGS ARE STANDARD HOLES.
TYPICAL END CONNECTION DETAIL@
SCALE: NTS
PLAN VIEW
STIFF PLATES AT BEAM
OR COLUMN
TYP, 3 SIDES, SEE
NOTES FOR SIZE
STIFFENER PLATE,
SEE®
NOTES:

@ FOR STIFFENER THICKNESS REQUIREMENTS, SEE CONNECTION SCHEDULE
USE %" FILLET WELD FOR THICKNESSES < 1.25", 74" FILLET WELD FOR THICKNESSES < 2.0", UNO
FOR STIFF PLATES > 2" CONTACT COREBRACE FOR FILLET WELD SIZE.

STIFF PL TO MEMBER

SCALE: NTS@

GROOVE

WELD PER

. AWS D1.8
N CLAUSE 4.3

N
SEE
coL W e
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WHERE OCCURS M-+ + 4

SEE CONNECTION SCHED.
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~——BASE PLATE

W.P. @ TOP OF
BASE PLATE

APPROX

C.J.P DOUBLER
TO BASE PLATE

A SEE DETAILS 1, 2, AND 3 FOR BRB & GUSSET LAYOUT PROCEDURE.

TYPICAL CONNECTION AT BASEPLATE

SHOWN AT STRONG AXIS COLUMN
WP AT TOP OF BASE PLATE

SCALE: NTS @

SHOWN WITH DOUBLE BOLT ROW (SIM AT SINGLE BOLT ROW)

tDbIr

N SECTION A-A

3

NOT USED
SCALE: NTS@

3 SIDES TOP AND BOTTOM, TYW

- 1n "
GUSSET TO STIFF, TYP 5 {D GUSSET SUPPORT PL /2" MIN FOR t,<2",

%" MIN FOR t22" TYP

N ’\
Wol” Tud SEE(6)
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\ o

\ <

. ~®
SEE >—% 90° \,
®© Wo ! Lwn NN\ D /
BASE PLATE— W.P. @ TOP OF
Lob BASE PLATE
APPROX

A SEE DETAILS 1, 2, AND 3 FOR BRB & GUSSET LAYOUT PROCEDURE.

TYPICAL CONNECTION AT BASEPLATE @
SHOWN AT WEAK AXIS COLUMN SCALE: NTS

WP AT TOP OF BASE PLATE
SHOWN WITH SINGLE BOLT ROW (SIM AT DOUBLE BOLT ROW)

SCALE: NTS

4

PROTECTED ZONES

SHADED REGIONS INDICATE
PROTECTED ZONES

BRB PROTECTED ZONES
SHALL INCLUDE THE STEEL
CORE AND CONNECTION
ELEMENTS AND SHALL
SATISFY THE REQUIREMENTS
OF SECTION F4.5c OF AISC 341.
ADDITIONALLY, ATTACHMENTS
WHICH PENETRATE THE
CASING (SCREWS, PAF, ETC)
OR ANY ATTACHMENT
SUPPORTING OVER 50 LBS
SHALL BE APPROVED BY THE
ENGINEER OF RECORD AND
COREBRACE.

SCALE: NTS

PROTECTED ZONES - AISC 341@

BEAM STIFFENERS PER
STRUCTURAL DRAWINGS,

TYP.
@
W.P. @ = X
1/2 ACTUAL BM \\\
DEPTH —
BEAM ~ YARN

x
o
g
g
o
AN <

e S APPROX . s

GUSSET STIFFEN\I\ER, Yo" STIFF
BOTH SIDES OF GUSSET, SEE (5

; < 2 SIDES TYP
SEE NOTE @ FOR SIZE
@ FOR STIFFENER THICKNESS REQUIREMENTS, SEE CONNECTION SCHEDULE
USE %" FILLET WELD FOR THICKNESSES < 1.25", 744" FILLET WELD FOR THICKNESSES < 2.0", UNO

FOR STIFF PLATES > 2" CONTACT COREBRACE FOR FILLET WELD SIZE.
TYPICAL CONNECTION AT CHEVRON TOP 1 8
SCALE: NTS

SHOWN WITH SINGLE BOLT ROW (SIM AT DOUBLE BOLT ROW)

Welding to be completed by an individual or fabricator
who is WABO certified or approved by the Building
Official to perform the work. All welds must be inspected
and approved by a WABO certified special inspector.

SHOP DRAWING REVIEW STAMP

Corrections or comments made on the
shop drawings during this review do not
relieve the contractor from compliance with
all Contract Documents. This check is only
for review of general conformance with the
design intent of the project and general
compliance with the information given in
the Contract Documents. The contractor is
responsible for confirming and correlating
all quantities and dimensions, selecting
fabrication processes and techniques of
construction, coordinating their work with
that of all other trades, and performing
their work in a safe and satisfactory
manner.
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PRCTI20250117 - Rev#l || W ROJECT:
Buckling Restrained Braces
& Connections submittal
City of Puyallup Casing Fysc CB
Development & Permitting Services CB-ID EOR-ID BF Line Grids Lvis | Mark | Qty Ly L. Shape Profile H. | W, t. W, W, Ls. XL Lg a c L. t, Duig | Dw | Lwisi n; n, g s e b, Lysc L"ysc W, tsc A Kot K Pysc | Min | Max Wit
ISSUED PERMIT # # # # # # # in in torp in | in in in in in in in in in in in # # in # # in in in in in in in in in? Kin | (KeKowp)| Kip | ksi | ksi Ib
Building Mgni g CB-7.50 BRB7.5 BF #2 2 G-G.5 1 2901 1 225 6/16 177.25 t O 10 10 | 0.2500 | 8.88 7.44 | 29.81 6.49 | 16.81 ] 4.00 | 3.00 | 1249 | 0.75 | 4.00 | 4.00 | 6.49 4 0 0.00 | 400 | 1.63 | 1.26 | 152.78 1562.78 | 6.000 1.25 7.50 1205 1.45 293 39 43 2422 PUYALLUP, WA.
_ - _ CB-7.50 BRB7.5 BF #2 2 G.5-H 1 2901 1 225 6/16 177.25 t O 10 10 | 0.2500 | 8.88 7.44 | 29.81 6.49 | 16.81 ] 4.00 | 3.00 | 1249 | 0.75 | 4.00 | 4.00 | 6.49 4 0 0.00 | 400 | 163 | 1.26 | 152.78 152.78 | 6.000 1.25 7.50 1205 1.45 293 39 43 2422
Engineering Public Works CB-2.25 | BRB2.25 BF #3 6 D-D.5 2 2902 1 229 7/16 196.25 t O 8 8 0.2500 | 7.38 | 3.72 | 22.35 | 2.46 9.35 1 400 ] 3.00 | 846 | 0.50 | 3.00 | 3.00 | 11.46 2 0 0.00 | 500 | 163 | 0.96 | 179.83 | 163.58 | 3.000 0.75 2.25 339 1.36 88 39 43 1571
: - CB-2.25 | BRB2.25 BF #3 6 D.5-E 2 2902 1 229 7/16 196.25 t O 8 8 0.2500 | 7.38 | 3.72 | 22.35 | 2.46 9.35 1 400 ] 3.00 | 846 | 0.50 | 3.00 | 3.00 | 11.46 2 0 0.00 | 500 | 163 | 0.96 | 179.83 | 163.58 | 3.000 0.75 2.25 339 1.36 88 39 43 1571
Fire Traffic CB-2.25 | BRB2.25 BF #4 6 G-G.5 2 2903 1 229 7/16 196.25 t O 8 8 0.2500 | 7.38 | 3.72 | 2235 | 2.46 9.35 1 400 ] 3.00 | 846 | 0.50 | 3.00 | 3.00 | 11.46 2 0 0.00 | 500 | 163 | 0.96 | 179.83 | 163.58 | 3.000 0.75 2.25 339 1.37 88 39 43 1571
CB-2.25 | BRB2.25 BF #4 6 G.5-H 2 2903 1 229 7/16 196.25 t O 8 8 0.2500 | 7.38 | 3.72 | 2235 | 2.46 935 1 400 ] 3.00 | 846 | 0.50 | 3.00 | 3.00 | 11.46 2 0 0.00 | 500 | 163 | 0.96 | 179.83 | 163.58 | 3.000 0.75 2.25 339 1.37 88 39 43 1571
CB-3.00 BRB3.0 BF #6A 8 G-G.5 1 2904 1 245 7/16 212.25 t O 8 8 0.2500 | 7.38 | 442 | 2235 | 3.33 9.35 | 400 | 3.00 | 933 | 0.50 | 3.00 | 3.00 | 12.33 2 0 0.00 | 500 | 163 | 0.96 | 194.08 | 194.08 | 4.000 0.75 3.00 402 1.29 117 39 43 1683
CB-3.00 BRB3.0 BF #6A 8 G.5-H 1 2904 1 245 7/16 212.25 t O 8 8 0.2500 | 7.38 | 442 | 22.35 | 3.33 9.35 | 400 | 3.00 | 933 | 0.50 | 3.00 | 3.00 | 12.33 2 0 0.00 | 500 | 163 | 0.96 | 194.08 | 194.08 | 4.000 0.75 3.00 402 1.28 117 39 43 1683
CB-2.00 BRB2.0 BF #6B 8 H-H.5 2 2905 1 225 5/16 192.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 2.48 927 | 400 | 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 175.80 | 159.76 | 3.200 0.63 2.00 308 1.38 78 39 43 1516
CB-2.00 BRB2.0 BF #6B 8 H.5-J 2 2905 1 225 5/16 192.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 2.48 9.27 | 400 | 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 175.80 | 159.76 | 3.200 0.63 2.00 308 1.38 78 39 43 1516
CB-2.75 | BRB2.75 BF #9 10 G-G.5 1 2906 1 246 7/16 213.25 t O 8 8 0.2500 | 7.38 | 412 | 22.35 | 2.96 9.35 | 400 | 3.00 | 896 | 0.50 | 3.00 | 3.00 | 11.96 2 0 0.00 | 5.00 | 163 | 096 | 19582 | 179.45 | 3.667 0.75 2.75 379 1.32 107 39 43 1719
CB-2.75 | BRB2.75 BF #9 10 G.5-H 1 2906 1 246 7/16 213.25 t O 8 8 0.2500 | 7.38 | 4.12 | 22.35 | 2.96 9.35 | 400 | 3.00 | 896 | 0.50 | 3.00 | 3.00 | 11.96 2 0 0.00 | 5.00 | 163 | 096 | 19582 | 179.45 | 3.667 0.75 2.75 379 1.32 107 39 43 1719
CB-2.75 | BRB2.75 BF #10 11 D-D.5 2 2907 1 213 7/16 180.25 t O 8 8 0.2500 | 7.38 | 412 | 22.35 | 2.96 9.35 | 400 | 3.00 | 896 | 0.50 | 3.00 | 3.00 | 11.96 2 0 0.00 | 500 | 163 | 096 | 162.82 | 146.45 | 3.667 0.75 2.75 448 1.41 107 39 43 1476
CB-2.75 | BRB2.75 BF #10 11 D.5-E 2 2907 1 213 7/16 180.25 t O 8 8 0.2500 | 7.38 | 412 | 22.35 | 2.96 935 | 400 | 3.00 | 896 | 0.50 | 3.00 | 3.00 | 11.96 2 0 0.00 | 5.00 | 163 | 096 | 162.82 | 146.45 | 3.667 0.75 2.75 448 1.41 107 39 43 1476
CB-2.00 BRB2.0 BF #11 13 C-C.5 1 2908 1 246 5/16 213.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 2.48 927 | 400 ] 3.00| 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 196.80 | 180.76 | 3.200 0.63 2.00 277 1.33 78 39 43 1667
CB-2.00 BRB2.0 BF #11 13 C.5-D 1 2908 1 246 5/16 213.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 2.48 927 | 400 ] 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 196.80 | 180.76 | 3.200 0.63 2.00 277 1.33 78 39 43 1667
CB-2.00 BRB2.0 BF #13 13 H-H.5 1 2909 1 246 5/16 213.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 2.48 927 | 400 ] 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 196.80 | 180.76 | 3.200 0.63 2.00 277 1.33 78 39 43 1667
CB-2.00 BRB2.0 BF #13 13 H.5-J 1 2909 1 246 5/16 213.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 248 927 | 400 ] 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 196.80 | 180.76 | 3.200 0.63 2.00 277 1.33 78 39 43 1667
CB-2.75 | BRB2.75 BF #14 15 H-H.5 2 2910 1 213 7/16 180.25 t O 8 8 0.2500 | 7.38 | 412 | 22.35| 2.96 935 | 400 | 3.00 | 896 | 0.50 | 3.00 | 3.00 | 11.96 2 0 0.00 | 5.00 | 1.63 | 0.96 | 162.82 | 146.45 | 3.667 0.75 2.75 448 1.41 107 39 43 1476
CB-2.75 | BRB2.75 BF #14 15 H.5-J 2 2910 1 213 7/16 180.25 t O 8 8 0.2500 | 7.38 | 412 | 22.35| 2.96 9.35 | 400 | 3.00 | 896 | 0.50 | 3.00 | 3.00 | 11.96 2 0 0.00 | 5.00 | 1.63 | 0.96 | 162.82 | 146.45 | 3.667 0.75 2.75 448 1.41 107 39 43 1476
CB-2.00 BRB2.0 BF #18 D 3-3.5 2 2911 1 223 5/16 190.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 2.48 9.27 | 400 | 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 173.80 | 157.76 | 3.200 0.63 2.00 311 1.38 78 39 43 1502
CB-2.00 BRB2.0 BF #18 D 3.5-4 2 2911 1 223 5/16 190.25 t O 8 8 0.2500 | 713 | 3.61 | 2227 | 2.48 9.27 | 400 | 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 173.80 | 157.76 | 3.200 0.63 2.00 311 1.38 78 39 43 1502
CB-3.00 BRB3.0 BF #25 D 10-10.5 2 2912 1 246 7/16 213.25 t O 8 8 0.2500 | 7.38 | 442 | 22.35| 3.33 9.35 | 400 | 3.00 | 933 | 0.50 | 3.00 | 3.00 | 12.33 2 0 0.00 | 5.00 | 1.63 | 0.96 | 195.08 | 195.08 | 4.000 0.75 3.00 398 1.31 117 39 43 1691 3:1
CB-3.00 BRB3.0 BF #25 D 10.5-11 2 2912 1 246 7/16 213.25 t O 8 8 0.2500 | 7.38 | 442 | 22.35| 3.33 9.35 | 400 | 3.00 | 933 | 0.50 | 3.00 | 3.00 | 12.33 2 0 0.00 | 5.00 | 163 | 0.96 | 195.08 | 195.08 | 4.000 0.75 3.00 398 1.31 117 39 43 1691 >
CB-6.00 BRB6.0 BF #25 D 10-10.5 1 2913 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 | 6.65 | 2942 | 582 | 1642 ] 4.00 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 | 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 - &3
CB-6.00 BRB6.0 BF #25 D 10.5-11 1 2913 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 | 6.65 | 2942 | 582 | 1642 ] 4.00 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 | 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 O o
CB-6.00 BRB6.0 BF #27 D 15-15.5 1 2914 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 | 6.65 | 2942 | 582 | 1642 ]| 4.00 [ 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 | 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 — %
CB-6.00 BRB6.0 BF #27 D 15.5-16 1 2914 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 | 6.65 | 2942 | 582 | 1642 ] 4.00 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 | 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 E o
CB-6.00 BRB6.0 BF #23A H 9-9.5 1 2915 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 | 6.65 | 2942 | 582 | 1642 ]| 4.00 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 | 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 —_— O
CB-6.00 BRB6.0 BF #23A H 9.5-10 1 2915 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 6.65 | 2942 | 582 | 1642 | 400 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 [ 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 o LL
CB-2.00 BRB2.0 BF #23B H 10-10.5 2 2916 1 249 5/16 216.25 t O 8 8 0.2500 | 7.13 3.61 | 22.27 | 2.48 9.27 | 400 ] 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 199.80 183.76 | 3.200 0.63 2.00 272 1.36 78 39 43 1689 % a
CB-2.00 BRB2.0 BF #23B H 10.5-11 2 2916 1 249 5/16 216.25 t O 8 8 0.2500 | 7.13 3.61 | 22.27 | 2.48 927 | 400 | 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 199.80 183.76 | 3.200 0.63 2.00 272 1.36 78 39 43 1689 L (:/))
CB-6.00 BRB6.0 BF #23B H 10-10.5 1 2917 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 6.65 | 2942 | 582 | 1642 | 400 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 [ 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 ') 175}
CB-6.00 BRB6.0 BF #23B H 10.5-11 1 2917 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 6.65 | 2942 | 582 | 1642 | 400 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 [ 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 —
CB-2.00 BRB2.0 BF #28 H 15-15.5 2 2918 1 247 5/16 214.25 t O 8 8 0.2500 | 7.13 3.61 | 22.27 | 2.48 9.27 | 400 ] 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 197.80 181.76 | 3.200 0.63 2.00 274 1.37 78 39 43 1674
CB-2.00 BRB2.0 BF #28 H 15.5-16 2 2918 1 247 5/16 214.25 t O 8 8 0.2500 | 7.13 3.61 | 22.27 | 2.48 9.27 | 400 | 3.00 | 848 | 0.50 | 3.00 | 3.00 | 11.48 2 0 0.00 | 5.00 | 1.63 | 0.91 197.80 181.76 | 3.200 0.63 2.00 274 1.37 78 39 43 1674
CB-6.00 BRB6.0 BF #28 H 15-15.5 1 2919 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 6.65 | 2942 | 582 | 1642 ]| 400 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 [ 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 LL o
CB-6.00 BRB6.0 BF #28 H 15.5-16 1 2919 1 260 10/16 213.25 t O 10 10 | 0.2500 | 7.63 6.65 | 2942 | 582 | 1642 | 400 | 3.00 | 11.82 ] 0.75 | 4.00 | 4.00 | 5.82 4 0 0.00 | 400 | 1.63 | 1.02 | 190.11 190.11 6.000 1.00 6.00 808 1.38 234 39 43 2706 — o
38 < |3
Table of Symbols X, = Length from start of lug transition to end of lug transition Sum --> 73,706 Ibs ()] o)
L, = Length of CB tip to tip L.g = Length of Lap on Gusset n; = Number of bolts in inner row L"ysc = Yield length of core - Yielding Portion Only Max --> 2,706 lbs (%
L. = Length of casing a = Gap between core and gusset n, = Number of bolts in outer row W, = Width of core at yield section
Casing = Size & type of casing ¢ = Core extension length out of casing g = Gauge between outer & inner bolt rows tsc = Thickness of core S
Type =t = tube (square/rect) and p = pipe (round) L. = Length of Lug within Casing (incl. xL) s = Bolt Spacing A, = Cross sectional area of core at yield section LLl @
W, = Width of Lug t_ = Thickness of lug e = Typical bolt edge distance K. = Effective Stiffness of BRB from WP to WP Y
W, = Width at Reduced Section of Lug D.ig = Size of weld at lug to core at bolt pattern # 1/16ths b, = Distance to start of radius from first outermost bolt. K; = Axial Stiffness Adjustment Factor ADDITIONAL NOTES.
Ls. = Total Length of Lug minus Transition (xL) D,. = Size of weld at lug to core beyond bolt pattern # 1/16ths (If negative it is towards end of CB from bolt.) P,sc = Yield force of CB (Ag X Fysc_min)
6910 - Puyallup PSB Lw.i = Weld length required at inside face of lug Lysc = Length of yielding core w/out allowance for Cntr Stiffener Fysc = Specified yield stress range of core plate
COREBRACE SCHEDULE @
L
O
14
BOTTOM OF BRACE CONNECTION TOP OF BRACE CONNECTION Required Stiff or Continuity Plate Required Web Doubler Plate D
Hole Pattern Information Gusset Lug Bolt Size, Length & Quantities Bm/Col Flange Bot Bm/Col Web (90) Bot Chev A Bottom End of Brace Top End of Brace Bottom End of Brace Top End of Brace cB Total I.l.
CB-ID EOR-ID BF Line Grids Lvis Mark | Qty Wwp Hwp Lon Lwp-h n | ng e s gi do dhg ty Fyg ' t ts Lig Wiear | Lweaie | do G L La 3.50"| 3.75"]4.00"| 4.25"| 4.50"| 4.75" W, Luwb We  |Lwe|Llago|Llgc]l Wo [Lwn|] We |Lwe|Lgo|Llgc W, Lwb Lgb Lgc Beam Col Beam Col Beam Col Beam Col Wt CB Wt
# # # # # # # in in in in # | # in in in in in in ksi in in in in in in in in in in Qty | Qty | Qty | Qty | Qty | Qty in in in in|in ] in in in in in]in]in in in in in Main Main Main Main toor Lowr Woprr toor toorr Lpbrr Wopr toor Ib b ﬂf
CB-7.50 BRB7.5 BF #2 2 G-G.5 1 2901 1 150 213 11/16 | 219 21 4 0 110/16 400 [213/16]0 1 716 | 1 50 87/8 3/4 11/4 116 13/16 7/16 76 11/8] 2.56 4.240 41/4 - - - 16 - - - - - - - | - 3/8 | 21 3/8 |30]25] 32 5/16 24 25 20 - CP 0.50" - - - - - - - - - 2422 2422 l.l.l
CB-7.50 | BRB7.5 BF #2 2 G.5-H 1 2901 | 1 | 150 213 10/16 | 219 21 4 | 0 11016 [ 4.00 |213/16]|0 1 716 1 50 | 87/8 3/4 11/4 [16 13/16 7/16 76 |11/8] 2.56 4.240 41/4 - - - 16 - - - - - - - -] 38|21 38 302532 5/16 24 25 20 - CP 0.50" - - - - - - - - - 2422 2422
CB-2.25 | BRB2.25 BF #3 6 D-D.5 2 2902 1 150 215 15/16 | 224 20 2 0 110/16 500 [2 1/16|0 1 716 | 1 50 7 3/8 1/2 3/4 9 6/16 5/16 44 11/8] 2.06 3.740 33/4 - 8 - - 5/16 11 516 | 13 [ 13| 15 - - - - - - 5/16 18 19 14 - - 0.50" - - - - - - - - - 1571 1571 n-
CB-2.25 | BRB2.25 BF #3 6 D.5-E 2 2902 [ 1 [ 150 215 15/16 | 224 20 2 | 0| 11016 500 [2 116]0 1 716 1 50 | 73/8 1/2 34 |9 6/16 5/16 44 111/8] 2.06 3.740 334 - 8 - - - - [ - -] 5M16] 15| 5/16[13| 1915 5/16 18 19 14 - CP 0.50" - - - - - - - - - 1571 1571
CB-2.25 | BRB2.25 BF #4 6 G-G.5 2 2903 1 150 4/16 | 216 224 20 2 0 110/16 500 |2 1160 1 716 | 1 50 7 3/8 1/2 3/4 9 6/16 5/16 44 11/8] 2.06 3.740 334 - 8 - 5/16] 15| 5/16] 13| 19| 15 5/16 18 19 14 - CP 0.50" - - - - - - - - - 1571 1571 U
CB-2.25 | BRB2.25 BF #4 6 G.5-H 2 2903 1 150 4/16 | 216 224 20 2 0 110/16 500 |2 1160 1 716 | 1 50 7 3/8 1/2 3/4 9 6/16 5/16 44 11/8] 2.06 3.740 3 34 8 - 5/16] 15| 5/16]| 13|19 15 5/16 18 19 14 - CP 0.50" - - - - - - - - - 1571 1571 —
CB-3.00 | BRB3.0 BF #6A 8 G-G.5 1 2904 | 1 [ 14910/16 | 234 14/16 | 240 21 2| 0| 11016 500 [2 1/16]0 1 7/16 | 1 50 | 73/8 1/2 34 |9 6/16 5/16 44 111/8] 2.06 3.740 3 3/4 8 - | 516| 15| 5/16]24]|19]26 5/16 16 17 15 - CP 0.50" - - - - - - - - - 1683 1683
CB-3.00 | BRB3.0 BF #6A 8 G.5-H 1 2904 | 1 | 14910/16 | 234 8/16 | 240 21 2| 0| 11016 500 [2 1160 1 7/16 | 1 50 | 73/8 1/2 34 |9 6/16 5/16 44 |11/8] 2.06 3.740 334 - 8 - | 5/16[ 15| 5/M16|24[19]|26 5/16 16 17 14 - CP 0.50" - - - - - - - - - 1683 1683 z
CB-2.00 | BRB2.0 BF #6B 8 H-H.5 2 2905 | 1 | 14913/16 | 212 220 20 2 | 0| 110116 500 [115M16]0 1 716 1 50 | 71/8 1/2 5/8 | 9 4/16 5/16 44 111/8]2.06 3.740 3 3/4 - 8 - | 5116/ 15| 5/16|14]19]|16 5/16 18 19 14 - CP 0.50" - - - - - - - - - 1516 1516 m
CB-2.00 BRB2.0 BF #6B 8 H.5-J 2 2905 1 149 13/16 | 212 220 20 2 0 110/16 500 |115/16|0 1 716 | 1 50 71/8 1/2 5/8 9 4/16 5/16 44 11/8] 2.06 3.740 3 3/4 - 8 - 5/16] 15| 5/16] 14| 19| 16 5/16 18 19 14 - CP 0.50" - - - - - - - - - 1516 1516
CB-2.75 | BRB2.75 BF #9 10 G-G.5 1 2906 1 150 234 14/16 | 241 21 2 0 110/16 500 |2 1160 1 7116 [ 1 50 7 3/8 1/2 3/4 9 6/16 5/16 44 11/8] 2.06 3.740 33/4 - 8 - 5/16| 15| 5/16] 24 | 19| 26 5/16 16 17 14 - CP 0.50" - - - - - - - - - 1719 1719 -
CB-2.75 | BRB2.75 BF #9 10 G.5-H 1 2906 [ 1 [ 150 234 10/16 | 241 21 2| 0| 11016 500 [2 116]0 1 716 1 50 | 73/8 1/2 34 |9 6/16 5/16 44 |11/8] 2.06 3.740 3 3/4 - 8 - - - - [ - -] 516] 15| 5/16[/24| 19|26 5/16 16 17 14 - CP 0.50" - - - - - - - - - 1719 1719 |.|.|
CB-2.75 | BRB2.75 BF #10 11 D-D.5 2 2907 1 150 200 12/16 | 208 19 2 0 110/16 500 [2 1/16|0 1 716 | 1 50 7 3/8 1/2 3/4 9 6/16 5/16 44 11/8] 2.06 3.740 3 3/4 - 8 5/16 12 516 |12 16| 15 - - - - - - 5/16 21 22 14 0.50" - 0.50" - - - - - - - - - 1476 1476 m
CB-2.75 | BRB2.75 | BF #10 11 D.5-E 2 2907 [ 1 [ 150 200 12/16 | 208 19 2| 0 [ 11016 500 [2 1160 1 7/16 | 1 50 | 73/8 1/2 34 |9 6/16 5/16 44 111/8]2.06 3.740 3 3/4 - 8 - - - - - -] 516] 15| 5/16[13[19(15 5/16 21 22 14 0.50" CP 0.50" - - - - - - - - - 1476 1476
CB-2.00 BRB2.0 BF #11 13 C-C5 1 2908 1 150 5/16 | 234 14/16 | 241 21 2 0 110/16 500 |11516|0 1 716 1 50 71/8 1/2 5/8 9 4/16 5/16 44 11/8] 2.06 3.740 3 3/4 - 8 - 5/16| 15| 5/16] 24 | 19| 26 5/16 16 17 14 - CP 0.50" - - - - - - - - - 1667 1667
CB-2.00 | BRB2.0 BF #11 13 C.5-D 1 2908 | 1 | 150 5/16 | 234 14/16 | 241 21 2 | 0| 11016 500 [115/16]0 1 716 1 50 | 71/8 1/2 5/8 | 9 4/16 5/16 44 111/8]2.06 3.740 3 3/4 - 8 - | 5/16[ 15| 5116|2419 26 5/16 16 17 14 - CP 0.50" - - - - - - - - - 1667 1667 m
CB-2.00 BRB2.0 BF #13 13 H-H.5 1 2909 1 150 234 14/16 | 241 21 2 0 110/16 500 [115/16]0 1 7116 | 1 50 71/8 1/2 5/8 9 4/16 5/16 44 11/8] 2.06 3.740 3 3/4 - 8 - 5/16| 15| 5/16] 24 | 19| 26 5/16 16 17 14 - CP 0.50" - - - - - - - - - 1667 1667
CB-2.00 BRB2.0 BF #13 13 H.5-J 1 2909 1 150 234 14/16 | 241 21 2 0 110/16 500 [115/16]0 1 716 | 1 50 71/8 1/2 5/8 9 4/16 5/16 44 11/8] 2.06 3.740 334 - 8 - - - - - | - 5/16] 15| 5/16| 24 | 19 | 26 5/16 16 17 14 - CP 0.50" - - - - - - - - - 1667 1667 U
CB-2.75 | BRB2.75 | BF #14 15 H-H.5 2 2910 [ 1 [ 150 200 12/16 | 208 19 2 | 0 [ 11016 500 [2 1160 1 716 1 50 | 73/8 1/2 34 |9 6/16 5/16 44 111/8]2.06 3.740 3 3/4 - 8 5/16 12 516 [ 12| 16| 15] - - - - - - 5/16 21 22 14 0.50" - 0.50" - - - - - - - - - 1476 1476 —
CB-2.75 | BRB2.75 | BF #14 15 H.5-J 2 2910 [ 1 [ 150 200 12/16 | 208 19 2 | 0| 11016 500 [2 116]0 1 7116 1 50 | 73/8 1/2 34 | 9 6/16 5/16 44 |11/8]2.06 3.740 334 - 8 - - - - | - | -] 516|115 5/16[ 131915 5/16 21 22 14 0.50" CP 0.50" - - - - - - - - - 1476 1476 m
CB-2.00 | BRB2.0 BF #18 D 3-3.5 2 2911 [ 1 [ 150 208 2/16 | 218 19 2 | 0 [ 11016 500 [115/16]0 1 716 1 50 | 71/8 1/2 58 | 9 4/16 5/16 44 |11/8] 2.06 3.740 334 - 8 - | 5/16[ 14| 516]13]19]15 5/16 18 20 14 - CP 0.50" - - - - - - - - - 1502 1502
CB-2.00 BRB2.0 BF #18 D 3.5-4 2 2911 1 150 208 2/16 | 218 19 2 0 110/16 500 [115/16]0 1 716 1 50 71/8 1/2 5/8 9 4/16 5/16 44 11/8] 2.06 3.740 3 3/4 - 8 - - - - - | - 5/16| 14 | 5/16]13[19[15 5/16 18 20 14 - CP 0.50" - - - - - - - - - 1502 1502 I-|-|
CB-3.00 BRB3.0 BF #25 D 10-10.5 2 2912 1 191 13/16 | 214 3/16 | 241 25 2 0 110/16 500 |2 116[0 1 716 | 1 50 7 3/8 1/2 3/4 9 6/16 5/16 44 11/8] 2.06 3.740 3 3/4 - 8 5/16 20 516 | 12 | 22 | 14 - - - - - - 5/16 22 23 14 - - 0.50" - - - - - - - - - 1691 1691 n.
CB-3.00 BRB3.0 BF #25 D 10.5-11 2 2912 1 191 13/16 | 214 5/16 | 241 25 2 0 110/16 500 |2 1160 1 716 | 1 50 7 3/8 1/2 3/4 9 6/16 5/16 44 11/8] 2.06 3.740 334 - 8 - - - - 5/16 17 516 | 11| 22 | 14 - - - - - - 5/16 22 23 14 0.50" - 0.50" - - - - - - - - - 1691 1691
CB-6.00 | BRB6.0 BF #25 D 10-10.5 1 2913 [ 1 [ 192 2/16 | 227 13/16 | 255 18 4 1 0 11016 [ 4.00 |2 316]|0 1 716 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |11/8] 2.56 4.240 41/4 - - - 16 - - 5/16 17 5116 | 26| 19| 28] - - - - - - 5/16 28 29 20 - - 0.50" - - - - 0.25" - - - - 2706 2706 j
CB-6.00 | BRB6.0 BF #25 D 10.5-11 1 2913 | 1 [ 192 2/16 | 227 13/16 | 255 18 4 | 0| 11016 | 4.00 |2 3/16{0 1. 7M16] 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |[11/8] 2.56 4.240 41/4 - - - 16 - - 5/16 17 5116 | 26| 19|28 - - - - - - 5/16 28 29 20 - - 0.50" - - - - 0.25" - - - - 2706 2706 T~
CB-6.00 | BRB6.0 BF #27 D 15-15.5 1 2914 | 1 | 192 227 6/16 | 255 18 4 | 0 11016 [ 4.00 |2 3/16]|0 1. 716 1 50 | 75/8 3/4 1 16 7/16 7/16 73 [11/8] 2.56 4.240 41/4 - - - 16 - - 5/16 17 516 | 26| 19]28] - - - - -] - 5/16 28 29 19 - - 0.50" - - - - 0.25" - - - - 2706 2706 [ﬂ Y o
CB-6.00 | BRB6.0 BF #27 D 15.5-16 1 2914 [ 1 | 192 227 6/16 | 255 18 4 | 0| 11016 | 400 |2 3/16{0 1 .7M16] 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |[11/8] 2.56 4.240 41/4 - - - 16 - - 5/16 17 516 | 26| 19|28 - - - - - - 5/16 28 29 19 - - 0.50" - - - - 0.25" - - - - 2706 2706 N o
CB-6.00 | BRB6.0 | BF #23A H 9-9.5 1 2915 | 1 | 192 2/16 | 228 2/16 | 255 18 4 | 0 [ 11016 [ 400 |2 3160 1 716 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |[11/8] 2.56 4.240 41/4 - - - 16 - - 5/16 17 5116 |26 19|28 - - - - - - 5/16 28 29 20 - - 0.50" - - - - 0.25" - - - - 2706 2706 E g
CB-6.00 | BRB6.0 | BF #23A H 9.5-10 1 2915 | 1 [ 192 2/16 | 227 10/16 | 255 18 4 1 0 11016 [ 4.00 |2 316]|0 1 7116 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |11/8[2.56 4.240 41/4 - - - 16 - - 5/16 17 516 |27 19|29 - - - - - - 5/16 28 29 20 - - 0.50" - - - - 0.50" - - - - 2706 2706 QO
CB-2.00 | BRB2.0 | BF #23B H 10-10.5 2 2916 | 1 | 19112/16 | 217 6/16 | 244 25 2| 0| 110116 500 [115/16]0 1 7116 1 50 | 71/8 172 5/8 | 9 4/16 5/16 44 111/8] 2.06 3.740 3314 - 8 - - - - 5/16 17 516 [ 12| 19]| 14 - - - - -] - 5/16 21 22 14 - - 0.50" - - - - - - - - - 1689 1689 n ©
CB-2.00 BRB2.0 BF #23B H 10.5-11 2 2916 1 191 12/16 | 217 8/16 | 244 25 2 0 110/16 500 | 115160 1 716 | 1 50 71/8 1/2 5/8 9 4/16 5/16 44 11/8] 2.06 3.740 3 3/4 - 8 - - - - 5/16 20 516 | 12 [ 22 | 14 - - - - - - 5/16 21 22 14 - - 0.50" - - - - - - - - - 1689 1689 = ":") —
CB-6.00 | BRB6.0 | BF #23B H 10-10.5 1 2917 | 1 [ 19112/16 | 227 7/16 | 255 18 4 | 0 11016 [ 4.00 |2 3/16]|0 1 7116 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |[11/8]2.56 4.240 41/4 - - - 16 - - 5/16 17 516 |27 19|29 - - - - - - 5/16 28 29 19 - - 0.50" - - - - 0.50" - - - - 2706 2706 o O
CB-6.00 | BRB6.0 | BF #23B H 10.5-11 1 2917 | 1 [ 19112/16 | 227 7/16 | 255 18 4 | 0 [ 11016 [ 4.00 |2 316]|0 1 7116 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |[11/8]2.56 4.240 41/4 - - - 16 - - 5/16 17 5116 | 26| 19|28 - - - - - - 5/16 28 29 19 - - 0.50" - - - - 0.25" - - - - 2706 2706 ; c M~
CB-2.00 BRB2.0 BF #28 H 15-15.5 2 2918 1 191 15/16 | 215 12/16 | 242 25 2 0 110/16 500 | 115160 1 716 | 1 50 71/8 1/2 5/8 9 4/16 5/16 44 11/8] 2.06 3.740 3 314 - 8 - - - 5/16 17 516 | 11|22 | 14 - - - - - - 5/16 22 23 14 - - 0.50" - - - - - - - - - 1674 1674 +— @© C|>
CB-2.00 | BRB2.0 BF #28 H 15.5-16 2 2918 | 1 | 19115/16 | 21510/16 | 242 25 2| 0| 11016 500 [115/16]0 1 7116 1 50 | 71/8 1/2 5/8 | 9 4/16 5/16 44 111/8] 2.06 3.740 3 314 - 8 - - - - 5/16 20 516 | 12|22 ]| 14) - - - - - - 5/16 21 23 14 - - 0.50" - - - - - - - - - 1674 1674 $ B o
CB-6.00 BRB6.0 BF #28 H 15-15.5 1 2919 1 191 15/16 | 227 7/16 | 2565 18 4 0 110/16 400 |2 3160 1 7116 | 1 50 7 5/8 3/4 1 16 7/16 7/16 73 11/8] 2.56 4.240 41/4 - - - 16 - - 5/16 17 5/16 | 26 [ 19| 28 - - - - - - 5/16 28 29 19 - - 0.50" - - - - 0.25" - - - - 2706 2706 ; ® g
CB-6.00 | BRB6.0 BF #28 H 15.5-16 1 2919 | 1 | 19115/16 | 227 5/16 | 255 18 4 | 0 110/16 [ 4.00 |2 3160 1 716 1 50 | 75/8 3/4 1 16 7/16 7/16 73 |[11/8]2.56 4.240 41/4 - - - 16 - - 5/16 17 5116 | 26| 19|28 - - - - - - 5/16 28 29 19 - - 0.50" - - - - 0.25" - - - - 2706 2706 : —
0 208 0 192 0 0 Note: May Dbl Count Stiffeners. Doublers to be full-height, UNO. May Double Count Doublers. Use larger size if 73,706 Ibs % N ~—
Table of Symbols Indicated Thickness Each Side of Column. Weld Stiffeners to Flange Multiple Doublers Called for in Same Location. 36.85 Ton N~ g 8
Wwe = Width of frame bay workpoint (WP) to WP e = Typical bolt edge distance Fyg = Gusset A572 grade W_.aik = Alternate continuous weld at lug to gusset W, = Minimum size of gusset weld to beam Web & Gusset with 5/16" fillet welds for t < 1.25", 7/16" for t < 2.0", UNO tonir = Doubler plate thickness 1 side of web, or 1/2 Lo ~
Hwe = Height of frame bay WP to WP s = Bolt spacing in a row t. = Thickness of Lug LwL-.ait = Minimum total length of alternate weld of lug to gusset (1/2 of length on each side of gusset) Lwp = Minimum length of beam weld CP = Cont Plate & Guss Support Plate the indicated thickness both sides of web.
Luoh = Length of CoreBrace between outermost holes g; = Gauge inner bolt row from CL of CB ts = Thickness of Stiffener on Lug d, = Bolt diameter (ASTM F3125 GrA490/F2280 SC OR ASTM F3148 TNA WITH CLASS A FAYING SURFACE) W, = Minimum size of gusset weld to column "Main" Stiffener is located at gusset Free Edge in Bm or Col for Std Conn Lpwir = Doubler plate length. Where no length is
Lwp-n = Length from bottom WP to center of bottom bolt hole 0o = Gauge between inner and outer bolt rows L.y = Expected Lap of Lug on Gusset (as Check Only) G = Grip of bolt Lwe = Minimum length of column weld "Main" Stiffener is located cntrd above gusset in Bm for V/Chev provided, length to match gusset extent. SHEET TITLE:
n; = Number of bolts in inner row dng = Diameter of bolt hole in gusset plate L' = Length of bolt needed with F436 washer only Lg, = Approximate maximum width of gusset rounded up to nearest inch All Stiffeners both sides of Bm or Col Wy = Doubler plate fillet weld size (in). Where no
n, = Number of bolts in outer row ty = Thickness of gusset La = Suggested length of bolt to order, detailer to verify NOT USED FOR DETAILING size is provided, use 3/4*tpy, (3/16" minimum).
Lgc = Approximate maximum height of gusset rounded up to nearest inch COREBRACE
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Calculation Submittal Package

Description
Section 1 Strain, B, and o Determination and Summary Tables
Section 2 Buckling Calculation and Summary Tables
Section 3 Brace End Connection Sample Calculation and Summary Tables

Section 4 Bottom Gusset Beam to Column Flange (Strong-Axis) Connection Sample
Calculation and Summary Tables

Section 5 Bottom Gusset Beam to Column Web (Weak-Axis) Connection Sample
Calculation and Summary Tables

Section 6 Chevron Gusset Connection Sample Calculation and
Summary Tables

Section 7 Stiffness Sample Calculation and Summary Tables
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Section 1. Strain, B, and w Determination and Submittal Tables
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Engineering Public Works

Strain and Overstrength Calculation

Example Mark #: 2901
Line 2, Grid G-G.5, Level 1

——,

e

£
L ff——— 1
1.0 DESIGN CRITERIA LA k‘«\ // AL
Width Between Workpoints Wip: 150.00 in (3810 mm)
Height Between Workpoints Hup: 213.70in (5428 mm)
Yielding Core Length Lysc: 152.78 in (3880 mm)
Workpoint Length Along Diagonal Ly, = V(Wip2+Hyp2) Lot 261.09 in (6632 mm)
Yield Stress of Core Material for Establishing Area Fy-min: 39 ksi (269 MPa)
Maximum Yield Stress of Core Material Fy-max: 43 ksi (296 MPa)
Modulus of Elasticity E: 29000 ksi (199955 MPa)
LRFD Resistance Factor bgra: 0.90
Deflection Amplification Factor Cq: 5.00
Demand Capacity Ratio DCR: 1.00
Importance Factor Ig: 1.00
Redundancy Factor p: 1.00
Specified Story Drift to Consider (Typically 1.0% Minimum unless NLRHA) SSD: 1.00%
The displacements and strains assocaited with this value will later be multiplied by 2, so 2% minimum is typically being considered.
Area of Yielding Steel Core Agc: 7.50 in2 (4839 mm?2)
1.1 STRAIN CALCULATION
Minimum Yield Force in Steel Core  (Fy-min"Asc) Pysc,min: 293 kip (1301 kN)
Maximum yield Force in Steel Core  (Fy.max'Asc) Pyscmax: 323 kip (1435 kN)

Final Width Between Workpoints after Specified Story Drift

Wt = Wy +(SSD*Hyp) We: 152.14 in (3864 mm)

Amssp = We - Wy, (for reference only) Arssp: 2.141in (54 mm)
Final WP Length Along Diagonal After Specified Story Drift

Le = V(We2+H,p2) L: 262.32in (6663 mm)
Yielding Core Elongation at Specified Story Drift (L - Lyp) DApssp: 1.23in (31 mm)
Core Strain at Considered Story Drift  (Apssp/Lysc) €pssp: 0.81%

Core Strain at Design Story Drift  (Cd*Yield Strain)

Force for Elastic Drift Determination P4=¢Pyscmin/(P*I)'DCR Py: 263 kip (1171 kN)
Stiffness of Yeilding Core Kiyse=Asc E/Lysc Kiyse: 1424 k/in (249 kN/mm)
Core Deformation at Yield Dpy=Pa/Kiysc Dyt 0.18in (5 mm)
Core Deformation at Design Story Drift Dpcg=Dpy'Cy Dpcd: 0.92in (23 mm)
Core Strain at Design Story Drift €ocd = Dpcd/Lyse €pcd: 0.61%

Note, identical results are found by calculating the strain with the following equation,
Epca = ¢ 'Cq*(F,/E)'DCRAI ¢ *p), and then backing out the deformation, A ycy = € pcy "L ysc

Dncd = Abcu/COS(TAN'l(HW,,/WWD)) (for reference only) Apcd: 1.61in (41 mm)
Required Stroke at Each End of Brace (2 of 2x Max of Apcg & Apssp) C requd: 1.23in (31 mm)
Provided Stroke Distance at Each End of Brace c: 3.00 in (76 mm)

Page 4 of 91



City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building
Controlling Strain  (Max of &pssp & €pcq) —— €p,max- 0.81%
Engineering Public Works v
Strain at Z'Eb,max Fire Traffic I zeb,max: 1.61% I
1.2 DETERMINE OVERSTRENGTH FACTORS AT ¢,,,, - SEE BACKBONE CURVES
Qualifying Similarity Test per AISC 341 K3.3 Similarity (K3.3) Test: 8P
Yield Force of Test Specimen Py: 292 kip (1298 kN)
Test Extrapolation Range Downward per AISC 341-16 Extrapolation Downward 83%
Minimum Qualified Yield Force Py, min: 243 kip (1082 kN)
Test Extrapolation Range Upward per AISC 341-16 Extrapolation Upward 333%
Maximum Qualified Yield Force Py max: 973 kip (4326 kN)
Compression Strength Adjustment Factor at eay Bxas 1.11
Strain Hardening Adjustment Factor at €, W33 1.29
Qualifying Sub-Assemblage Test per AISC 341 K3.2 Subassemblage (K3.2) Test 3P
Yield Force of Test Brace Py: 376 kip (1673 kN)
Compression Strength Adjustment Factor at ey Bs.2 1.12
Strain Hardening Adjustment Factor at € Wiz 1.26
Maximum Compression strength adjustment factor at e,y Brnax 1.12
Maximum Strain hardening adjustment factor at €,y Winax 1.29
These values may be increased for length effects where applicable. Design values may be larger.
Adjusted Brace Strength in Tension: ABSt = A" Fy-max'® = Pyse max’ @ Pur: 417 kip (1856 kN)
Adjusted Brace Strength in Compression: ABS¢c = A" Fy-max B ® = Pyscmax B ® Pyc: 466 kip (2073 kN)
1.3 BRACE ROTATIONAL DEMAND
2x Story Drift Rotation = 2*MAX(Amssp, Amca)/Hwp = Am/Hwp
0 = 2'MAX(Amssp, Amca)/Hwp  Equal to Assumed (Conservative) Translational Demand o: 0.02 rad
Assumed story drift rotation is considered conservative based on the following:
Ay =0'H  Maximum Story Drift at Brace Location A 4.27 in (109 mm)
A < Ay O, = AJLy, Where A, is the translation of the brace/beam joint
and L ,, is the workpoint length.
Lup 2 H Where H is the story height
An/H=0HH=08= 0.02rad
Since A < Apand Ly, 2 H  Then: AyLy, < Ap/H--> 8, <0
O = tan'l(HWD/WWD) Angle between Horiz and BRB before rotation Ocs: 0.959 rad
Ay =Ansin(Ocg) Translation of brace/beam joint A 3.50in (89 mm)
O = A/Lup Rotational demand on BRB O 0.0134 rad
Alternate Method:
0'g = tan'l(HWD/(WWD+Am)) Angle between Horiz and BRB after rotation 0'ca: 0.946 rad
Otatt = Ocs - O'ca O-alt: 0.0133 rad

Therefore 0.02 Radians is Conservative

Tested Capacity from Test Report Must Equal 0.013 Radians. -- CoreBrace OK
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1.4 BACKBONE CURVES

B Backbone Curve P-Series (Bolted) BRBs
Polynomial Approximati
135 olynomial Approximation
1.30 A
y = 36660xC - 1702.3x2 + 29.48x + o.9sosy
1.25
Design Value: e=1.61%, B=1.12 [y / -t
1.20 \ //
= K3.2 Test: At e=1.61%, B=1.12 \
g 115 I—\
g
3 I I Aol Cl S
E110 -----------'y‘
@ / :
: \-| K3.3 Test: At £=1.61%, B=1.11 |
1.05 -
26.311x2 + 6.1036x + 1.0099 |
1.00 t
i
095 !
I
i (/ COREBRACE
0.90 | |
0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5%
Strain o—p-8P B-3p
w Backbone Curve P-Series (Bolted) BRBs
Polynomial Approximation
1.55
1.50
/
|y =-3713.7%3 - 178.38x + 27.947x + 0.9044 | /
1.45
///"g_‘
1.40 -
Design Value: £=1.61%, w=1.29 /7"
135 : : -
. 1 I \ =
K3.3 Test: At e=1.61%, w=1.29 |.\\ ,9// |y =-22518x + 805.6x2 + 12.32x + 0.9503 |
1.30 e e e
3 ‘----------"----/7(
§ 125 -
g / b ] k3.2 Test: At e=1.61%, w=1.26
E£1.20 t
3 / i
%
SseEt==
1.10 1
/ :
1.05 Z i
I
1.00 / ;
i
095 =
| 4/ COREBRACE
0.90 A | i
0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5%
Strain ——w-8p —h—w-3P
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building Iﬂning

Engineering Public Works

Fire Traffic

COREBRACE STRAIN CALCULATIONS

SECTION 1.0 DESIGN CRITERIA

SECTION 1.1 STRAIN CALCULATION

Specimen ID and Location Workpoint Design Constant Yield in Core Story Drift Strain
EOR-ID Line Grids LVIS Mark Qty WWP HWP I-vsc I-WP Fvscﬁmin Fvscfmax E ¢ C DCR | SSD ASC vacfmin vacfmax WF AmSSD |-F AbSSD €pssp Pd KLvsc Ahv Ath Epcd AmCd c req'd C Eb,ma\x 28h,mi-n(
# # # # # in in in in ksi ksi ksi BRE | e % in? kip kip in in in in % | kips | Kkfin | in | in % in in in % %
BRB7.5 2 G-G.5 1 2901 1 150.0 | 213.7 | 152.8 261.1 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 7.50 292.5 | 3225 [ 152.1| 2.14 ] 2623 | 1.23 [0.81% [ 263 1424 10.18]0.92[0.61%| 1.61 1.42 3.00 | 0.81%| 1.61%
BRB7.5 2 G.5-H 1 2901 1 150.0 | 213.6 | 152.8 261.0 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 7.50 292.5 | 3225 [ 152.1| 2.14 ] 262.3| 1.23 [0.81% [ 263 1424 10.18] 0.92 [0.61%| 1.61 1.42 3.00 | 0.81%| 1.61%
BRB2.25 6 D-D.5 2 2902 1 150.0 | 2159 | 163.6 262.9 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00]1.00] 1.00% | 2.25 87.8 96.8 152.2 [ 2.16 | 264.2 | 1.24 10.76%| 79 399 [0.20]0.99[0.61%| 1.74 | 1.42 3.00 | 0.76%| 1.51%
BRB2.25 6 D.5-E 2 2902 1 150.0 | 2159 | 163.6 262.9 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.25 87.8 96.8 152.2 [ 2.16 | 264.2 | 1.24 |1 0.76%| 79 399 [0.20]0.99[0.61%| 1.74 | 1.42 3.00 | 0.76% | 1.51%
BRB2.25 6 G-G.5 2 2903 1 150.3 | 216.0 | 163.6 263.1 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00]1.00] 1.00% | 2.25 87.8 96.8 1524 [ 2.16 | 264.4] 1.24 10.76%| 79 399 [0.20] 0.99[0.61%| 1.73 1.43 3.00 | 0.76% | 1.52%
BRB2.25 6 G.5-H 2 2903 1 150.3 | 216.0 | 163.6 263.1 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.25 87.8 96.8 1524 [ 2.16 | 264.4 ] 1.24 10.76%| 79 399 [0.20] 0.99[0.61%| 1.73 1.43 3.00 | 0.76% | 1.52%
BRB3.0 8 G-G.5 1 2904 1 149.6 | 2349 | 1941 278.5 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 3.00 117.0 | 129.0 | 152.0 | 2.35 [ 279.8 [ 1.27 | 0.65%| 105 448 10.23]11.17]0.61%| 2.19 1.46 | 3.00 [0.65%| 1.31%
BRB3.0 8 G.5-H 1 2904 1 149.6 | 2345| 194.1 278.2 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 3.00 117.0 | 129.0 | 152.0 | 2.35 [ 279.5[ 1.27 | 0.65%| 105 448 10.23]11.17]0.61%| 2.18 1.46 | 3.00 [0.65%| 1.31%
BRB2.0 8 H-H.5 2 2905 1 149.8 | 212.0| 159.8 259.6 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.00 78.0 86.0 1519 [ 2.12 | 260.8 | 1.23 |0.77%| 70 363 [0.19]0.97[0.61%| 1.68 | 141 3.00 | 0.77%| 1.54%
BRB2.0 8 H.5-] 2 2905 1 149.8 | 212.0| 159.8 259.6 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.00 78.0 86.0 1519 [ 2.12 | 260.8 | 1.23 | 0.77%| 70 363 [0.19] 0.97[0.61%| 1.68 141 3.00 | 0.77% | 1.54%
BRB2.75 10 G-G.5 1 2906 1 150.0 | 2349 | 1794 278.7 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00]1.00] 1.00% | 2.75 107.3 118.3 | 152.3 | 2.35 [ 280.0| 1.27 | 0.71%| 97 444 10.22]11.09]0.61%| 2.02 1.46 | 3.00 [0.71%| 1.42%
BRB2.75 10 G.5-H 1 2906 1 150.0 | 234.7 | 1794 278.5 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.75 107.3 118.3 | 152.3 | 2.35 [ 279.8| 1.27 | 0.71%| 97 444 10.22]11.09]0.61%| 2.02 1.46 | 3.00 [0.71%| 1.42%
BRB2.75 11 D-D.5 2 2907 1 150.0 | 200.8 | 146.4 250.6 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% [ 2.75 107.3 118.3 | 152.0 | 2.01 [ 251.8| 1.21 | 0.82%| 97 545 [0.18] 0.89]0.61% | 1.48 | 1.39 3.00 | 0.82% | 1.65%
BRB2.75 11 D.5-E 2 2907 1 150.0 | 200.8 | 146.4 250.6 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.75 107.3 118.3 | 152.0 | 2.01 [ 251.8| 1.21 | 0.82%| 97 545 [0.18] 0.89[0.61% | 1.48 1.39 3.00 | 0.82% | 1.65%
BRB2.0 13 C-C5 1 2908 1 150.3 | 234.9| 180.8 278.9 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% [ 2.00 78.0 86.0 152.7 | 2.35 | 280.1| 1.27 [0.70%| 70 321 [0.22] 1.09]0.61% | 2.03 146 | 3.00 | 0.70%| 1.41%
BRB2.0 13 C.5-D 1 2908 1 150.3 | 2349 | 180.8 278.9 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% [ 2.00 78.0 86.0 152.7 [ 2.35 | 280.1 | 1.27 |0.70%| 70 321 [0.22]1.09[0.61%| 2.03 1.46 | 3.00 [0.70%| 1.41%
BRB2.0 13 H-H.5 1 2909 1 150.0 | 234.9| 180.8 278.7 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% [ 2.00 78.0 86.0 152.3 | 2.35 | 280.0| 1.27 [0.70%| 70 321 [0.22] 1.09]0.61% | 2.03 146 | 3.00 | 0.70%| 1.41%
BRB2.0 13 H.5-] 1 2909 1 150.0 | 2349 | 180.8 278.7 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% [ 2.00 78.0 86.0 152.3 [ 2.35 | 280.0 | 1.27 | 0.70%| 70 321 [0.22]1.09[0.61%| 2.03 1.46 | 3.00 [0.70%| 1.41%
BRB2.75 15 H-H.5 2 2910 1 150.0 | 200.8 | 146.4 250.6 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% | 2.75 107.3 118.3 | 152.0 | 2.01 [ 251.8| 1.21 | 0.82%| 97 545 [0.18] 0.89]0.61%| 1.48 | 1.39 3.00 | 0.82% | 1.65%
BRB2.75 15 H.5-] 2 2910 1 150.0 | 200.8 | 146.4 250.6 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.75 107.3 118.3 | 152.0 | 2.01 [ 251.8| 1.21 | 0.82%| 97 545 [0.18] 0.89[0.61% | 1.48 1.39 3.00 | 0.82% | 1.65%
BRB2.0 D 3-3.5 2 2911 1 150.0 | 208.1 | 157.8 256.5 39.0 43.0 29000 | 0.90 [ 5.0 1|1.00] 1.00 ) 1.00] 1.00% [ 2.00 78.0 86.0 152.1 | 2.08 | 257.8| 1.22 [0.77%| 70 368 [0.19] 0.95]0.61%( 1.63 141 3.00 | 0.77%| 1.55%
BRB2.0 D 3.5-4 2 2911 1 150.0 | 208.1 | 157.8 256.5 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% [ 2.00 78.0 86.0 152.1 [ 2.08 | 257.8 | 1.22 | 0.77%| 70 368 [0.19] 0.95[0.61%| 1.63 1.41 3.00 | 0.77%| 1.55%
BRB3.0 D 10-10.5 2 2912 1 191.8 | 214.2 | 195.1 287.5 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% [ 3.00 117.0 | 129.0 [ 194.0 | 2.14 [ 288.9 1.43 | 0.73%| 105 446 10.24(1.18]|0.61%| 1.77 1.65 3.00 | 0.73%| 1.47%
BRB3.0 D 10.5-11 2 2912 1 191.8 | 2143 | 195.1 287.6 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 3.00 117.0 | 129.0 | 194.0 | 2.14 [ 289.0( 1.43 | 0.73%| 105 446 1 0.24]11.18|0.61%| 1.77 1.65 3.00 | 0.73%| 1.47%
BRB6.0 D 10-10.5 1 2913 1 192.1 | 227.8 | 190.1 298.0 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00)1.00] 1.00% [ 6.00 234.0 [ 258.0 | 194.4 | 2.28 | 299.5| 1.47 [0.78% | 211 915 [0.23] 1.15]0.61% | 1.78 | 1.69 3.00 | 0.78% | 1.55%
BRB6.0 D 10.5-11 1 2913 1 192.1 | 227.8 | 190.1 298.0 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 6.00 234.0 | 258.0 [ 194.4| 2.28 | 299.5| 147 [0.78% | 211 915 [0.23]1.15[/0.61%| 1.78 1.69 3.00 | 0.78% | 1.55%
BRB6.0 D 15-15.5 1 2914 1 192.0 | 227.4| 190.1 297.6 39.0 43.0 29000 | 0.90 [ 5.0 1|1.00] 1.00 ) 1.00] 1.00% [ 6.00 234.0 [ 258.0 | 1943 | 2.27 | 299.1| 1.47 [0.77%| 211 915 [0.23] 1.15]0.61% | 1.78 | 1.69 3.00 | 0.77%| 1.55%
BRB6.0 D 15.5-16 1 2914 1 192.0 | 227.4| 190.1 297.6 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 6.00 234.0 | 258.0 [ 1943 | 2.27 ] 299.1| 147 [0.77%| 211 915 [0.23]1.15[/0.61%| 1.78 1.69 3.00 | 0.77%| 1.55%
BRB6.0 H 9-9.5 1 2915 1 192.1 | 228.1| 190.1 298.3 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% [ 6.00 234.0 [ 258.0 | 194.4 | 2.28 | 299.7| 1.47 [0.78% | 211 915 [0.23] 1.15]0.61% | 1.79 1.70 | 3.00 | 0.78% | 1.55%
BRB6.0 H 9.5-10 1 2915 1 192.1 | 227.6| 190.1 297.9 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 6.00 234.0 | 258.0 [ 194.4| 2.28 ] 299.4| 147 [0.77%| 211 915 [0.23]1.15[/0.61%| 1.78 1.69 3.00 | 0.77%| 1.55%
BRB2.0 H 10-10.5 2 2916 1 191.8 | 217.4| 183.8 289.9 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% [ 2.00 78.0 86.0 1939 | 2.17 | 2913 | 1.44 [0.79%| 70 316 [0.22] 1.11[0.61%| 1.68 | 1.66 | 3.00 [0.79%| 1.57%
BRB2.0 H 10.5-11 2 2916 1 191.8 | 217.5| 183.8 290.0 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.00 78.0 86.0 1939 [ 2.17 | 2914 ] 1.44 10.79%| 70 316 [0.22]1.11[0.61%| 1.68 1.66 | 3.00 [0.79%| 1.57%
BRB6.0 H 10-10.5 1 2917 1 191.8 | 227.5| 190.1 297.5 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00)1.00] 1.00% [ 6.00 234.0 [ 258.0 | 194.0 | 2.27 | 299.0| 1.47 [0.77%| 211 915 [0.23] 1.15]0.61% | 1.79 1.69 3.00 | 0.77%| 1.55%
BRB6.0 H 10.5-11 1 2917 1 191.8 | 227.5| 190.1 297.5 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 6.00 234.0 | 258.0 | 194.0 | 2.27 ] 299.0| 147 [0.77%| 211 915 [0.23]1.15[0.61%| 1.79 1.69 3.00 | 0.77%| 1.55%
BRB2.0 H 15-15.5 2 2918 1 191.9 | 215.7 | 1818 288.7 39.0 43.0 29000 | 0.90 [ 5.0 11.00] 1.00 ) 1.00] 1.00% [ 2.00 78.0 86.0 194.1 | 2.16 | 290.2| 1.44 [0.79%| 70 319 [0.22] 1.10| 0.61% | 1.65 1.65 3.00 | 0.79% | 1.58%
BRB2.0 H 15.5-16 2 2918 1 1919 | 215.6| 181.8 288.7 39.0 43.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 2.00 78.0 86.0 194.1 [ 2.16 | 290.1| 1.44 10.79%| 70 319 [0.22]1.10[0.61%| 1.65 1.65 3.00 | 0.79%| 1.58%
BRB6.0 H 15-15.5 1 2919 1 191.9 | 227.5| 190.1 297.6 39.0 43.0 29000 | 0.90 [ 5.0 1|1.00] 1.00)1.00] 1.00% [ 6.00 234.0 [ 258.0 | 194.2 | 2.27 | 299.1| 1.47 [0.77%| 211 915 [0.23]1.15]0.61% (| 1.78 | 1.69 3.00 | 0.77%| 1.55%
BRB6.0 H 15.5-16 1 2919 1 1919 | 227.3| 190.1 297.5 39.0 43.0 29000 | 0.90 | 5.0 |1.00f 1.00]1.00] 1.00% | 6.00 234.0 | 258.0 [ 194.2 | 2.27 ] 299.0| 147 [0.77%| 211 915 [0.23]1.15[0.61%| 1.78 1.69 3.00 | 0.77%] 1.55%
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Building

]ynfng

Engineering

Public Works

Fire

Traffic

COREBRACE STRAIN CALCULATIONS

Specimen ID and Location

SECTION 1.2 DETERMINE OVERSTRENGTH FACTORS AT £,0,

SECTION 1.3 BRACE ROTATIONAL DEMAND

Axial Test Specimen per AISC 341 K3.3 Sub Test Specimen per AISC 341 K3.2 Design Story Drift Rotation Alt method
EOR-ID Line Grids Lvls Mark Qty Py Test Specimen for Test B © Test Py 8 w 8 w Pur Puc o A B¢ AN & 0'c B¢t
# # # # # kip "Py min" / "Py max" Used Used kip kip kip rad in rad in rad rad rad
BRB7.5 2 G-G.5 1 2901 1 291.76 8P /3P 8P 1.11 1.29 3P 376.20 1.12 1.26 ]1.12(1.29]| 416.0 465.9 0.02 | 4.27 0.96 3.50 [ 0.013 | 0.95 | 0.013
BRB7.5 2 G.5-H 1 2901 1 291.76 8P /3P 8P 1.11 1.29 3P 376.20 1.12 1.26 ]1.12(1.29]| 416.0 465.9 0.02 | 4.27 0.96 3.50 | 0.013 ] 0.95 [ 0.013
BRB2.25 6 D-D.5 2 2902 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.11 1.24 ]1.12(135] 130.6 146.3 0.02 | 4.32 0.96 3.55 [ 0.013 | 0.95 | 0.013
BRB2.25 6 D.5-E 2 2902 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.11 1.24 ]1.12(1.35]| 130.6 146.3 0.02 | 4.32 0.96 3.55 | 0.013 ] 0.95 [ 0.013
BRB2.25 6 G-G.5 2 2903 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.11 1.24 ]1.12(135] 130.6 146.3 0.02 | 4.32 0.96 3.55 [ 0.013 | 0.95 | 0.013
BRB2.25 6 G.5-H 2 2903 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.11 1.24 ]1.12(1.35]| 130.6 146.3 0.02 | 4.32 0.96 3.55 | 0.013 ] 0.95 [ 0.013
BRB3.0 8 G-G.5 1 2904 1 133.80 2P /2P 2P 1.16 1.21 3P 376.20 1.11 1.20 J1.17(1.21] 156.1 182.6 0.02 | 4.70 1.00 3.96 | 0.014 | 0.99 | 0.014
BRB3.0 8 G.5-H 1 2904 1 133.80 2P /2P 2P 1.16 1.21 3P 376.20 1.11 1.20 J1.17(1.21] 156.1 182.6 0.02 | 4.69 1.00 395 | 0.014 ] 0.99 [ 0.014
BRB2.0 8 H-H.5 2 2905 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.11 1.25 J1.13(1.35] 116.1 131.2 0.02 | 424 0.96 3.46 | 0.013 | 0.94 | 0.013
BRB2.0 8 H.5-J 2 2905 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.11 1.25 ]1.13[1.35]| 116.1 131.2 0.02 | 4.24 0.96 346 | 0.013 ] 0.94 [ 0.013
BRB2.75 10 G-G.5 1 2906 1 85.82 10P /2P 10P 1.11 1.34 3P 376.20 1.11 1.22 ]1.12(1.34] 158.5 177.5 0.02 | 4.70 1.00 3.96 | 0.014 | 0.99 | 0.014
BRB2.75 10 G.5-H 1 2906 1 85.82 10P /2P 10P 1.11 1.34 3P 376.20 1.11 1.22 ]1.12(1.34]| 158.5 177.5 0.02 | 4.69 1.00 395 | 0.014 ] 0.99 [ 0.014
BRB2.75 11 D-D.5 2 2907 1 85.82 10P / 2P 10P 1.13 1.36 3P 376.20 1.12 1.27 |1.14]11.36| 160.8 183.3 0.02 | 4.02 0.93 3.22 | 0.013 ] 0.92 | 0.013
BRB2.75 11 D.5-E 2 2907 1 85.82 10P /2P 10P 1.13 1.36 3P 376.20 1.12 1.27 ]1.14(1.36] 160.8 183.3 0.02 | 4.02 0.93 3.22 | 0.013 ] 0.92 [ 0.013
BRB2.0 13 C-C.5 1 2908 1 85.82 10P / 10P 10P 1.11 1.34 3P 376.20 1.11 1.22 |1.12]1.34| 115.2 129.1 0.02 | 4.70 1.00 3.96 | 0.014 | 0.99 [ 0.014
BRB2.0 13 C.5-D 1 2908 1 85.82 10P /10P 10P 1.11 1.34 3P 376.20 1.11 1.22 ]1.12(1.34] 115.2 129.1 0.02 | 4.70 1.00 3.96 | 0.014 ] 0.99 [ 0.014
BRB2.0 13 H-H.5 1 2909 1 85.82 10P / 10P 10P 1.11 1.34 3P 376.20 1.11 1.22 |1.12]1.34| 115.2 129.1 0.02 | 4.70 1.00 3.96 | 0.014 | 0.99 [ 0.014
BRB2.0 13 H.5-J 1 2909 1 85.82 10P /10P 10P 1.11 1.34 3P 376.20 1.11 1.22 ]1.12(1.34] 115.2 129.1 0.02 | 4.70 1.00 3.96 | 0.014 ] 0.99 [ 0.014
BRB2.75 15 H-H.5 2 2910 1 85.82 10P /2P 10P 1.13 1.36 3P 376.20 1.12 1.27 |1.14]11.36| 160.8 183.3 0.02 | 4.02 0.93 3.22 | 0.013 ] 0.92 [ 0.013
BRB2.75 15 H.5-J 2 2910 1 85.82 10P /2P 10P 1.13 1.36 3P 376.20 1.12 1.27 ]1.14(1.36] 160.8 183.3 0.02 | 4.02 0.93 3.22 | 0.013 ] 0.92 [ 0.013
BRB2.0 D 3-3.5 2 2911 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.12 1.25 J1.13]11.35]| 116.1 131.2 0.02 | 4.16 0.95 3.38 | 0.013 ] 0.93 [ 0.013
BRB2.0 D 3.5-4 2 2911 1 85.82 10P /10P 10P 1.12 1.35 3P 376.20 1.12 1.25 J1.13[1.35] 116.1 131.2 0.02 | 4.16 0.95 3.38 | 0.013 ] 0.93 [ 0.013
BRB3.0 D 10-10.5 2 2912 1 133.80 2P /2P 2P 1.17 1.26 3P 376.20 1.11 1.23 |1.18]1.26| 162.5 191.8 0.02 | 4.28 0.84 3.19 | 0.011 | 0.83 [ 0.011
BRB3.0 D 10.5-11 2 2912 1 133.80 2P /2P 2P 1.17 1.26 3P 376.20 1.11 1.23 ]1.18[1.26]| 162.5 191.8 0.02 | 4.29 0.84 3.19 | 0.011 ] 0.83 [ 0.011
BRB6.0 D 10-10.5 1 2913 1 133.80 2P / 8P 2P 1.17 1.28 3P 376.20 1.12 1.25 |1.18]1.28| 330.2 389.7 0.02 | 4.56 0.87 3.48 | 0.012 ] 0.86 | 0.012
BRB6.0 D 10.5-11 1 2913 1 133.80 2P /8P 2P 1.17 1.28 3P 376.20 1.12 1.25 ]1.18[1.28]| 330.2 389.7 0.02 | 4.56 0.87 3.48 | 0.012 | 0.86 [ 0.012
BRB6.0 D 15-15.5 1 2914 1 133.80 2P / 8P 2P 1.17 1.28 3P 376.20 1.12 1.25 |1.18]1.28| 330.2 389.7 0.02 | 455 0.87 3.48 | 0.012 ] 0.86 | 0.012
BRB6.0 D 15.5-16 1 2914 1 133.80 2P /8P 2P 1.17 1.28 3P 376.20 1.12 1.25 ]1.18[1.28| 330.2 389.7 0.02 | 4.55 0.87 3.48 | 0.012 | 0.86 [ 0.012
BRB6.0 H 9-9.5 1 2915 1 133.80 2P / 8P 2P 1.17 1.28 3P 376.20 1.12 1.25 |1.18]1.28| 330.2 389.7 0.02 | 4.56 0.87 3.49 | 0.012 ] 0.86 | 0.012
BRB6.0 H 9.5-10 1 2915 1 133.80 2P /8P 2P 1.17 1.28 3P 376.20 1.12 1.25 ]1.18[1.28| 330.2 389.7 0.02 | 4.55 0.87 3.48 | 0.012 | 0.86 [ 0.012
BRB2.0 H 10-10.5 2 2916 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.12 1.26 |1.13]11.35]| 116.1 131.2 0.02 | 435 0.85 3.26 | 0.011 | 0.84 [ 0.011
BRB2.0 H 10.5-11 2 2916 1 85.82 10P / 10P 10P 1.12 1.35 3P 376.20 1.12 1.26 ]1.13[1.35]| 116.1 131.2 0.02 | 4.35 0.85 3.26 | 0.011 ] 0.84 [ 0.011
BRB6.0 H 10-10.5 1 2917 1 133.80 2P / 8P 2P 1.17 1.28 3P 376.20 1.12 1.25 |1.18]1.28| 330.2 389.7 0.02 | 455 0.87 3.48 | 0.012 | 0.86 | 0.012
BRB6.0 H 10.5-11 1 2917 1 133.80 2P /8P 2P 1.17 1.28 3P 376.20 1.12 1.25 ]1.18[1.28| 330.2 389.7 0.02 | 4.55 0.87 3.48 | 0.012 ] 0.86 [ 0.012
BRB2.0 H 15-15.5 2 2918 1 85.82 10P / 10P 10P 1.13 1.36 3P 376.20 1.12 1.26 |1.13]11.36| 117.0 132.2 0.02 | 431 0.84 3.22 | 0.011 | 0.83 [ 0.011
BRB2.0 H 15.5-16 2 2918 1 85.82 10P / 10P 10P 1.13 1.36 3P 376.20 1.12 1.26 ]1.13[1.36] 117.0 132.2 0.02 | 431 0.84 3.22 | 0.011 ] 0.83 [ 0.011
BRB6.0 H 15-15.5 1 2919 1 133.80 2P / 8P 2P 1.17 1.28 3P 376.20 1.12 1.25 |1.18]1.28| 330.2 389.7 0.02 | 455 0.87 3.48 | 0.012 | 0.86 | 0.012
BRB6.0 H 15.5-16 1 2919 1 133.80 2P /8P 2P 1.17 1.28 3P 376.20 1.12 1.25 ]1.18[1.28] 330.2 389.7 0.02 | 4.55 0.87 3.47 | 0.012 ] 0.86 [ 0.012

Max 11.18]1.36
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Casing Buckling Summary Tables
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Buckling Calculation
Example Mark #: 2901
Line 2, Grid G-G.5, Level 1

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

2.0 DESIGN CRITERIA
Tip of gusset to tip of gusset is set as buckling length
Compresssion Strength Adjustment Factor
Strain Hardening Adjustment Factor
Upper Bound Yield Strength of Brace (As.'Fy-max)
Upper Bound Yield Stress of Core Material

Area of Steel Core

Ultimate Load (Adjusted Brace Strength in Compression): Pyc = (Pysc-max'B*®) = ABSc

Modulus of Elasticity
Model Brace as Pinned Both Ends (conservative)
Casing Moment of Inertia tiox1/4

2.1 Euler Buckling

Solving Euler's buckling equation for required moment of inertia:

_FSy - Puc - (k- Lyg)”

Ig 2E
Where:
FSg = Factor of Safety Against Buckling:
Verified by Testing
Unity Check:

Page 10 of 91

Fire Traffic
Lao: 208.56 in (5297 mm)
B: 1.12
w: 1.29
Pyscmant 322.5 kip (1435 kN)
Fyomax: 43 ksi (296 MPa)
Ay 7.50 in2 (4839 mm?2)
Py 465.9 kip (2073 kN)
E: 29000 ksi (199955 MPa)
k: 1.0
I 141.0 in4 (5869 cm*)
| Lg: 89.7in* | (3734cm¥)
FSg: 1.27
I 0.64 OK
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Engineering Public Works
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Fire Traffic
2.2 Global Stability (Notional Load Yield Line Method) - Asymmetrical Modes
See Zaboli (2018). Based on Takeuchi method - see references below.
N
! 1 Neu
! 9 1
" M- e i I .M, i o
b i M |
r I
e M, |
= Ly n/L
T M [ |
g M, ®
P a
o . M, ' | ® ? M 1
| i
} Ncy
Ney
In-Plane Out-of-Plane In-Plane Out-of-Plane
Over-the-Yield Line (OYL) - Asymmetrical Mode Under-the-Yield Line (UYL) - Asymmetrical Mode
2.2.1 NLYL Method Design Criteria
Overall Brace Length Lo: 222.25in (5645 mm)
Additional Out-of-Plane Force on BRB (aif assumed to go to each end): Fadd1-oop 0.0 kip (0 kN)
Initial Imperfection of Neck Insertion Zone Bo: 0.008 rad
Assumed Out-of-Plumbness of Brace: 8,,/Ly = 1/Xsm Xam: 500
Assumed Out-of-Flattness of Gusset Plate: 8q/Lg = 1/X5q X3q: 100
Values of x s, and x s, per Dowswell (2016) recommendations. Imperfection of Neck per Takeuchi (2014).
Initial Imperfection per Dowswell (2016)
Critical Gusset Dimensions: Top Gusset
Top Gusset is Chev? Chevrop: TRUE
Top Gusset is Stiffened? Stiffrop: FALSE
Is gusset stiffened sufficiently for Kb to be reduced? Can be "FALSE" even if stiffeners are present.
Stiffener Width Wit top* - -
Stiffener Thickness Eetiff top+ - -
Gusset Thickness tq.ton: 1.00in (25 mm)
Projected Stiffener Plastic Section Modulus (Proj per Dowswell. All stiff's combined.) Zsift top- - -
Yield Strength of Gusset Material Fya.top: 50 ksi (345 MPa)
Length from WL Intersection w/Beam or Col along WL to Tip of Brace Atop: 5.05in (128 mm)
Clear from Col to Lug Edge brop: 8.15in (207 mm)
Clear from Beam to Lug Edge Ctop: 2.05in (52 mm)
Controlling Bendline Length, Gusset Edge to Brace Tip: Bm Side L, top: 14.391in (366 mm)
Col Side L top: 19.64 in (499 mm)
Critical Gusset Dimensions: Bottom Gusset
Bottom Gusset is Chev? Viot! FALSE
Bottom Gusset is Stiffened? Stiffgor: FALSE
Is gusset stiffened sufficiently for Kb to be reduced? Can be "FALSE" even if stiffeners are present.
Stiffener Width Wittt bot: - -
Stiffener Thickness Ltifr bott - -
Gusset Thickness tq.bot: 1.00in (25 mm)
Projected Stiffener Plastic Section Modulus (Proj per Dowswell. All stiff's combined.) Zift ot - -



Yield Strength of Gusset Material Fya,bot: 50 ksi (345 MPa)

Length from WL Intersection w/Beam or Col along WL to Tip of Brace Apot: 8.93in (227 mm)
Clear from Col to Lug Edge bpot: 2.35in (60 mm)
Clear from Beam to Lug Edge Chot: 13.78 in (350 mm)
Controlling Bendline Length, Gusset Edge to Brace Tip: Bm Side Lp,bot: 17.23in (438 mm)

Col Side Lepot: 17.40 in (442 mm)

Core Dimensions and Properties

Ultimate Stress of Core Material Fusc: 66 ksi (455 MPa)
Core Width at Neck Section Wi 6.00 in (152 mm)
Core Thickness toe: 1.25in (32 mm)
Neck Insertion Length for Out-of-Plane Buckling Direction Lin: 12.49in (317 mm)

Note that L ,,/W, = Embedment Ratio = 2.08

Lug and Bolt Pattern Dimensions

Width of Lug Plate W 8.88in (225 mm)
Width of Lug at Neck Section Wi 7.44 in (189 mm)
Length of Lug on Gusset Measured to Square Projection L'q: 15.25in (387 mm)
Transition Length, W, to W, a: 4.00 in (102 mm)
Stroke Length, End of Transition to Casing c 3.00 in (76 mm)
Lug Thickness o t: 0.75in (19 mm)
Yield Strength of Lug Material pevelopyénh & pemiifiySerdces Fy: 50 ksi (345 MPa)
Ultimate Strength of Lug Material Building FuL: 65 ksi (448 MPa)
Number of Bolts in Inner Row Along Brace Axis Engineering | | Public Works | n;: 4
Number of Bolts in Outer Row Along Brace Axis Fre || Tamo | No: 0
Bolt Spacing s: 4.00 in (102 mm)
Plate Edge to CL of Bolt €perp' 1.63in (41 mm)
Restrainer (Casing) Size and Properties
Restrainer Section Name Section: t10x1/4
Yield Stress of Casing Material Fyc: 46 ksi (317 MPa)
Youngs Modulus of Casing Material E.: 29000 ksi (199955 MPa)
Casing is Square/Rectangular? Sqcas: TRUE
Casing Height (Dimension Viewed in Elevation) He: 10.00 in (254 mm)
Casing Width (Dimension Viewed in Plan & Overall Dimension for p Sections) W,: 10.00 in (254 mm)
Casing Thickness te: 0.251in (6 mm)
Factor on Adjusted Brace Strength Fpuc: 1.0
Capacity Reduction Factor, .y, Oneves 1.0

Equal to 1.0 per Takeuchi (2014). Lower values can be used.
Zaboli (2018) is even more conservative than Takeuchi even with ¢ = 1.0.

2.2.2 NLYL Global Stability Method
Overstrength Compression Force in the Core of the BRB: N, = Fpy'Pyc [\ 465.9 kip (2073 kN)
NLYL Method Uses: N” ., = Overstrength Compression Capacity of the BRB. This requires an iterative solution.
The variant used here checks demand vs capacity based on applied load (Pu).

Length from End of Casing to Yield Line at Tip of Brace: §Ly=a+c+L' g &Ly 22.25in (565 mm)
Destabilizing Factor for OYL Method: § = &Lo/Lg & 0.100
Effective Length Factor for Brace including Gusset Stiffness Effect: k Kp: 1.00

If Stiffro, AND Stiffg, = TRUE, ky = 0.7
If Stiffrop AND Stiffse = FALSE, ky = 1.0
If Stiffro, OR Stiffo; = FALSE, k, = 0.85

Stiffened Gusset Factor, A = 1.19 for Stiffened Gusset or 1.0 for Unstiffened Gusset Atop: 1.00
Abot: 1.00
Global Elastic Buckling Capacity of BRB, Incl Effect of Gusset PL: N°,=r?"EI/(ky"Lo)* N 817.0 kip (3634 kN)
Effective Width in Compression: by, = 2*Lg,"tan(Bgisp)+ (W —2"€perp)
Lug Lap on Gusset: Lg=IF(n;>n,,(ni-1)s,(n,—0.5)'s) Lg: 12.00 in (305 mm)
Dispersion Angle at Top Gusset B0isp, top* 30.0°
Dispersion Angle at Bottom Gusset Bisp, bot: 40.0°

Dispersion angle based on 30° for V or Chev, 40° otherwise per NLYL Methodology.

Effective Compression Width, Top Gusset bya,top: 19.48 in (495 mm)
Effective Compression Width, Bottom Gusset Baa,bot: 25.76 in (654 mm)
Average Gusset Buckling Length: L, = min[(a+min(b,c))/2, (a+b+c)/3] Lave.top: 3.55in (90 mm)
See Dowswell (2006) and Zaboli (2018) Lave,bot: 5.64 in (143 mm)
Nominal Axial Capacity of Gusset Plate: N% = bg,'ty Fyq N% top: 974.1 kip (4333 kN)
N pot: 1288.2 kip (5730 kN)
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Euler Buckling Capacity of Gusset Plate: Ne = n%*E*(bga'ta>/12)/Lave’ Netop 36871.9 kip (164014 kN)

Ne ot 19316.6 kip (85924 kN)
Plastic Moment Capacity of Gusset Plates —
Total Bendline Length: by = Ly+Le bevelopment & Permiting Servies Bt top: 34.03in (864 mm)
o % v Bat,bot: 34.64 in (880 mm)
Plastic Section Modulus: Z; = bgs't,2/4 + Zgie ool oo | Zgtop: 8.51in3 (139421 mm?3)
= — Zq bot: 8.66 in (141903 mm?)
Plastic Moment Capacity: M%,, =Z;'Fyq M9, top: 425 k-in (48.1 kN-m)
M9, bot: 433 k-in (48.9 kN-m)
Reduced Plastic Moment Capacity of Gusset Plate Including Axial Force Effect: M, top: 328 k-in (37.1 kN-m)
MO = A iy MI [1-(N*cu/ (v N%S))2] 2 0 MO, bott 376 k-in (42.5 kN-m)
Axial Yield Strength of Neck at Web Zone: N",,=2(W;—ts) 't 'F,. Ny 464.2 kip (2065 kN)
Axial Yield Strength of Neck: N, =W, te' Fymaxt2* (Wi—ts) t"Fy . [\ 786.7 kip (3500 kN)
Axial Ultimate Strength of Neck: N", =W, ts'Fys+2° (Wi—ts) tFuy N",: 1098.5 kip (4886 kN)
OOP Plastic Section Modulus of Steel Core (W,) at Neck Section: Z.coo=ts" Wi*/4 Ziwt,00p- 11.3in3 (184354 mm?3)
OOP Plastic Section Modulus of Lugs (W;) at Neck Sect: Zu1 ooo=[Wi-tee] (2t +ts)*t,2)/4 Zw1,000" 8.1in3 (133134 mm?3)
totg t
HAAFAH
ooP
— b I W,
H——F
Wt
Section at Neck
Out-of-Plane Plastic Moment Capacity of Neck: M",, =Zuwr 000" Fymax*Zw1.000" Fy.L M",: 890 k-in (100.5 kN-m)
Reduced Restrainer Moment Transfer Capacity Determined by Neck + Core M, eckitop: 729.9 k-in (82.5 kN-m)
Plate, Including Axial Force Effect. Mgy eckbot; 729.9 k-in (82.5 kN-m)
Mo ™% = i "My T1=(N e/ (Onv " (N"))*]
Exponent, exp = 2.0 Use N', if Gst is Not Stiffened? FALSE

Per Takeuchi (2014), N" , is used in the denominator. Other methods use N” , in the denominator if the gusset is unstiffened.

Plastic Section Modulus of Restrainer, Z,, Zpp: 35.7 in3 (584301 mm?3)
Square / Rectangular Section: Z,=Hq W 2/4—(H—2-t,) (W —2-t.)%/4
Round Casing Section: Z,,= W, /6—(W—2t.)*/6

Nominal Plastic Moment Capacity of Restrainer: M',, =Z,"Fyc M7y 1640 k-in (185.3 kN-m)

Embed Length Calibration Factor: o', = 4.15-1.5*(Lin/Wy) = 4.15-1.5-Lio/W; = 1.5 o'y 1.50
See Takeuchi (2014). While this increases as embedment ratio (L ;,/W.) decreases, the net effect of a decreasing
embedment ratio decreases M,""**, and this factor only slows the decrease.

Distance between the shear force application point and the outer surface of the restraint tube, a
See Matsui (2010) for calculation of square and round restrainer properties.

Sg/Rect Casing: a = (H-—W)/2 a: 1.28in (33 mm)
Round Casing: a = (W.-W,)/2 5
+—F
a a
ooP oop
-— W1 Hc -— 1 Wc
- a a
+—F +—F
Wt Wt
B H—F
WC WC
Square Restrainer Round Restrainer

Distance between the Core Plate Surface and the Shear Force Application Point when the
Shear Force is not Present, ,. Not Applicable to Square/Rect Restrainers.
See Matsui (2010) and Takeuchi (2017). Egn from Takeuchi (2017) Ch 4
Bo=W,/2"sin[cos }((W—2"a)/(W-2"t))] O: 3.11in (79 mm)

The Lateral Deflection of the Restraint Tube at the In-Plane Stress Yielding. Not
Applicable to Square/Rect Restrainers.
See Matsui (2010) and Takeuchi (2017). Egn from Takeuchi (2017) Ch 4

8, =V[(m W F,o/(4-Eo)+W,/2-cos ™" (We-2a)/(W —2t,)))*—a’] B, 3.121in (79 mm)
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Elastic Rotational Stiffness of Restrainer about Rib End:
Round Casing: Keri round = 2*Fuc'te Lin/(3-V[a?+8,%1)3,/(8,~3p) = 0

Square/Rect Casing: Keriret = EcHe't Lin /(3 (2'Hea®=3-a")) = 0

Post-Yielding Rotational Stiffness of Restrainer about Rib End:
Round Casing: Kgr2,round = 0
Square/Rect Casing: Kprprect = 0.11°Fyc'H* (Lin/We)3 = 0

Yield Angle of Circular Casing: 6y, round=(dy—=00)/Lin

Pseudo Initial Yield Angle of the Rect Casing: 6',;=0.00164"(F,c/Ecasing)' (Ho/te) (Wy/Lin)

Angle at Which Plastic Hinge Occurs: szzHJLin'V[(FVJ(Z'Ecasina))z+(a'FVC/(Hc'Ecasim))]
See Matsui (2010) and Takeuchi (2017) ch 4

Reduced Restrainer Moment Transfer Capacity Determined by Restrainer Section at Rib:
Round Casing: MDr—rest = MIN[Mrszro'Ker,Round'ev.Round]
Square/Rect Casing: My " = MIN[M', @'y’ (Kr1 rect©'vi+Kr2.rect” (8,2=0'11))]

Controlling Restrainer Moment Transfer Capacity: M, = Min{M," "*%*"°, M}

Top End of Brace Controlled By: Neck Capacity
Bottom End of Brace Controlled By: Neck Capacity

2.2.3 Over the Yield Line (OYL) Global Buckling Capacity
Total Initial Imperfection with Plastic Hinge at End of Casing: 6; oy
6;,0v.=0m/Lo+04/La+6o
Moment Amplification Factor to Account for 2nd Order Effects: &g oy
8s0n=1/(1-N"a/N°:)=1.0

Reports as "Error” if result is is less than 1.0, which occurs when applied load (N* ) exceeds BRB elastic buckling capacity (N° ,.).

Notional Load Applied at Brace End: Noyi=N"c.'60vi + Faddr-00p/2

NéLybs < (1 — ZE)Mp‘g + M} Iterative Solution

N¢ L6
g
(1—2H)MS + M}y

DCR

City of Puyallup
Development & Permitting Services

Demand: D = Noy ELods oy ISSUED PERMIT
Capacity: Cip = (1-25)M%, 10p + M7 10 EB‘_’""'”?
ngineerin 'ublic Works
Chot = (I'ZE)Mgp,bot + Mrp,bot S 2

Fire Traffic

Stability Index (SI): D/Coy. = D/[Min{Ciop,Chot}]

2.2.4 Under the Yield Line (UYL) Global Buckling Capacity
Total Initial Imperfection with Plastic Hinge at End of Casing: 6; yy.
8.un.=0m/Lo+2"8¢/Lq+6y
Moment Amplification Factor to Account for 2nd Order Effects: &g oy,
Os.uvLton= 1/(1_N*cu/Ne.ton) =2 1.0
Os.uvLbot= 1/(1_N*cu/Ne.hot) 21.0

Reports as "Error” if result is is less than 1.0, which occurs when applied load (N* ., ) exceeds gusset elastic buckling capacity (N ).

Notional Load Applied at Brace End: NUYL=N*CU'6LUYL + Fagd-oop/2

Total Length, Lr=Lae bot*+Lo+Lave,Top
Destabilizing Factor for UYL Method: n=(1-Ly/Ly)/2

_ g g NLayels *
NLayeds0 = (2 —2n)My= M, = (za—zen)s =My
My
—5 <10 Stability Index (SI)
M,

*

Mxy,ton = NUYL'Lave,ton'65,UYL,tup/(2'2n)
M'y,bot = NuyL"Lave ot Bs,uvt,bot/ (2-2N)

DCR = max{M*v,ton/MgD,tuDrM*v,ton/MgD,tuD}
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KRrr1,Round* 2317773 k-in (2.62E+05 kN-m)
rad (rad)
Kgr1,Rect! 86784 k-in (9.80E+03 kN-m)
rad (rad)
Kre2,Rect: 45616 k-in (5.15E+03 kN-m)
rad (rad)
By, Round: 0.000477 rad
0'y;: 0.000050 rad
6,2: 0.011428 rad
My et 785 k-in (88.7 kN-m)
M, o0t 729.9 k-in (82.5 kN-m)
M pou 729.9 k-in (82.5 kN-m)
BiovLt 0.0200 rad
s ovL 2.3272
Novi: 9.3 kip (41 kN)
D: 482.7 k-in (54.5 kN-m)
Ceop! 992.2 k-in (112.1 kN-m)
Chot! 1030.8 k-in (116.5 kN-m)
SIoy.: 0.49 OK
Biuv: 0.0300 rad
s, u¥L top 1.013
s u¥L bot: 1.025
Novi: 14.0 kip (62 kN)
Ly 231.44 in (5879 mm)
n: 0.020

Iterative Solution

M, tont 25.6 k-in (2.9 kN-m)
M, bt 41.2 k-in (4.7 kN-m)
STy 0.08 oK
Syt 0.11 0K
SIyy.: 0.11 OK




City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Interaction Equation Form of General Solution:

Engineering m
* 2 M * Fire Traffic
— )+ — <1 Interaction Equation
oNI ApM?
S zy
Interaction equation will produce results that equal 1.0 at for same value of N*cu as the UYL Inty,,: 0.29 OK
DCR equation but it is less senstive (less volatile) to small changes in N*cu. Neither the DCR Intyo: 0.23 OK
nor the Int Egn produces results that are linear with respect to N*cu (i.e. a Int Eqn value = I Intyy,: 0.29 OK
0.5 is not capableof handling 2x N*cu). An interaction eqn solution is not possible for the OYL method.
2,2.5 NLYL Summary
Global stability in the Asymmetrical Mode is controlled by the OYL: SIoy.: 0.49 OK
lesser of the capacities determined by the OYL and UYL methods. uYL: SIyy.: 0.11 OK
UYLt Intyy,: 0.29 OK
| Summary: 0K |

2.2.6 References N
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Takeuchi, T. Ozaki, H. Matsuj, R. & Sutcu, F. (2014), Out-of-plane stability of buckling ined braces including moment transfer capacity, Earthquake Engineering & Structural
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Takeuchi, T. & Wada, A (2017), Buckling-r i braces and applications, Tokyo: The Japan Society of Seismic Isolation (JSSI), Chapter 4

Zaboli, B. Clifton, G.C. & Cowie K. (2018), BRBF and CBF gusset plates: Out-of-plane stability design using a simplified notional load yield line (NLYL) method.
Journal of the Structural Engineering Society of NZ, 31(1), 64-76
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE s I CASING BUCKLING CALCULATIONS

Engineering Public Works

Project: Puyallup PSB Fre Treffic
Location: Puyallup, WA
Job: 6910
. . . . . . - Section 2.1 Section 2.2.1 NLYL Method Design Criteria
Specimen ID and Location Casing Profile Section 2.0 Design Criteria Euler Buckling Overall Brace Length
EOR-ID | Line Grids Lvls Mark | Qty|Type| H. | W] t Lgg B Pyscmax | Fysomax | Asc Puc E k I le FS I Lo Faddt-o0p 8o 8m/Lo 8g/Lg
w
# # # # # in| in in in kips ksi in? kips ksi in* in* | Buckling| I, in kip rad rad rad
BRB7.5 2 G-G.5 1 2901 1 t 10| 10 [ 0.2500 | 208.56 | 1.12] 1.29 323 43.0 7.5 466 | 29000 1.0 141.0 | 89.7 1.27 0.64 222.3 0.0 0.008 0.002 0.010
BRB7.5 2 G.5-H 1 2901 1 t 10 | 10 [ 0.2500 | 208.56 | 1.12] 1.29 323 43.0 7.5 466 | 29000 1.0 141.0 | 89.7 1.27 0.64 222.3 0.0 0.008 0.002 0.010
BRB2.25 6 D-D.5 2 2902 1 t 8 8 10.2500 | 220.10 | 1.12[ 1.35 97 43.0 2.3 146 | 29000 1.0 70.7 314 1.27 0.44 227.3 0.0 0.003 0.002 0.010
BRB2.25 6 D.5-E 2 2902 1 t 8 8 | 0.2500 | 220.10 | 1.12 1.35 97 43.0 2.3 146 | 29000 1.0 70.7 314 1.27 0.44 227.3 0.0 0.003 0.002 0.010
BRB2.25 6 G-G.5 2 2903 1 t 8 8 10.2500 | 220.10 | 1.12[ 1.35 97 43.0 2.3 146 | 29000 1.0 70.7 314 1.27 0.44 227.3 0.0 0.003 0.002 0.010
BRB2.25 6 G.5-H 2 2903 1 t 8 8 | 0.2500 | 220.10 | 1.12 1.35 97 43.0 2.3 146 | 29000 1.0 70.7 314 1.27 0.44 227.3 0.0 0.003 0.002 0.010
BRB3.0 8 G-G.5 1 2904 1 t 8 8 10.2500 | 236.10 | 1.171.21 129 43.0 3.0 183 | 29000 1.0 70.7 45.1 1.27 0.64 243.3 0.0 0.005 0.002 0.010
BRB3.0 8 G.5-H 1 2904 1 t 8 8 | 0.2500 | 236.10 | 1.17 1.21 129 43.0 3.0 183 | 29000 1.0 70.7 45.1 1.27 0.64 243.3 0.0 0.005 0.002 0.010
BRB2.0 8 H-H.5 2 2905 1 t 8 8 10.2500 | 216.02 | 1.13[ 1.35 86 43.0 2.0 131 | 29000 1.0 70.7 27.1 1.27 0.38 223.3 0.0 0.003 0.002 0.010
BRB2.0 8 H.5-J 2 2905 1 t 8 8 | 0.2500 | 216.02 | 1.13 1.35 86 43.0 2.0 131 | 29000 1.0 70.7 27.1 1.27 0.38 223.3 0.0 0.003 0.002 0.010
BRB2.75 10 G-G.5 1 2906 1 t 8 8 1 0.2500 | 237.10 | 1.12|1.34 118 43.0 2.8 177 | 29000 1.0 70.7 44.2 1.27 0.62 244.3 0.0 0.003 0.002 0.010
BRB2.75 10 G.5-H 1 2906 1 t 8 8 | 0.2500 | 237.10 | 1.12| 1.34 118 43.0 2.8 177 | 29000 1.0 70.7 44.2 1.27 0.62 244.3 0.0 0.003 0.002 0.010
BRB2.75 11 D-D.5 2 2907 1 t 8 8 | 0.2500 | 204.10 | 1.14[ 1.36 118 43.0 2.8 183 | 29000 1.0 70.7 33.8 1.27 0.48 211.3 0.0 0.003 0.002 0.010
BRB2.75 11 D.5-E 2 2907 1 t 8 8 | 0.2500 | 204.10 | 1.14[ 1.36 118 43.0 2.8 183 | 29000 1.0 70.7 33.8 1.27 0.48 211.3 0.0 0.003 0.002 0.010
BRB2.0 13 C-C5 1 2908 1 t 8 8 |1 0.2500 | 237.02 | 1.12|1.34 86 43.0 2.0 129 | 29000 1.0 70.7 32.1 1.27 0.45 244.3 0.0 0.003 0.002 0.010
BRB2.0 13 C.5-D 1 2908 1 t 8 8 | 0.2500 | 237.02 | 1.12| 1.34 86 43.0 2.0 129 | 29000 1.0 70.7 32.1 1.27 0.45 244.3 0.0 0.003 0.002 0.010
BRB2.0 13 H-H.5 1 2909 1 t 8 8 |1 0.2500 | 237.02 | 1.12|1.34 86 43.0 2.0 129 | 29000 1.0 70.7 32.1 1.27 0.45 244.3 0.0 0.003 0.002 0.010
BRB2.0 13 H.5-) 1 2909 1 t 8 8 | 0.2500 | 237.02 | 1.12|1.34 86 43.0 2.0 129 | 29000 1.0 70.7 32.1 1.27 0.45 244.3 0.0 0.003 0.002 0.010
BRB2.75 15 H-H.5 2 2910 1 t 8 8 | 0.2500 | 204.10 | 1.14[ 1.36 118 43.0 2.8 183 | 29000 1.0 70.7 33.8 1.27 0.48 211.3 0.0 0.003 0.002 0.010
BRB2.75 15 H.5-J 2 2910 1 t 8 | 8 1 0.2500 | 204.10 | 1.14(1.36] 118 43.0 2.8 183 | 29000 1.0 70.7 33.8 1.27 0.48 2113 0.0 0.003 0.002 0.010
BRB2.0 D 3-3.5 2 2911 1 t 8 8 |1 0.2500 | 214.02 | 1.13[1.35 86 43.0 2.0 131 | 29000 1.0 70.7 26.6 1.27 0.38 221.3 0.0 0.003 0.002 0.010
BRB2.0 D 3.5-4 2 2911 1 t 8 8 | 0.2500 | 214.02 | 1.13[1.35 86 43.0 2.0 131 | 29000 1.0 70.7 26.6 1.27 0.38 221.3 0.0 0.003 0.002 0.010
BRB3.0 D 10-10.5 2 2912 1 t 8 8 |1 0.2500 | 237.10 | 1.18 1.26 129 43.0 3.0 192 | 29000 1.0 70.7 47.7 1.27 0.68 244.3 0.0 0.005 0.002 0.010
BRB3.0 D 10.5-11 2 2912 1 t 8 8 | 0.2500 | 237.10 | 1.18 1.26 129 43.0 3.0 192 | 29000 1.0 70.7 47.7 1.27 0.68 244.3 0.0 0.005 0.002 0.010
BRB6.0 D 10-10.5 1 2913 1 t 10| 10 [ 0.2500 | 244.17 | 1.18] 1.28 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB6.0 D 10.5-11 1 2913 1 t 10| 10 | 0.2500 | 244.17 | 1.18 | 1.28| 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB6.0 D 15-15.5 1 2914 1 t 10| 10 [ 0.2500 | 244.17 | 1.18] 1.28 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB6.0 D 15.5-16 1 2914 1 t 10| 10 | 0.2500 | 244.17 | 1.18 | 1.28| 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB6.0 H 9-9.5 1 2915 1 t 10| 10 [ 0.2500 | 244.17 | 1.18] 1.28 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB6.0 H 9.5-10 1 2915 1 t 10| 10 | 0.2500 | 244.17 | 1.18 | 1.28| 258 43.0 6.0 390 | 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB2.0 H 10-10.5 2 2916 1 t 8 8 | 0.2500 | 240.02 | 1.13[1.35 86 43.0 2.0 131 | 29000 1.0 70.7 33.5 1.27 0.47 247.3 0.0 0.003 0.002 0.010
BRB2.0 H 10.5-11 2 2916 1 t 8 8 | 0.2500 | 240.02 | 1.13 [ 1.35 86 43.0 2.0 131 | 29000 1.0 70.7 33.5 1.27 0.47 247.3 0.0 0.003 0.002 0.010
BRB6.0 H 10-10.5 1 2917 1 t 10| 10 [ 0.2500 | 244.17 | 1.18] 1.28 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB6.0 H 10.5-11 1 2917 1 t 10| 10 [ 0.2500 | 244.17 | 1.18 ] 1.28 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB2.0 H 15-15.5 2 2918 1 t 8 8 | 0.2500 | 238.02 | 1.13[ 1.36 86 43.0 2.0 132 | 29000 1.0 70.7 33.1 1.27 0.47 245.3 0.0 0.003 0.002 0.010
BRB2.0 H 15.5-16 2 2918 1 t 8 | 8 | 0.2500 | 238.02 | 1.13[ 1.36 86 43.0 2.0 132 | 29000 1.0 70.7 33.1 1.27 0.47 245.3 0.0 0.003 0.002 0.010
BRB6.0 H 15-15.5 1 2919 1 t 10| 10 [ 0.2500 | 244.17 | 1.18] 1.28 258 43.0 6.0 390 [ 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
BRB6.0 H 15.5-16 1 2919 1 t 10 ] 10 | 0.2500 | 244.17 | 1.18|1.28| 258 43.0 6.0 390 | 29000 1.0 141.0 | 102.8 1.27 0.73 258.3 0.0 0.008 0.002 0.010
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building Iﬂning

Engineering Public Works

Fire Traffic

CASING BUCKLING CALCULATIONS

Specimen ID and Location

Section 2.2.1 NLYL Method Design Criteria

Critical Gusset Dimensions for Top Gusset

Critical Gusset Dimensions for bottom Gusset

. . IsChev | stiffened IsV Stiffened
EOR-ID Line Grids Lvis Mark Qty Ton G:lsseetn-?op Wsﬂff,g,top tstiff,g,top tg,top Zg,top Fyg,top atop btop Ctop Lb,top Lc,top Bot Gulss:tn:ot Wstiff,g,bot tstiff,g,bot tg,bot zg,bot Fyg,bot Apot bbot Chot Lb,bot Lc,bot
# # # # # T/F T/F in in in in3 ksi in in in in in T/F T/F in in in in3 ksi in in in in in
BRB7.5 2 G-G.5 1 2901 1 TRUE FALSE - - 1.0 8.5 50 5.0 8.2 21 14.4 19.6 FALSE FALSE - - 1.0 8.7 50.0 8.9 2.3 13.8 17.2 17.4
BRB7.5 2 G.5-H 1 2901 1 TRUE FALSE - - 1.0 8.5 50 5.0 8.1 2.0 14.4 19.6 FALSE FALSE - - 1.0 8.7 50.0 8.9 2.4 13.8 17.2 17.4
BRB2.25 6 D-D.5 2 2902 1 TRUE FALSE - - 1.0 5.8 50 4.7 7.4 23 9.6 13.7 FALSE FALSE - - 1.0 5.2 50.0 5.8 2.2 3.2 10.0 11.0
BRB2.25 6 D.5-E 2 2902 1 TRUE FALSE - - 1.0 5.8 50 4.7 7.4 23 9.6 13.7 FALSE FALSE - - 1.0 5.6 50.0 5.8 2.3 3.2 11.2 11.0
BRB2.25 6 G-G.5 2 2903 1 TRUE FALSE - - 1.0 5.9 50 4.9 7.5 24 9.7 13.8 FALSE FALSE - - 1.0 5.6 50.0 5.8 2.3 3.2 11.2 11.0
BRB2.25 6 G.5-H 2 2903 1 TRUE FALSE - - 1.0 5.9 50 4.9 7.5 24 9.7 13.8 FALSE FALSE - - 1.0 5.6 50.0 5.8 2.3 3.2 11.2 11.0
BRB3.0 8 G-G.5 1 2904 1 TRUE FALSE - - 1.0 5.7 50 5.4 6.0 3.0 9.7 12.9 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.1 14.8 10.6 11.1
BRB3.0 8 G.5-H 1 2904 1 TRUE FALSE - - 1.0 5.6 50 5.1 5.8 2.8 9.6 12.8 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.1 14.8 10.7 11.1
BRB2.0 8 H-H.5 2 2905 1 TRUE FALSE - - 1.0 5.9 50 5.3 8.0 2.8 9.7 14.0 FALSE FALSE - - 1.0 5.5 50.0 7.5 2.5 4.7 11.1 11.0
BRB2.0 8 H.5-J 2 2905 1 TRUE FALSE - - 1.0 5.9 50 5.3 8.0 2.8 9.7 14.0 FALSE FALSE - - 1.0 5.5 50.0 7.5 2.5 4.7 11.1 11.0
BRB2.75 10 G-G.5 1 2906 1 TRUE FALSE - - 1.0 5.5 50 4.6 5.6 24 9.4 12.7 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.1 14.8 10.7 11.1
BRB2.75 10 G.5-H 1 2906 1 TRUE FALSE - - 1.0 5.5 50 4.4 5.5 2.2 9.4 12.6 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.1 14.8 10.7 11.1
BRB2.75 11 D-D.5 2 2907 1 TRUE FALSE - - 1.0 6.5 50 5.2 10.8 2.6 9.9 16.0 FALSE FALSE - - 1.0 5.6 50.0 6.3 5.3 35 10.2 12.0
BRB2.75 11 D.5-E 2 2907 1 TRUE FALSE - - 1.0 6.5 50 5.2 10.8 2.5 9.9 16.0 FALSE FALSE - - 1.0 5.7 50.0 6.3 2.3 3.5 11.7 11.0
BRB2.0 13 C-C5 1 2908 1 TRUE FALSE - - 1.0 5.5 50 4.7 5.8 2.6 9.4 12.7 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.2 14.9 10.5 11.0
BRB2.0 13 C.5-D 1 2908 1 TRUE FALSE - - 1.0 5.5 50 4.7 5.8 2.6 9.4 12.7 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.2 14.9 10.5 11.0
BRB2.0 13 H-H.5 1 2909 1 TRUE FALSE - - 1.0 5.5 50 4.6 5.7 2.4 9.3 12.6 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.2 14.9 10.5 11.0
BRB2.0 13 H.5-J 1 2909 1 TRUE FALSE - - 1.0 5.5 50 4.6 5.7 24 9.3 12.6 FALSE FALSE - - 1.0 5.4 50.0 8.2 2.2 14.9 10.5 11.0
BRB2.75 15 H-H.5 2 2910 1 TRUE FALSE - - 1.0 6.5 50 5.3 10.8 2.6 9.9 16.0 FALSE FALSE - - 1.0 5.6 50.0 6.3 5.3 35 10.2 12.0
BRB2.75 15 H.5-J 2 2910 1 TRUE FALSE - - 1.0 6.5 50 5.1 10.8 2.5 9.9 16.0 FALSE FALSE - - 1.0 5.7 50.0 6.3 2.3 3.5 11.7 11.0
BRB2.0 D 3-35 2 2911 1 TRUE FALSE - - 1.0 5.9 50 5.0 8.1 2.5 9.7 14.0 FALSE FALSE - - 1.0 5.5 50.0 6.5 2.1 3.7 11.2 10.8
BRB2.0 D 3.5-4 2 2911 1 TRUE FALSE - - 1.0 5.9 50 5.3 8.1 2.8 9.7 14.0 FALSE FALSE - - 1.0 5.5 50.0 6.5 2.1 3.7 11.2 10.8
BRB3.0 D 10-10.5 2 2912 1 TRUE FALSE - - 1.0 6.4 50 6.0 11.1 2.8 10.3 15.1 FALSE FALSE - - 1.0 6.3 50.0 5.5 10.6 23 10.3 15.1
BRB3.0 D 10.5-11 2 2912 1 TRUE FALSE - - 1.0 6.4 50 5.7 11.1 24 10.4 15.1 FALSE FALSE - - 1.0 6.3 50.0 5.5 10.6 2.3 10.3 15.1
BRB6.0 D 10-10.5 1 2913 1 TRUE FALSE - - 1.0 8.9 50 5.9 12.7 2.7 14.7 21.1 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
BRB6.0 D 10.5-11 1 2913 1 TRUE FALSE - - 1.0 8.9 50 5.9 12.7 2.7 14.7 21.1 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
BRB6.0 D 15-15.5 1 2914 1 TRUE FALSE - - 1.0 8.9 50 5.5 12.5 2.4 14.7 20.9 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
BRB6.0 D 15.5-16 1 2914 1 TRUE FALSE - - 1.0 8.9 50 5.5 12.5 24 14.7 20.9 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
BRB6.0 H 9-9.5 1 2915 1 TRUE FALSE - - 1.0 9.0 50 6.2 12.9 2.9 14.8 21.2 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
BRB6.0 H 9.5-10 1 2915 1 TRUE FALSE - - 1.0 8.9 50 5.8 12.6 2.6 14.7 21.0 FALSE FALSE - - 1.0 8.9 50.0 7.0 2.4 10.7 18.4 17.4
BRB2.0 H 10-10.5 2 2916 1 TRUE FALSE - - 1.0 6.3 50 5.7 10.6 2.7 10.1 15.1 FALSE FALSE - - 1.0 5.9 50.0 5.6 7.5 2.5 10.1 13.3
BRB2.0 H 10.5-11 2 2916 1 TRUE FALSE - - 1.0 6.3 50 5.3 10.6 2.2 10.1 15.1 FALSE FALSE - - 1.0 6.3 50.0 5.6 10.6 25 10.1 15.1
BRB6.0 H 10-10.5 1 2917 1 TRUE FALSE - - 1.0 8.9 50 5.4 12.4 2.4 14.6 20.8 FALSE FALSE - - 1.0 8.9 50.0 7.0 2.4 10.7 18.4 17.4
BRB6.0 H 10.5-11 1 2917 1 TRUE FALSE - - 1.0 8.9 50 5.4 12.4 23 14.6 20.8 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
BRB2.0 H 15-15.5 2 2918 1 TRUE FALSE - - 1.0 6.3 50 5.8 11.3 2.6 10.3 15.0 FALSE FALSE - - 1.0 6.3 50.0 5.5 10.7 24 10.1 15.0
BRB2.0 H 15.5-16 2 2918 1 TRUE FALSE - - 1.0 6.3 50 6.2 11.2 3.1 10.3 15.0 FALSE FALSE - - 1.0 6.3 50.0 5.5 10.7 24 10.1 15.0
BRB6.0 H 15-15.5 1 2919 1 TRUE FALSE - - 1.0 8.9 50 5.5 12.5 2.4 14.7 20.9 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
BRB6.0 H 15.5-16 1 2919 1 TRUE FALSE - - 1.0 8.9 50 5.4 12.4 24 14.6 20.8 FALSE FALSE - - 1.0 8.6 50.0 7.0 2.4 10.7 18.4 16.1
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City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Buildini lannin
//COREBRACE e [WmE  CASING BUCKLING CALCULATIONS
Project: Puyallup PSB Fre Treffic
Location: Puyallup, WA
Job: 6910
Specimen ID and Location Section 2.2.1 NLYL Method Design Criteria
Core Dimensions and Properties Lug and Bolt pattern Dimensions Casing Size and Properties Strength Factors
EOR-ID Line Grids Lvis Mark Qty Fusc W, o Lin Ezobzd W, W, L'y a c t Fy Fu n; ne s €perp Casing Fy Ecing | Casing is H, W, t. . o
PUC
# # # # # ksi in in in Ratio in in in in in in ksi ksi # # in in Size ksi ksi Sa/Rect? in in in

BRB7.5 2 G-G.5 1 2901 1 66.0 6.0 1.250 12.5 2.1 8.9 7.4 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB7.5 2 G.5-H 1 2901 1 66.0 6.0 1.250 12.5 2.1 8.9 7.4 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB2.25 6 D-D.5 2 2902 1 66.0 4.3 0.750 18.0 4.2 7.4 3.7 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.25 6 D.5-E 2 2902 1 66.0 4.3 0.750 18.0 4.2 7.4 3.7 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.25 6 G-G.5 2 2903 1 66.0 4.3 0.750 18.0 4.2 7.4 3.7 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.25 6 G.5-H 2 2903 1 66.0 4.3 0.750 18.0 4.2 7.4 3.7 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB3.0 8 G-G.5 1 2904 1 66.0 4.0 0.750 9.3 2.3 7.4 4.4 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB3.0 8 G.5-H 1 2904 1 66.0 4.0 0.750 9.3 2.3 7.4 4.4 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 8 H-H.5 2 2905 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 8 H.5-) 2 2905 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.75 10 G-G.5 1 2906 1 66.0 5.0 0.750 18.6 3.7 7.4 4.1 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.75 10 G.5-H 1 2906 1 66.0 5.0 0.750 18.6 3.7 7.4 4.1 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.75 11 D-D.5 2 2907 1 66.0 5.0 0.750 18.6 3.7 7.4 4.1 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.75 11 D.5-E 2 2907 1 66.0 5.0 0.750 18.6 3.7 7.4 4.1 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 13 C-C.5 1 2908 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 13 C.5-D 1 2908 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 13 H-H.5 1 2909 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 13 H.5-J 1 2909 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.75 15 H-H.5 2 2910 1 66.0 5.0 0.750 18.6 3.7 7.4 4.1 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.75 15 H.5-J 2 2910 1 66.0 5.0 0.750 18.6 3.7 7.4 4.1 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 D 3-3.5 2 2911 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 D 3.5-4 2 2911 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB3.0 D 10-10.5 2 2912 1 66.0 4.0 0.750 9.3 2.3 7.4 4.4 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB3.0 D 10.5-11 2 2912 1 66.0 4.0 0.750 9.3 2.3 7.4 4.4 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB6.0 D 10-10.5 1 2913 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB6.0 D 10.5-11 1 2913 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB6.0 D 15-15.5 1 2914 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB6.0 D 15.5-16 1 2914 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB6.0 H 9-9.5 1 2915 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB6.0 H 9.5-10 1 2915 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB2.0 H 10-10.5 2 2916 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 H 10.5-11 2 2916 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB6.0 H 10-10.5 1 2917 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB6.0 H 10.5-11 1 2917 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB2.0 H 15-15.5 2 2918 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB2.0 H 15.5-16 2 2918 1 66.0 4.4 0.625 17.8 4.1 7.1 3.6 8.3 4.0 3.0 0.5 50.0 65.0 2 0 5.0 1.6 t8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0
BRB6.0 H 15-15.5 1 2919 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
BRB6.0 H 15.5-16 1 2919 1 66.0 6.0 1.000 11.8 2.0 7.6 6.7 15.3 4.0 3.0 0.8 50.0 65.0 4 0 4.0 1.6 t10x1/4 46.0 29000 TRUE 10.0 10.0 0.25 1.00 1.0
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE s I CASING BUCKLING CALCULATIONS

Engineering Public Works

Project: Puyallup PSB Fre Treffic
Location: Puyallup, WA
Job: 6910
. . Section 2.2.2 NLYL Global Stability Method
Specimen ID and Location -
General Design Parameters
EOR-ID Line Grids Lvis Mark Qty N*cu ELO E A A NBcr Lg edisp,top edisp,bot bga,top bga,bot Lave,top Lave,bot Ngs,top
top bot

# # # # # kip in kip in degree degree in in in in kip
BRB7.5 2 G-G.5 1 2901 1 466 22.25 0.10 1.00 1.00 817 12.0 30 40 19.5 25.8 3.5 5.6 974
BRB7.5 2 G.5-H 1 2901 1 466 22.25 0.10 1.00 1.00 817 12.0 30 40 19.5 25.8 3.5 5.6 974
BRB2.25 6 D-D.5 2 2902 1 146 15.25 0.07 1.00 1.00 392 5.0 30 40 9.9 12.5 3.5 3.7 495
BRB2.25 6 D.5-E 2 2902 1 146 15.25 0.07 1.00 1.00 392 5.0 30 40 9.9 12.5 3.5 3.7 495
BRB2.25 6 G-G.5 2 2903 1 146 15.25 0.07 1.00 1.00 392 5.0 30 40 9.9 12.5 3.6 3.7 495
BRB2.25 6 G.5-H 2 2903 1 146 15.25 0.07 1.00 1.00 392 5.0 30 40 9.9 12.5 3.6 3.7 495
BRB3.0 8 G-G.5 1 2904 1 183 15.25 0.06 1.00 1.00 342 5.0 30 40 9.9 12.5 4.2 5.2 495
BRB3.0 8 G.5-H 1 2904 1 183 15.25 0.06 1.00 1.00 342 5.0 30 40 9.9 12.5 3.9 5.2 495
BRB2.0 8 H-H.5 2 2905 1 131 15.25 0.07 1.00 1.00 406 5.0 30 40 9.6 12.3 4.0 4.9 482
BRB2.0 8 H.5-J 2 2905 1 131 15.25 0.07 1.00 1.00 406 5.0 30 40 9.6 12.3 4.0 4.9 482
BRB2.75 10 G-G.5 1 2906 1 177 15.25 0.06 1.00 1.00 339 5.0 30 40 9.9 12.5 3.5 5.2 495
BRB2.75 10 G.5-H 1 2906 1 177 15.25 0.06 1.00 1.00 339 5.0 30 40 9.9 12.5 33 5.2 495
BRB2.75 11 D-D.5 2 2907 1 183 15.25 0.07 1.00 1.00 453 5.0 30 40 9.9 12.5 3.9 4.9 495
BRB2.75 11 D.5-E 2 2907 1 183 15.25 0.07 1.00 1.00 453 5.0 30 40 9.9 12.5 3.8 4.0 495
BRB2.0 13 C-C5 1 2908 1 129 15.25 0.06 1.00 1.00 339 5.0 30 40 9.6 12.3 3.7 5.2 482
BRB2.0 13 C.5-D 1 2908 1 129 15.25 0.06 1.00 1.00 339 5.0 30 40 9.6 12.3 3.7 5.2 482
BRB2.0 13 H-H.5 1 2909 1 129 15.25 0.06 1.00 1.00 339 5.0 30 40 9.6 12.3 3.5 5.2 482
BRB2.0 13 H.5-) 1 2909 1 129 15.25 0.06 1.00 1.00 339 5.0 30 40 9.6 12.3 3.5 5.2 482
BRB2.75 15 H-H.5 2 2910 1 183 15.25 0.07 1.00 1.00 453 5.0 30 40 9.9 12.5 4.0 4.9 495
BRB2.75 15 H.5-) 2 2910 1 183 15.25 0.07 1.00 1.00 453 5.0 30 40 9.9 12.5 3.8 4.0 495
BRB2.0 D 3-3.5 2 2911 1 131 15.25 0.07 1.00 1.00 413 5.0 30 40 9.6 12.3 3.8 4.1 482
BRB2.0 D 3.5-4 2 2911 1 131 15.25 0.07 1.00 1.00 413 5.0 30 40 9.6 12.3 4.1 4.1 482
BRB3.0 D 10-10.5 2 2912 1 192 15.25 0.06 1.00 1.00 339 5.0 30 40 9.9 12.5 4.4 3.9 495
BRB3.0 D 10.5-11 2 2912 1 192 15.25 0.06 1.00 1.00 339 5.0 30 40 9.9 12.5 4.0 3.9 495
BRB6.0 D 10-10.5 1 2913 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 4.3 4.7 912
BRB6.0 D 10.5-11 1 2913 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 4.3 4.7 912
BRB6.0 D 15-15.5 1 2914 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 4.0 4.7 912
BRB6.0 D 15.5-16 1 2914 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 4.0 4.7 912
BRB6.0 H 9-9.5 1 2915 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 4.5 4.7 912
BRB6.0 H 9.5-10 1 2915 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 4.2 4.7 912
BRB2.0 H 10-10.5 2 2916 1 131 15.25 0.06 1.00 1.00 331 5.0 30 40 9.6 12.3 4.2 4.0 482
BRB2.0 H 10.5-11 2 2916 1 131 15.25 0.06 1.00 1.00 331 5.0 30 40 9.6 12.3 3.8 4.1 482
BRB6.0 H 10-10.5 1 2917 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 3.9 4.7 912
BRB6.0 H 10.5-11 1 2917 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 3.9 4.7 912
BRB2.0 H 15-15.5 2 2918 1 132 15.25 0.06 1.00 1.00 336 5.0 30 40 9.6 12.3 4.2 4.0 482
BRB2.0 H 15.5-16 2 2918 1 132 15.25 0.06 1.00 1.00 336 5.0 30 40 9.6 12.3 4.7 4.0 482
BRB6.0 H 15-15.5 1 2919 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 4.0 4.7 912
BRB6.0 H 15.5-16 1 2919 1 390 22.25 0.09 1.00 1.00 605 12.0 30 40 18.2 24.5 3.9 4.7 912
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

]ynfng

Engineering

Public Works

Fire

Traffic

CASING BUCKLING CALCULATIONS

Section 2.2.2 NLYL Global Stability Method

Specimen ID and Location Gusset Capacity Restrainer Capacity Based on Moment Capacity of Neck

EOR-ID Line Grids Lvls Mark | aty| N, Ne top Ne bot By, cop By ot Zgrop Zgpot Myiop | Miybor | Miosop | Mot Ny N", N", Zor Zyy M7, | M, P ekt

# # # # # kip kip kip in in in? in3 kip-in kip-in kip-in kip-in kip kip kip in3 in? kip-in kip-in kip-in
BRB7.5 2 G-G.5 1 2901 1 1288 36872 19317 34.0 34.6 8.51 8.66 425 433 328 376 464 787 1099 11.25 8.12 890 730 730
BRB7.5 2 G.5-H 1 2901 1 1288 37892 19301 34.0 34.6 8.50 8.66 425 433 328 376 464 787 1099 11.25 8.12 890 730 730
BRB2.25 6 D-D.5 2 2902 1 626 19353 21508 23.4 21.0 5.84 5.25 292 262 266 248 148 285 403 3.39 2.23 257 223 223
BRB2.25 6 D.5-E 2 2902 1 626 19261 21317 23.4 22.2 5.84 5.56 292 278 266 263 148 285 403 3.39 2.23 257 223 223
BRB2.25 6 G-G.5 2 2903 1 626 17802 21325 23.5 22.2 5.87 5.56 294 278 268 263 148 285 403 3.39 2.23 257 223 223
BRB2.25 6 G.5-H 2 2903 1 626 17802 21325 23.5 22.2 5.87 5.56 294 278 268 263 148 285 403 3.39 2.23 257 223 223
BRB3.0 8 G-G.5 1 2904 1 626 13290 11213 22.6 21.7 5.65 5.43 283 272 244 248 183 312 436 3.00 2.75 267 220 220
BRB3.0 8 G.5-H 1 2904 1 626 15385 11156 22.4 21.7 5.61 5.43 280 272 242 249 183 312 436 3.00 2.75 267 220 220
BRB2.0 8 H-H.5 2 2905 1 613 14121 12166 23.7 22.1 5.92 5.52 296 276 274 263 149 267 374 2.99 2.24 240 211 211
BRB2.0 8 H.5-) 2 2905 1 613 14183 12166 23.7 22.1 5.92 5.52 296 276 274 263 149 267 374 2.99 2.24 240 211 211
BRB2.75 10 G-G.5 1 2906 1 626 19610 11124 22.1 21.7 5.54 5.44 277 272 241 250 169 330 467 4.69 2.53 328 281 281
BRB2.75 10 G.5-H 1 2906 1 626 22056 11087 22.0 21.8 5.51 5.44 275 272 240 250 169 330 467 4.69 2.53 328 281 281
BRB2.75 11 D-D.5 2 2907 1 626 15307 12473 25.9 22.2 6.48 5.56 324 278 280 254 169 330 467 4.69 2.53 328 277 277
BRB2.75 11 D.5-E 2 2907 1 626 16040 18515 25.9 22.6 6.48 5.66 324 283 280 259 169 330 467 4.69 2.53 328 277 277
BRB2.0 13 C-C.5 1 2908 1 613 17200 10631 22.1 21.5 5.51 5.37 276 269 256 257 149 267 374 2.99 2.24 240 212 212
BRB2.0 13 C.5-D 1 2908 1 613 17200 10631 22.1 21.5 5.51 5.37 276 269 256 257 149 267 374 2.99 2.24 240 212 212
BRB2.0 13 H-H.5 1 2909 1 613 18675 10701 21.9 21.5 5.49 5.37 274 268 255 256 149 267 374 2.99 2.24 240 212 212
BRB2.0 13 H.5-) 1 2909 1 613 18675 10701 21.9 21.5 5.49 5.37 274 268 255 256 149 267 374 2.99 2.24 240 212 212
BRB2.75 15 H-H.5 2 2910 1 626 15048 12473 25.9 22.2 6.48 5.56 324 278 280 254 169 330 467 4.69 2.53 328 277 277
BRB2.75 15 H.5-) 2 2910 1 626 16333 18515 25.9 22.6 6.48 5.66 324 283 280 259 169 330 467 4.69 2.53 328 277 277
BRB2.0 D 3-3.5 2 2911 1 613 16101 17437 23.7 22.0 5.94 5.51 297 276 275 263 149 267 374 2.99 2.24 240 211 211
BRB2.0 D 3.5-4 2 2911 1 613 13942 17437 23.7 22.0 5.94 5.51 297 276 275 263 149 267 374 2.99 2.24 240 211 211
BRB3.0 D 10-10.5 2 2912 1 626 12300 19845 25.5 25.4 6.36 6.34 318 317 270 287 183 312 436 3.00 2.75 267 215 215
BRB3.0 D 10.5-11 2 2912 1 626 14572 19795 25.5 25.4 6.37 6.35 319 317 271 288 183 312 436 3.00 2.75 267 215 215
BRB6.0 D 10-10.5 1 2913 1 1226 23414 26548 35.8 34.5 8.95 8.63 447 431 366 388 424 682 947 9.00 7.42 758 630 630
BRB6.0 D 10.5-11 1 2913 1 1226 23526 26548 35.8 34.5 8.95 8.63 447 431 366 388 424 682 947 9.00 7.42 758 630 630
BRB6.0 D 15-15.5 1 2914 1 1226 27595 26457 35.5 34.5 8.88 8.62 444 431 363 388 424 682 947 9.00 7.42 758 630 630
BRB6.0 D 15.5-16 1 2914 1 1226 27595 26457 35.5 34.5 8.88 8.62 444 431 363 388 424 682 947 9.00 7.42 758 630 630
BRB6.0 H 9-9.5 1 2915 1 1226 21038 26646 35.9 34.5 8.98 8.63 449 431 367 388 424 682 947 9.00 7.42 758 630 630
BRB6.0 H 9.5-10 1 2915 1 1226 24622 26489 35.7 35.8 8.92 8.94 446 447 365 402 424 682 947 9.00 7.42 758 630 630
BRB2.0 H 10-10.5 2 2916 1 613 13276 17865 25.2 23.4 6.30 5.85 315 293 292 279 149 267 374 2.99 2.24 240 211 211
BRB2.0 H 10.5-11 2 2916 1 613 16246 17824 25.2 25.2 6.30 6.31 315 315 292 301 149 267 374 2.99 2.24 240 211 211
BRB6.0 H 10-10.5 1 2917 1 1226 28785 26569 35.5 35.8 8.86 8.94 443 447 362 402 424 682 947 9.00 7.42 758 630 630
BRB6.0 H 10.5-11 1 2917 1 1226 28936 26569 35.5 34.5 8.86 8.63 443 431 362 388 424 682 947 9.00 7.42 758 630 630
BRB2.0 H 15-15.5 2 2918 1 613 13195 18504 25.3 25.1 6.32 6.28 316 314 292 300 149 267 374 2.99 2.24 240 210 210
BRB2.0 H 15.5-16 2 2918 1 613 10576 18548 25.2 25.1 6.31 6.28 316 314 292 299 149 267 374 2.99 2.24 240 210 210
BRB6.0 H 15-15.5 1 2919 1 1226 27511 26500 35.5 34.5 8.88 8.62 444 431 363 388 424 682 947 9.00 7.42 758 630 630
BRB6.0 H 15.5-16 1 2919 1 1226 28628 26460 35.5 34.5 8.87 8.62 444 431 362 388 424 682 947 9.00 7.42 758 630 630
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

]ynfng

Engineering

Public Works

Fire

Traffic

CASING BUCKLING CALCULATIONS

Specimen ID and Location

Section 2.2.2 NLYL Global Stability Method

Section 2.2.3 Over the Yield Line (OYL) Global Buckling Capacity

Restrainer Capacity Based on Mom Txfr Cap of Rest Controlling Rest Cap Over the Yield Line Buckling (Asymm Mode)
EOR-ID Line Grids Lvls Mark Qty Zy M, . a 8o Ly Krri,round | Krra,Rect Kre2,Rect 6y Round 8'y1 6y2 |V|pFrESl M’ bot M', top Biov S50vt Novt | Stability Demand | Capacityyop | Capacitypor Stability
oy ndex Max Index
# # # # # in® kip-in in in in (k-in)/rad | (k-in)/rad | (k-in)/rad rad rad rad kip-in kip-in kip-in rad M Mag factor kip oYL kip-in kip-in kip-in oYL
BRB7.5 2 G-G.5 1 2901 1 35.7 1640 1.50 1.28 3.11 3.12 2317773 86784 45616 0.0005 | 0.000050| 0.0114 785 730 730 0.020 2.33 9.3 0.49 482.7 992.2 1030.8 0.5
BRB7.5 2 G.5-H 1 2901 1 35.7 1640 1.50 1.28 3.11 3.12 2317773 86784 45616 0.0005 | 0.000050| 0.0114 785 730 730 0.020 2.33 9.3 0.49 482.7 992.1 1030.9 0.5
BRB2.25 6 D-D.5 2 2902 1 22.5 1036 1.50 2.14 3.47 3.63 237828 74451 195492 0.0090 | 0.000020( 0.0092 1036 223 223 0.015 1.60 2.2 0.12 52.6 453.8 437.8 0.1
BRB2.25 6 D.5-E 2 2902 1 22.5 1036 1.50 2.14 3.47 3.63 237828 74451 195492 0.0090 | 0.000020( 0.0092 1036 223 223 0.015 1.60 2.2 0.12 52.6 453.8 450.5 0.1
BRB2.25 6 G-G.5 2 2903 1 22.5 1036 1.50 2.14 3.47 3.63 237828 74451 195492 0.0090 | 0.000020 | 0.0092 1036 223 223 0.015 1.60 2.2 0.12 52.6 455.1 450.6 0.1
BRB2.25 6 G.5-H 2 2903 1 22.5 1036 1.50 2.14 3.47 3.63 237828 74451 195492 0.0090 | 0.000020( 0.0092 1036 223 223 0.015 1.60 2.2 0.12 52.6 455.1 450.6 0.1
BRB3.0 8 G-G.5 1 2904 1 22.5 1036 1.50 1.79 3.23 3.32 61525 16083 32916 0.0096 | 0.000036( 0.0162 797 220 220 0.017 2.15 3.2 0.24 103.7 433.4 437.1 0.2
BRB3.0 8 G.5-H 1 2904 1 22.5 1036 1.50 1.79 3.23 3.32 61525 16083 32916 0.0096 | 0.000036( 0.0162 797 220 220 0.017 2.15 3.2 0.24 103.7 431.6 437.2 0.2
BRB2.0 8 H-H.5 2 2905 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021| 0.0094 1036 211 211 0.015 1.48 1.9 0.10 43.8 447.6 438.3 0.1
BRB2.0 8 H.5-) 2 2905 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021| 0.0094 1036 211 211 0.015 1.48 1.9 0.10 43.8 447.6 438.3 0.1
BRB2.75 10 G-G.5 1 2906 1 22.5 1036 1.50 1.94 3.34 3.46 365046 104458 133117 0.0063 | 0.000022 | 0.0084 1036 281 281 0.015 2.10 2.6 0.17 83.4 491.6 499.2 0.2
BRB2.75 10 G.5-H 1 2906 1 22.5 1036 1.50 1.94 3.34 3.46 365046 | 104458 | 133117 0.0063 | 0.000022 [ 0.0084 1036 281 281 0.015 2.10 2.6 0.17 83.4 490.5 499.3 0.2
BRB2.75 11 D-D.5 2 2907 1 22.5 1036 1.50 1.94 3.34 3.46 365046 104458 133117 0.0063 | 0.000022 | 0.0084 1036 277 277 0.015 1.68 2.7 0.14 68.9 516.5 494.6 0.1
BRB2.75 11 D.5-E 2 2907 1 22.5 1036 1.50 1.94 3.34 3.46 365046 104458 133117 0.0063 | 0.000022 | 0.0084 1036 277 277 0.015 1.68 2.7 0.14 68.9 516.5 498.5 0.1
BRB2.0 13 C-C.5 1 2908 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021| 0.0094 1036 212 212 0.015 1.61 1.9 0.11 47.1 435.8 436.4 0.1
BRB2.0 13 C.5-D 1 2908 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 | 0.0094 1036 212 212 0.015 1.61 1.9 0.11 47.1 435.8 436.4 0.1
BRB2.0 13 H-H.5 1 2909 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 | 0.0094 1036 212 212 0.015 1.61 1.9 0.11 47.1 434.7 436.2 0.1
BRB2.0 13 H.5-) 1 2909 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 | 0.0094 1036 212 212 0.015 1.61 1.9 0.11 47.1 434.7 436.2 0.1
BRB2.75 15 H-H.5 2 2910 1 22.5 1036 1.50 1.94 3.34 3.46 365046 104458 133117 0.0063 | 0.000022 | 0.0084 1036 277 277 0.015 1.68 2.7 0.14 68.9 516.5 494.6 0.1
BRB2.75 15 H.5-) 2 2910 1 22.5 1036 1.50 1.94 3.34 3.46 365046 | 104458 | 133117 0.0063 | 0.000022 [ 0.0084 1036 277 277 0.015 1.68 2.7 0.14 68.9 516.5 498.5 0.1
BRB2.0 D 3-3.5 2 2911 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 | 0.0094 1036 211 211 0.015 1.46 1.9 0.10 43.4 447.8 437.5 0.1
BRB2.0 D 3.5-4 2 2911 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 | 0.0094 1036 211 211 0.015 1.46 1.9 0.10 43.4 447.8 437.5 0.1
BRB3.0 D 10-10.5 2 2912 1 22.5 1036 1.50 1.79 3.23 3.32 61525 16083 32916 0.0096 | 0.000036( 0.0162 797 215 215 0.017 2.30 3.3 0.26 116.8 451.7 466.6 0.3
BRB3.0 D 10.5-11 2 2912 1 22.5 1036 1.50 1.79 3.23 3.32 61525 16083 32916 0.0096 | 0.000036 [ 0.0162 797 215 215 0.017 2.30 3.3 0.26 116.8 452.0 466.6 0.3
BRB6.0 D 10-10.5 1 2913 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053( 0.0138 824 630 630 0.020 2.81 8.0 0.53 498.3 932.3 950.6 0.5
BRB6.0 D 10.5-11 1 2913 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053 [ 0.0138 824 630 630 0.020 2.81 8.0 0.53 498.3 932.3 950.6 0.5
BRB6.0 D 15-15.5 1 2914 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053( 0.0138 824 630 630 0.020 2.81 8.0 0.54 498.3 930.3 950.6 0.5
BRB6.0 D 15.5-16 1 2914 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053 [ 0.0138 824 630 630 0.020 2.81 8.0 0.54 498.3 930.3 950.6 0.5
BRB6.0 H 9-9.5 1 2915 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053( 0.0138 824 630 630 0.020 2.81 8.0 0.53 498.3 933.5 950.7 0.5
BRB6.0 H 9.5-10 1 2915 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053 [ 0.0138 824 630 630 0.020 2.81 8.0 0.53 498.3 931.6 962.3 0.5
BRB2.0 H 10-10.5 2 2916 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021| 0.0094 1036 211 211 0.015 1.66 1.9 0.11 49.1 466.5 455.6 0.1
BRB2.0 H 10.5-11 2 2916 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 | 0.0094 1036 211 211 0.015 1.66 1.9 0.11 49.1 466.8 474.7 0.1
BRB6.0 H 10-10.5 1 2917 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053( 0.0138 824 630 630 0.020 2.81 8.0 0.54 498.3 929.6 962.3 0.5
BRB6.0 H 10.5-11 1 2917 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053 [ 0.0138 824 630 630 0.020 2.81 8.0 0.54 498.3 929.6 950.7 0.5
BRB2.0 H 15-15.5 2 2918 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 | 0.0094 1036 210 210 0.015 1.65 2.0 0.11 49.2 466.3 472.7 0.1
BRB2.0 H 15.5-16 2 2918 1 22.5 1036 1.50 2.20 3.51 3.68 212385 67895 173425 0.0098 | 0.000021 [ 0.0094 1036 210 210 0.015 1.65 2.0 0.11 49.2 466.0 472.6 0.1
BRB6.0 H 15-15.5 1 2919 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053( 0.0138 824 630 630 0.020 2.81 8.0 0.54 498.3 930.3 950.6 0.5
BRB6.0 H 15.5-16 1 2919 1 35.7 1640 1.55 1.67 3.57 3.62 230670 35547 38665 0.0042 | 0.000053 [ 0.0138 824 630 630 0.020 2.81 8.0 0.54 498.3 929.8 950.6 0.5
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Project: Puyallup PSB
Location: Puyallup, WA

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Development & Permitting Services

City of Puyallup
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Fire Traffic

CASING BUCKLING CALCULATIONS

Job: 6910
Specimen ID and Location Section 2.2.4 Under the Yield Line (UYL) Global Buckling Capacity Section 2.2.5
Under the Yield Line Buckling (Asymm Mode) Demand Capacity Ratio Interaction Equation NLYL Summary
. . * * Stability | Stability | Stability <
EOR-ID Line Grids Luls Mark atyl O Bsuvipor Ssuvcop N br n Miytop [ M ypot Index Index Index INteop INtyot IntyyL SlovL Sluve Intyy, Check <1
# # # # # rad M Mag factor | M Mag factor kip in kip-in kip-in Top Bot UYL OK/NG
BRB7.5 2 G-G.5 1 2901 1 0.03 1.02 1.01 14.0 2314 0.02 25.6 41.2 0.08 0.11 0.11 0.3 0.2 0.3 0.49 0.11 0.29 OK
BRB7.5 2 G.5-H 1 2901 1 0.03 1.02 1.01 14.0 231.4 0.02 25.3 41.2 0.08 0.11 0.11 0.3 0.2 0.3 0.49 0.11 0.29 OK
BRB2.25 6 D-D.5 2 2902 1 0.02 1.01 1.01 3.6 234.5 0.02 6.5 6.9 0.02 0.03 0.03 0.1 0.1 0.1 0.12 0.03 0.11 OK
BRB2.25 6 D.5-E 2 2902 1 0.02 1.01 1.01 3.6 234.5 0.02 6.5 6.9 0.02 0.03 0.03 0.1 0.1 0.1 0.12 0.03 0.11 OK
BRB2.25 6 G-G.5 2 2903 1 0.02 1.01 1.01 3.6 234.6 0.02 6.8 6.9 0.03 0.03 0.03 0.1 0.1 0.1 0.12 0.03 0.11 OK
BRB2.25 6 G.5-H 2 2903 1 0.02 1.01 1.01 3.6 234.6 0.02 6.8 6.9 0.03 0.03 0.03 0.1 0.1 0.1 0.12 0.03 0.11 OK
BRB3.0 8 G-G.5 1 2904 1 0.03 1.02 1.01 5.0 252.6 0.02 10.9 134 0.04 0.05 0.05 0.2 0.1 0.2 0.24 0.05 0.17 OK
BRB3.0 8 G.5-H 1 2904 1 0.03 1.02 1.01 5.0 252.3 0.02 10.1 13.4 0.04 0.05 0.05 0.2 0.1 0.2 0.24 0.05 0.17 OK
BRB2.0 8 H-H.5 2 2905 1 0.02 1.01 1.01 3.3 232.2 0.02 6.8 8.2 0.02 0.03 0.03 0.1 0.1 0.1 0.10 0.03 0.10 OK
BRB2.0 8 H.5-J 2 2905 1 0.02 1.01 1.01 3.3 232.2 0.02 6.7 8.2 0.02 0.03 0.03 0.1 0.1 0.1 0.10 0.03 0.10 OK
BRB2.75 10 G-G.5 1 2906 1 0.02 1.02 1.01 4.4 252.9 0.02 7.8 11.7 0.03 0.05 0.05 0.2 0.1 0.2 0.17 0.05 0.16 OK
BRB2.75 10 G.5-H 1 2906 1 0.02 1.02 1.01 4.4 252.7 0.02 7.3 11.7 0.03 0.05 0.05 0.2 0.1 0.2 0.17 0.05 0.16 OK
BRB2.75 11 D-D.5 2 2907 1 0.02 1.01 1.01 4.5 220.1 0.02 9.2 11.5 0.03 0.05 0.05 0.2 0.1 0.2 0.14 0.05 0.17 OK
BRB2.75 11 D.5-E 2 2907 1 0.02 1.01 1.01 4.5 219.1 0.02 8.9 9.3 0.03 0.04 0.04 0.2 0.1 0.2 0.14 0.04 0.16 OK
BRB2.0 13 C-C5 1 2908 1 0.02 1.01 1.01 3.2 253.2 0.02 6.0 8.7 0.02 0.03 0.03 0.1 0.1 0.1 0.11 0.03 0.09 OK
BRB2.0 13 C.5-D 1 2908 1 0.02 1.01 1.01 3.2 253.2 0.02 6.0 8.7 0.02 0.03 0.03 0.1 0.1 0.1 0.11 0.03 0.09 OK
BRB2.0 13 H-H.5 1 2909 1 0.02 1.01 1.01 3.2 253.0 0.02 5.8 8.6 0.02 0.03 0.03 0.1 0.1 0.1 0.11 0.03 0.09 OK
BRB2.0 13 H.5-J 1 2909 1 0.02 1.01 1.01 3.2 253.0 0.02 5.8 8.6 0.02 0.03 0.03 0.1 0.1 0.1 0.11 0.03 0.09 OK
BRB2.75 15 H-H.5 2 2910 1 0.02 1.01 1.01 4.5 220.1 0.02 9.3 11.5 0.03 0.05 0.05 0.2 0.1 0.2 0.14 0.05 0.17 OK
BRB2.75 15 H.5-) 2 2910 1 0.02 1.01 1.01 4.5 219.1 0.02 8.9 9.3 0.03 0.04 0.04 0.2 0.1 0.2 0.14 0.04 0.16 OK
BRB2.0 D 3-3.5 2 2911 1 0.02 1.01 1.01 3.3 229.1 0.02 6.3 6.8 0.02 0.03 0.03 0.1 0.1 0.1 0.10 0.03 0.10 OK
BRB2.0 D 3.5-4 2 2911 1 0.02 1.01 1.01 3.3 229.4 0.02 6.8 6.8 0.02 0.03 0.03 0.1 0.1 0.1 0.10 0.03 0.10 OK
BRB3.0 D 10-10.5 2 2912 1 0.03 1.01 1.02 5.2 252.5 0.02 11.9 10.4 0.04 0.04 0.04 0.2 0.1 0.2 0.26 0.04 0.19 OK
BRB3.0 D 10.5-11 2 2912 1 0.03 1.01 1.01 5.2 252.2 0.02 10.9 10.5 0.04 0.04 0.04 0.2 0.1 0.2 0.26 0.04 0.18 OK
BRB6.0 D 10-10.5 1 2913 1 0.03 1.01 1.02 11.9 267.3 0.02 26.5 28.8 0.07 0.07 0.07 0.2 0.2 0.2 0.53 0.07 0.24 OK
BRB6.0 D 10.5-11 1 2913 1 0.03 1.01 1.02 11.9 267.2 0.02 26.4 28.8 0.07 0.07 0.07 0.2 0.2 0.2 0.53 0.07 0.24 OK
BRB6.0 D 15-15.5 1 2914 1 0.03 1.01 1.01 11.9 266.9 0.02 24.3 28.8 0.07 0.07 0.07 0.2 0.2 0.2 0.54 0.07 0.24 OK
BRB6.0 D 15.5-16 1 2914 1 0.03 1.01 1.01 11.9 266.9 0.02 24.3 28.8 0.07 0.07 0.07 0.2 0.2 0.2 0.54 0.07 0.24 OK
BRB6.0 H 9-9.5 1 2915 1 0.03 1.01 1.02 11.9 267.5 0.02 28.0 28.7 0.08 0.07 0.08 0.2 0.2 0.2 0.53 0.08 0.25 OK
BRB6.0 H 9.5-10 1 2915 1 0.03 1.01 1.02 11.9 267.2 0.02 25.8 28.8 0.07 0.07 0.07 0.2 0.2 0.2 0.53 0.07 0.24 OK
BRB2.0 H 10-10.5 2 2916 1 0.02 1.01 1.01 3.3 255.5 0.02 7.0 6.7 0.02 0.02 0.02 0.1 0.1 0.1 0.11 0.02 0.10 OK
BRB2.0 H 10.5-11 2 2916 1 0.02 1.01 1.01 3.3 255.1 0.02 6.3 6.7 0.02 0.02 0.02 0.1 0.1 0.1 0.11 0.02 0.09 OK
BRB6.0 H 10-10.5 1 2917 1 0.03 1.01 1.01 11.9 266.8 0.02 23.8 28.7 0.07 0.07 0.07 0.2 0.2 0.2 0.54 0.07 0.24 OK
BRB6.0 H 10.5-11 1 2917 1 0.03 1.01 1.01 11.9 266.8 0.02 23.7 28.7 0.07 0.07 0.07 0.2 0.2 0.2 0.54 0.07 0.24 OK
BRB2.0 H 15-15.5 2 2918 1 0.02 1.01 1.01 3.3 253.4 0.02 7.0 6.7 0.02 0.02 0.02 0.1 0.1 0.1 0.11 0.02 0.10 OK
BRB2.0 H 15.5-16 2 2918 1 0.02 1.01 1.01 3.3 253.9 0.02 7.9 6.7 0.03 0.02 0.03 0.1 0.1 0.1 0.11 0.03 0.10 OK
BRB6.0 H 15-15.5 1 2919 1 0.03 1.01 1.01 11.9 266.9 0.02 24.3 28.8 0.07 0.07 0.07 0.2 0.2 0.2 0.54 0.07 0.24 OK
BRB6.0 H 15.5-16 1 2919 1 0.03 1.01 1.01 11.9 266.8 0.02 23.8 28.8 0.07 0.07 0.07 0.2 0.2 0.2 0.54 0.07 0.24 OK
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

P Building ]ynfng
uya I I u p F S B Engineering || Public Works
Fire Traffic

Calculation Submittal Package

Description

Section 3. Brace End Connection Sample Calculation
End Connection Summary Table
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Brace Connection

Example Mark #: 2901

Line 2, Grid G-G.5, Level 1

Welding to be completed by an individual or fabricator
who is WABO certified or approved by the Building
Official to perform the work. All welds must be inspected
and approved by a WABO certified special inspector.

CORE PLATE

LUG PLATE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fire Traffic

WELD CONFIGURATION

3.0 DESIGN CRITERIA
Compresssion Strength Adjustment Factor
Strain Hardening Adjustment Factor

Area of (Yielding) Steel Core (as Spec'd on Drawings)
Upper Bound Compressive Yield Stress of Core Material
Note:
Ry factor not applicable since Fy of core material will
be established based on results of coupon tests.

Core Plate Ultimate Tensile Strength
Based on Coupon Test History

Axial Design Load:
Connection Strain Hardening Factor

Pysc-max = Asc'Fy-max
Pur-max = CF'Pysc-max.m
Pucmax = CF'Pysc-max'B'm

Example Mark #:
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2901

- WELD D,

T GUSSET PLATE

WELD Dy
PLASTIC HINGE

B: 1.12
: 1.29
Ag: 7.50 in2
Fy-maxt 43 ksi
Fusc: 66 ksi
CF: 1.00
Pysc-max: 322.5 kip
PuT»max: 416.0 kip
PuC-max: 465.9 kip

(4839 mm?2)
(296 MPa)

(455 MPa)

(1435 kN)
(1851 kN)
(2073 kN)



Core Dimensions: At Lug Connection W, 6.00 in
Lug Dimensions: ~ Width of Lug Plate W, 8.88in
At Extension Exit from Casing (Transv. Stiffener) Wi 7.44 in
Plate Edge to CL of Bolt e: 1.63in
City of Puyallup
Bolt Specifications: Number of Bolts in Inside Row Development & Permitting Services n;: 4
ISSUED PERMIT
Number of Bolts in Outside Row Building mm No: 0
Total Number of Bolts at Each End 2(n; + n,) Engneering || Public Works | Np: 8
Fire Traffic
Bolt Spacing s: 4.00 in
Bolt Gage g: 0.00 in
Bolt Diameter dp: 1.125in
Standard Bolt Hole «ds = dy + Xgq Xsg = 1/8 " (3.2mm) d: 1.250 in
Slip Plane (Single Shear = 1, Double Shear = 2) ng: 2
3.1.0 Bolt Shear - LRFD 3.6
LRFD Resistance Factor Oy 0.75
Bolt Shear Strength F,, = F;,*0.625*%0.9*TCF*CLF Fov: 64.8 ksi
0.625 = Vy//T Ratio, 0.9 = Base Connection Length Factor for Non-Uniformity of Loading
Bolt Grade and Ultimate Tensile Strength for Shear Gr A490/F3148 Fub: 144 ksi
Bolt Thread Condition (N = Include, X = Exclude) BTC: N
Thread Condition Factor TCF: IF BTC = "X" then 1.0, IF BTC = "N" then 0.8 TCF: 0.80
Connection Length Factor Table J3.2 Note b (ForL’,, > 38") CLF: 1.00
Connection Length L'g: 12.00 in
Bolt Shear Capacity  ¢r, = ¢,FynAp ory: 96.6 kip
Bolt Area A, = ndy2/4 Ap: 0.994 in2
Bolt Group Shear Strength R, = (n; + ny):2-¢r, oR,: 772.9 kip
Demand-Capacity Ratio
DCRshear=Puc-max/Ry I DCRshear! 0.60
3.2.0 Bolt Friction - LRFD 13.8
LRFD Resistance Factor for Slip Os: 0.85
Min Bolt Tensile Area Aty min = 1/4°(d-0.9743/n)2, where n = threads/in Atp min 0.763 in2
Factor for fillers he 1.00
Mean Slip Coefficient T8 0.30
Bolt Pretension Adjustment Factor, fr Gr A490/F3148 fr: 1.04
Accounts for fact that some bolt grades, such as F3148, have a specified Tb greater than that
associated with Fub alone. If the combined grade A490/F3148 is specified and A490's are used,
then Tb would be equal to that for the grade and FnV would be conservatively low by 1/f ;.
Fastener Tension Ty, = 0.7"ft"Fup"Atb_min Ty: 80 kip
Bolt Tension Factor Dy: 1.13
Bolt Slip Capacity ors = dspDyhfTyNg org: 46.2 kip
Bolt Group Slip Capacity  ¢Rs = ny"¢rs ORs: 369.5 kip
Demand-Capacity Ratio
I:)CRSIipz Pysc-max/q)Rs I DCRs\ip: 0.87
3.3.0 Bearing Strength at Bolt Holes - LRFD J3.10
LRFD Resistance Factor for Bearing or Tearout Porg-v: 0.75
3.3.1 Bearing Strength at Gusset Plate
Additional Diameter of Hole in Gusset Plate 0vSg: 0.191in
Thickness of Gusset Plate: tq: 1.00 in
Thickness of Repad Plate for Design: t: 0.00 in
Gusset Plate Tensile Strength Fug: 65 ksi
Clear Distance Between Edge of Bolt Holes
Lesg = S - (dg + ovsg) Lesq 2.563 in
Number of Occurances of L per Side
If n, = 0 Then n = n; - 1, Otherwise ng = n; - Y2+ ny - 1 Nes: 3.0
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(152 mm)
(225 mm)

(189 mm)
(41 mm)

(102 mm)
(0 mm)

(29 mm)
(32 mm)

(447 MPa)

(993 MPa)

(305 mm)

(430 kN)
(641 mm?2)

(3438 kN)

(492 mm?2)

(356 kN)

(205 kN)

(1644 kN)

(5 mm)
(25 mm)
(0 mm)

(448 MPa)

(65 mm)



Clear Distance Between Plate Edge and Bolt Hole
Leeq = € - (ds + 0vs,)/2 Leeq: 0.906 in

Number of Occurances of L per Side YT

If n, = 0 Then ne = 1, Otherwise n, = 2 Development & Permitting Services Nee: 1.0
ISSUED PERMIT

Clear Distance of Bolt Group Leg = 2°(Nee’Leeq + Nes'Lesq) Engineinol | IEUBRorks | Leg: 17.19in
Gusset Plate Bearing Strength at Bolt Holes fre Treffc
®Rn-brg = Min of: ORp-brq: 1005.5 kip
Obrgl.2'Leg" (tg+2t) Fug = 1005.5 kip (Clear Dist/Tear-Out Controlled)
Pbra2.4°dp Ny (tg+2) Fyg = 1053.0 kip (Bearing/Ovalization Controlled)

Bearing Strength Stress Ratio

DCRbrg-g = Puc-max/¢bran-brg I DCRbrg-g: 0.46

Slip checked at serviceability limit state.

3.3.2 Bearing Capacity at Lug Plates

Additional Diameter of Holes in Lug Beyond Standard Hole Diam ovs.: 0.00 in
Lug Plate Thickness L 0.75in
Lug Plate Tensile Strength FuL: 65 ksi
Clear Distance Between Edge of Bolt Holes

L, = S - (ds + ovsy) Les: 2.750 in
Clear Distance Between Plate Edge and Bolt Hole

Lee = € - (ds + 0VS,)/2 Leet: 1.000 in
Clear Distance of Bolt Group L¢ = 2*(Nee'Leel + Nes'Lest) Lot 18.50 in

Lug Plate Bearing Strength at Bolt Holes

®Rq.brg = Min of: I oRuog: 1579.5 kip |
Oprgl 2Lt Fung = 1623.4kip (7221 kN)  (Clear Dist/Tear-Out Controlled)
Pora2.4"dp Nyt Fy'ng = 1579.5kip (7026 kN)  (Bearing/Ovalization Controlled)

Bearing Strength Stress Ratio

DCRyrg-L = Puc-max/PorgRn-brg I DCRprgL! 0.29

3.3.3 Combined Bolt Bearing/Tear-out/Bolt Shear at Lug and Gusset (Bolt by Bolt Method)
Extreme (Edge) Bolts - "Edge Bolts" Use Lceg, "Field Bolts" use Lcsg

Brace in Tension (T):
Free Edge Bolt when: Lug Field Bolt (LFB) or Gusset Edge Bolt (GEB)
Other Edge Bolt when: Lug Edge Bolt (LEB) or Gusset Edge Bolt (GFB)

Brace in Compression (C):
Free Edge Bolt when: Lug Field Bolt (LFG) or Gusset Edge Bolt (GFB)
Other Edge Bolt when: Lug Field Bolt (LFG) or Gusset Edge Bolt (GFB)

At all Conditions Check Min of Bearing, Edge Tear-out, and Bolt Shear

Gusset
G. Edge Bolts on n; Row:  prq-y’(tg+2t,) Fug"MIN[1.2"Leeq, 2.4°dp] GEB;: 53.0 kip
G. Edge Bolts on ny RoW:  prg-y* (tg+2t) Fug"MIN[1.2"(Lceq+0.55), 2.4"dp] GEB,,: 0.0 kip
GEB Capacity = 0 Unless n, > 0
G. Field Bolts on nj ROW:  (prg-y*(tg+2t) Fug"MIN[1.2"Legg, 2.4°dp] GFB,;: 131.6 kip
G. Field Bolts on ng ROW:  prq-v" (tg+2t,) Fuq"MIN[1.2*(Legq+0.55), 2.4°dy] GFBpo: 0.0 kip
GFB Capacity = 0 Unless n, > 0
Lug
L. Edge Bolts on n; Row:  §prg.y'ty Fu " MIN[1.2"Lee, 2.4°dp]*2Lugs LEB,,;: 87.8 kip
L. Edge Bolts on n, Row:  §pq.y'tL Fu "MIN[1.2°(Lee +0.55), 2.4:dp]*2Lugs LEBpo: 0.0 kip
LEB Capacity = 0 Unless n, > 0
L. Field Bolts on n; Row:  §prq-v'ti Fu"MIN[1.2°Lg, 2.4°dp]*2Lugs LFBy;: 197.4 kip
L. Field Bolts on n, Row:  §prg-y't Fu "MIN[1.2°(Leg +0.5s), 2.4*d,]*2Lugs LFB,,: 0.0 kip

LFB Capacity = 0 Unless n, > 0
Sum of Extreme Bolt Capacities (at each end of each line):
Tension: 2[MIN(LFB, ¢r, or GEB,¢r,) + MIN(LEB,¢r, or GFB,¢r,)] OR,TE! 281.5 kip
Compression:  2[2*MIN(LFB, ¢r, or GFB, ¢r,)] OR-ce: 386.5 kip
Note Brace in Compression Results in "Field Bolt" Condition for all Extreme Bolts
Sum of Remaining Field Bolt Capacities:
At Gusset:  2[MAX(n;i-2,0)*min(GFBy;,¢r,) + MAX(ny-2,0)*min(GFB,,, ¢ry)]: OR-GF: 386.5 kip
At Lug: 2[MAX(n;i-2,0)*min(LFB,;,¢r,) + MAX(n,-2,0)*min(LFB,,,¢r,)]: OR-LF: 386.5 kip
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(23 mm)

(437 mm)

(4473 kN)

(0 mm)
(19 mm)

(448 MPa)

(70 mm)

(25 mm)

(470 mm)

(7026 kN)

(236 kN)
(0 kN)

(585 kN)
(0 kN)

(390 kN)
(0 kN)

(878 kN)
(0 kN)

(1252 kN)
(1719 kN)

(1719 kN)
(1719 kN)



Total Tension Capacity at Gusset: City of Puyallup ORy16: 668.0 kip (2971 kN)
Total Compression Capacity at Gusset: B S A A ORnca: 772.9 kip (3438 kN)
Total Tension Capacity at Lug: Building OR7 668.0 kip (2971 kN)
Total Compression Capacity at Lug: Engineering || Public Works ORn-cL: 772.9 kip (3438 kN)
Fire Traffic

Bearing/Tearout Strength Stress Ratio:

DCRbrg/Tear-G = MAX(Puc-max/¢Rn-CGrPuT-max/¢Rn-TG) DCRbrg/Tear-G: 0.62

DCRbrg/Tear-L = MAX(Puc-maxM)Rn-CL/ PuT-max/¢Rn-TL) DCRbrg/Tear-L: 0.62

3.4.0 Tension Rupture Strength - LRFD D4 STRAIGHT PATH STRAIGHT PATH
L e , s , s (mstg:O) p € L, S p S V (mstq:O)

1 1 | 1 \

1 |
4 o o——

oOCP o O
©

N

I
= | = I ‘ 1
G
——STAGGERED PATH
\C) O O CP e o> (nr=4, mstg:2)
O |
L L
LUG PLATE (n>0,n0=0) LUG PLATE (n>0,n0>0)
LRFD Resistance Factor for Tension Rupture o 0.75
Thickness of Yielding Core tect 1.25in (32 mm)
Shear Lag Factor (Table D3.1 Case 2) u: 0.94
Overslot in Lug for Gusset OSL,: 0.19in (5 mm)
Net Area Subject to Tension (Use AISC D3 for Staggered Bolt Net Area)
Number of Rows of Bolts If n, = 0, then n, = 2, otherwise n, = 4 n: 2
Stagger Adjustment Term (AISC D4.3b)
If n, = 0, then stg = 0, otherwise stg = (s/2)2/(4g) stg 0.00 in (0 mm)
Number of Staggers ng, = n, - 2 Nstg: 0
Net Area of Lug Transverse to Line of Force
Staggerd Path: Ayup; = 2t [WL - n'(ds + ovs, + 1/16) + ngqstg] Antibi: 9.38 in2 (6048 mm?2)
Straight Path: Anupx = 2t [W, - 2*(ds + ovs, + 1/16)] Antibx: 9.38 in2 (6048 mm?2)
Antts = Min(Aneib1, Antibx) Antib: 9.38 in2 (6048 mm?)
Net Area of Lug Stiffener
Antie = toc [Wy - (t + 27t + OSLg)] At 4.14 in2 (2671 mm?2)
Lug Plate Tension Rupture Strength
ORutr = Ot U(Fur"Antis + Fuse Antic) I Ryt 625.6 kip I (2783 kN)
Tension Rupture Stress Ratio
DCRyr = Pytmax/ORn-tr I DCRy: 0.67 I
3.5.0 Block Rupture Strength - LRFD J4.3
LRFD Resistance Factor Ppik: 0.75
Block Shear Shear-Lag Factor Ups: 1.00

3.5.1 Gusset Block Rupture Strength

TENSION
YIELD LINE

BLOCK RUPTURE
LINE

GUSSET PLATE
Gusset Plate Yield Strength Fyg: 50 ksi (345 MPa)

Gusset Plate Edge Distance e: 1.63in (41 mm)
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Gross Area Subject to Shear

If
n,=0
Ne = N
Otherwise

Agvg = 2'Lgug'(tg + 2°%)

Net Area Subject to Shear

Then

qu-q =(n-1)ys+e
Lava = (No-1)'s + V[(s/2)2 + g2] + e
Lavq = (No= ¥2)'s + V[(s/2)> + g2] +

Number of Bolt Holes in Shear Path
If n, =0, Then np.q = n; - 2, Otherwise Np,q = Ny + V2

Length to be RLyy.q = (ds + 0vSq + 1/16) Npaqg

Anvg = Agvq = 2'Lnvg'(tg + 2°1)

Gross Area Subject to Tension
Lotq =W -2'(e + g)
Note: g =0ifn, =0
Agtq = Lara'(tg + 2°t)

Net Area Subject to Tension
Lt-q = (ds + ovs, + 1/16)

Ant-q = Agtg - Litg'(tg + 2°)

Gusset Plate Block Rupture Strength
0.6 Fyq"Anvq
0.6"Fyq"Agv-q

Shear Rupture Term
Shear Yield Term

Tension Rupture Term  Ups'Fuq'Antq

ORpbikg = S[MIN(SRT, SYT) + TRT]

Block Shear Strength Stress Ratio at Gusset

DCRbkag = Put—max/¢’Rn—bIk—g

3.5.2 Lug Plates Block Rupture Strength
e

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Public Works

Engineering

Fire Traffic

=) =)

Wi

=<

T

O &)

~

BLOCK RUPTURE LINE

R e © S )

o @

Lug Plate Yield Strength

Gross Area Subject to Shear
If
n,=0
Otherwise

Ag-L = 4'Lov'te

Net Area Subject to Shear

Then

LUG PLATE

Lyr=(ni-1)s+e
Lot = (M- 1)'s + V[(s/2)2 + g2] + e

If no =0, Then ny, = n; - Y2, Otherwise Ny, = n; + 2

Lot = (ds+ ovs, + 1/16)'npay

AL = Agut -l 't

Gross Area Subject to Tension
AgL = 4rety

Net Area Subject to Tension
Lo = (ds + ovs, + 1/16)/2

AntL = Age - LneL 't 4

Lug Plate Block Rupture Strength
Shear Rupture Term
Shear Yield Term

0-G'FUL'Anv-L
0.6'Fy Aqe

Tension Rupture Term  Ups'Fy "AntL

®Rn-pier = G[MIN(SRT, SYT) + TRT]
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Lova: 13.63 in (346 mm)
At 27.25 in2 (17581 mm?)
Nna-q: 3.5
Lovg: 5.25in (133 mm)
Anvgl 16.75 in2 (10806 mm?)
Lateg: 5.63 in (143 mm)
Ageq: 5.63 in2 (3629 mm?2)
Lot-gt 1.50in (38 mm)
Aneq: 4.13 in2 (2661 mm?2)
SRT: 653.3 kip (2906 kN)
SYT: 817.5 kip (3636 kN)
TRT: 268.1 kip (1193 kN)

| 9Rbig: 691.0 kip | (3074 kN)

| DCRyjg: 0.60 |

-

Fot 50 ksi (345 MPa)
Lovi: 13.63 in (346 mm)
Agi: 40.88 in2 (26371 mm?2)
Npa-L: 3.5
Lovt: 4,59 in (117 mm)
AnvL: 27.09 in2 (17480 mm?2)
Agel: 4.88 in2 (3145 mm?2)
Loer: 0.66 in (17 mm)
AL 2.91 in2 (1875 mm?2)
SRT: 1056.7 kip (4700 kN)
SYT: 1226.3 kip (5455 kN)
TRT: 188.9 kip (840 kN)

L 934.2kip | (4155 kN)




Block Shear Strength Stress Ratio at Lug
DCRyjt = Put-max/ORn-pikL | DCRyy.: 0.45 |

3.6.0 Weld Design -
Assume plastic hinge forms in core just outside casing to accommodate story drift rotation & Weldi ng to be com pleted by an

individual or fabricator who is WABO
certified or approved by the Building
Official to perform the work. All welds
must be inspected and approved by a
WABO certified special inspector.

City of Puyallup
Development & Permitting Services
ISSUED PERMIT
NP Building
Engineering Public Works
WELD D, Fire Traffic
PLASTIC HINGE
- WELD D,
T GUSSET PLATE
LUG PLATE
WELD CONFIGURATION
LRFD Resistance Factor Oweld: 0.75
Upper Bound Compressive Yield Stress of Core Material Fysc-max: 43 ksi (296 MPa)
Weld Material Minimum Yield Strength for BRB Components Fexx,8rB: 70 ksi (483 MPa)
Length of Lug to Core Weld at Bolt Pattern Luta: 19.25in (489 mm)
Length of Lug to Core Weld beyond Bolt Pattern (IWH 15.49 in (393 mm)
Weld Both Sides of Lug Beyond Bolt Pattern? WBS: FALSE
Width of Steel Yielding Core We.: 6.00 in (152 mm)
Width of Stiffener at Lug Wq: 1.66 in (42 mm)
Thickness of Stiffener at Lug ts: 1.25in (32 mm)
3.6.1 Weld Size Required at Bolt Pattern
Percent of Core Stub Capacity at Lug Allowed to be Transferred
thru that Section (max 100%). %Ascstub: 100%

Max Force in Stiffener at Lug
Pqu = Pucmax’ We/ W' min(%Asc stun, 1.0) Pqu: 128.6 kip (572 kN)

*Conservative for sizing weld

Min Weld Size Based on Material Thickness

IF Then Duwig-min: 4.00 (16ths) (6 mm)
min(t,, t;) < %" Dutgrmin = 3"
min(ty, t;) < %" Dutgmin = 4'
Otherwise Dytg-min = 50

Weld Size Based on Required Force

D'wig = Puia/(dweld 0.6 Fexx'0.7071°2°L 1 )" 16 D'wig: 2.40 (16ths) (4 mm)
Required Weld Size | Duig’ 2.00 | (6 mm)
Duiq: 4.00 (16ths) (6 mm)
Duig: /4" (6 mm)
Base Metal Thickness Check
tmin/tL,sc = Max of: I DCRWe\d-Lg: 0.30 I
1Fexxpre'0.7071° (Dyio/ 16)/(Fu'ty) = 0.254
2'Fexx,gre"0.7071* (Dyio/16)/(Fusc'ts) = 0.300
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City of Puyallup
3.6.2 Weld Size Required Beyond Bolt Pattern e B uED bR
Yield Strength of Stub Section Building
FY—qu = Ws'ts'Fysc_max'min(“/oAsc_Smb, 10) Engineering ["Public works | Fy.qu: 89.0 klp (395 /(N)
*Conservative for determining force in section before stub Fire Traffic

Force in Weld Beyond Bolt Group

Put = Puc-max = 2" Fy-wig Pyt 287.9 kip (1281 kN)
Weld Size Based on Required Force

D'wi = Pu/(dweiq"0.6'Fey'0.7071°4°L,, )" 16 D'yt 3.34 (16ths) (5 mm)
Required Weld Size | Du 4.00 (16ths) | (6 mm)

Note that minimum weld size here equal to minimum size req'd at bolt Dui: 4.00 (16ths) (6 mm)

pattern (D yig.min) Since lug and core thickness are the same as at that location. Dy 1/4 " (6 mm)

Base Metal Thickness Check
Factor for Weld Both Sides (WBS) Beyond Bolt Pattern:

IF WBS = TRUE Then WBSF = 2, Otherwise WBSF = 1 WBSF: 1
tmin/tisc = Max of!: | DCRwela-L: 0.30 |
WBSF*Fexx grg’0.7071* (Do /16)/(Fu't) = 0.254
2 Fexxpra"0.7071 (D /16)/(Fusc'tse) = 0.300
3.6.3 Weld Around Lug in Lieu of Bolting
Weld Material Minimum Yield Strength for Lug to Gusset (Alt Weld) Fexx.Gst 70 ksi (483 MPa)
Length of Sides of Lug Only Lis: 47.48 in (1206 mm)
Lis=(Lg=W /2-Tol ) 4 Tolys= 0.50in (13 mm)
Length Around Lug (Including Sides) Lys: 75.36 in (1914 mm)

Lips=Lis+n- (W, /2)-2
Plastic Section Modulus of Core Extension (Section Just Outside Casing)

Z, = QU WPH(We2t) t7)/4 Z. 22.52 in3 (368960 mm?)

Force Couple to Resist Plastification of Core Extension Fr = Z,*F, /W, Fr: 126.8 kip (564 kN)

Required Weld if Welded Around Lug Dys: 6.86 (11 mm)

Drs = (PuC—max+ 2.FR)/(Lrs-O-7071.0-6'¢Weld-Fexx,Gst)*16 I Drs: 7.00 (16th5) I (]1 mm)

Dys: 7/16" (11 mm)

Required Weld if Welded Around Sides of Lug Only D.: 10.89 (17 mm)

Ds = (Pucmax + 2'F)/(Ls'0.7071"0.6" dwelq" Fex,65) ¥ 16 | Ds: 11.00 (16ths) | (27 mm)

Dq: 11/16" (17 mm)

3.7.0 Summary

3.1.0 Bolt Shear DCRspear: 0.60
3.2.0 Bolt Friction DCRgjip: 0.87
3.3.1 Bolt Bearing - Gusset Plate DCRyrg-g: 0.46
3.3.2 Bolt Bearing - Lug Plates DCRprg-L: 0.29
3.3.3 Combined Bolt Bearing & Tearout - Gusset DCRyrq/Tear-G: 0.62
3.3.3 Combined Bolt Bearing & Tearout - Lug DCRprg/Tear-L: 0.62
3.4.0 Tension Fracture - Lug Plates DCRy: 0.67
3.5.1 Block Rupture - Gusset Plate DCRpjq: 0.60
3.5.2 Block Rupture - Lug Plates DCRy..: 0.45
3.6.1 Weld Strength at Bolt Pattern DCRwelg-Lg: 0.30
3.6.2 Weld Strength Beyond Bolt Pattern DCRyyeig-L.: 0.30
Max: 0.87
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Project: Puyallup PSB
Location: Puyallup, WA

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

]ynfng

Engineering

Public Works

Fire

Traffic

END CONNECTION CALCULATIONS

Job: 6910
Specimen ID and Location Section 3.0 Design Criteria Section 3.1.0 Bolt Shear - LRFD J3.6
EOR-ID Line Grids Lvis Mark Qty B w Asc Fy»m‘ax Fu,s.c CF Pys‘.:-max PuT.-max PuC‘-max YVT V‘VL Yv1 ‘e n, n, | ny ‘5 g (.’h f’s n, ¢v FI'I\‘I Fu,hf)lt BTC TCF CLF L.'Lg ¢.rv Ab ¢Rv DCRShear
# # # # # in? | ksi | ksi kip kip kip in in in in in in in in ksi ksi in kip in? kip
BRB7.5 2 G-G.5 1 2901 1 [1.12]1.29] 750 | 43 | 66 | 1.0 323 416 466 6.000 | 888 | 744 11625| 4 | 0 [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 [ 0.994 773 0.60
BRB7.5 2 G.5-H 1 2901 1 [1.12]1.29] 750 | 43 | 66 | 1.0 323 416 466 6.000 | 888 | 7.4411625| 4 | 0 [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.60
BRB2.25 6 D-D.5 2 2902 1 [1.12]1.35] 2.25]| 43 | 66 | 1.0 97 131 146 4.250 [ 7.38 |1 3.7211.625| 2 | O | 4 | 5.000 | 0.000 | 1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.38
BRB2.25 6 D.5-E 2 2902 1 [1.12]1.35) 225]| 43 ]| 66 | 1.0 97 131 146 4250 [ 738 |1 3.7211.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.38
BRB2.25 6 G-G.5 2 2903 1 [1.12]1.35] 2.25]| 43 | 66 | 1.0 97 131 146 4.250 [ 7.38 | 3.7211.625| 2 | 0 | 4 | 5.000 | 0.000 | 1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.38
BRB2.25 6 G.5-H 2 2903 1 [1.12]1.35) 225]| 43 ]| 66 | 1.0 97 131 146 4250 [ 738 |1 3.7211.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.38
BRB3.0 8 G-G.5 1 2904 1 [1.17]1.21) 3.00| 43 | 66 | 1.0 129 156 183 4.000 [ 738 | 442 11.625| 2 | O | 4 | 5.000 | 0.000 | 1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.47
BRB3.0 8 G.5-H 1 2904 1 [1.17]1.21) 3.00| 43 | 66 | 1.0 129 156 183 4.000 [ 738 | 442 11.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.47
BRB2.0 8 H-H.5 2 2905 1 [1.13]1.35] 200 | 43 | 66 | 1.0 86 116 131 4375 (713 |1 361)1.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB2.0 8 H.5-] 2 2905 1 [1.13]1.35]| 200| 43 ]| 66 | 1.0 86 116 131 4375 (7131361 )1.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB2.75 10 G-G.5 1 2906 1 [1.12]1.34) 2.75| 43 | 66 | 1.0 118 158 177 5.000 | 7.38 1 412 11625| 2 | O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.46
BRB2.75 10 G.5-H 1 2906 1 [(1.12]1.34) 275] 43 ]| 66 | 1.0 118 158 177 5.000 | 738 1 412 ]11625| 2 | O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.46
BRB2.75 11 D-D.5 2 2907 1 [1.14]1.36]) 2.75| 43 | 66 | 1.0 118 161 183 5.000 | 738 1412 ]11625| 2 | 0O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.47
BRB2.75 11 D.5-E 2 2907 1 [(1.14]1.36]) 275 | 43 | 66 | 1.0 118 161 183 5.000 | 738 1 412 ]11625| 2 | O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.47
BRB2.0 13 C-C.5 1 2908 1 [1.12]1.34) 200 | 43 | 66 | 1.0 86 115 129 4375 (7131 361)1625| 2 | 0| 4| 5000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.33
BRB2.0 13 C.5-D 1 2908 1 [(1.12]1.34) 200| 43 | 66 | 1.0 86 115 129 4375 (7131361 )1.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.33
BRB2.0 13 H-H.5 1 2909 1 [1.12]1.34) 200 | 43 | 66 | 1.0 86 115 129 4375 (7131 361)1625| 2 | O | 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.33
BRB2.0 13 H.5-J 1 2909 1 [(1.12]1.34) 200| 43 ]| 66 | 1.0 86 115 129 4375 (7131361 )1.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.33
BRB2.75 15 H-H.5 2 2910 1 [1.14]1.36]) 2.75| 43 | 66 | 1.0 118 161 183 5.000 | 738 1412 ]11625| 2 | 0O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.47
BRB2.75 15 H.5-J 2 2910 1 [(1.14]1.36]) 2.75| 43 | 66 | 1.0 118 161 183 5.000 | 738 1 412 ]11625| 2 | O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.47
BRB2.0 D 3-3.5 2 2911 1 [1.13]1.35] 200 | 43 | 66 | 1.0 86 116 131 4375 (7131 361)1625| 2 | 0| 4| 5000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB2.0 D 3.5-4 2 2911 1 [1.13]1.35]| 2.00| 43 ]| 66 | 1.0 86 116 131 4375 (7131361 )1.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB3.0 D 10-10.5 2 2912 1 [1.18]1.26] 3.00 | 43 | 66 | 1.0 129 163 192 4.000 [ 738 | 442 11.625| 2 | O | 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.50
BRB3.0 D 10.5-11 2 2912 1 [1.18]1.26] 3.00| 43 | 66 | 1.0 129 163 192 4.000 [ 738 | 442 11.625| 2 | 0| 4| 5.000 | 0.000 | 1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.50
BRB6.0 D 10-10.5 1 2913 1 [1.18]1.28] 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 7.63 | 6.65]1.625| 4 | 0O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB6.0 D 10.5-11 1 2913 1 [(1.18]1.28| 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 763 |1 6.65]1.625| 4 | O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 [ 0.994 773 0.50
BRB6.0 D 15-15.5 1 2914 1 [1.18]1.28] 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 763 |1 6.65]1.625| 4 | 0O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB6.0 D 15.5-16 1 2914 1 [(1.18]1.28| 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 763 |1 6.65]1.625| 4 | O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB6.0 H 9-9.5 1 2915 1 [1.18]1.28] 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 7.63 | 6.65]1.625| 4 | 0O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB6.0 H 9.5-10 1 2915 1 [(1.18]1.28| 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 763 | 6.65]1.625| 4 | O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB2.0 H 10-10.5 2 2916 1 [1.13]1.35]| 2.00| 43 | 66 | 1.0 86 116 131 4375 (7131 361)1.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB2.0 H 10.5-11 2 2916 1 [1.13]1.35]| 200| 43| 66 | 1.0 86 116 131 4375 713 1361]1625| 2 | O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB6.0 H 10-10.5 1 2917 1 [1.18]1.28] 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 7.63 | 6.65]1.625| 4 | 0 [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB6.0 H 10.5-11 1 2917 1 [(1.18]1.28| 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 763 | 6.65]1.625| 4 | O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB2.0 H 15-15.5 2 2918 1 [1.13]1.36) 200 | 43 | 66 | 1.0 86 117 132 4375 (7131361 )1.625| 2 | 0| 4| 5.000 | 0.000 |1.125f 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB2.0 H 15.5-16 2 2918 1 [1.13]1.36) 200 | 43 | 66 | 1.0 86 117 132 4375 713 ]1361]1625| 2 | O [ 4 [ 5.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 [ 1.00 5.0 96.6 | 0.994 386 0.34
BRB6.0 H 15-15.5 1 2919 1 [1.18]1.28] 6.00 | 43 | 66 | 1.0 258 330 390 6.000 | 7.63 | 6.65]1.625| 4 | 0 [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 | 0.994 773 0.50
BRB6.0 H 15.5-16 1 2919 1 [1.18]1.28] 6.00| 43 | 66 | 1.0 258 330 390 6.000 | 763 |1 6.65]1.625| 4 | 0O [ 8 [ 4.000 [ 0.000 [1.125] 1.25 2 [0.75] 64.8 | 144 N 0.80 | 1.00 [ 12.0 [ 96.6 [ 0.994 773 0.50
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE s I END CONNECTION CALCULATIONS

Engineering Public Works

Fire Traffic
Project: Puyallup PSB
Location: Puyallup, WA
Job: 6910
. . . _r Section 3.3.0 Bearing Strength at Bolt Holes - LRFD J3.10
Specimen ID and Location Section 3.2.0 Bolt Friction - LRFD J3.8 Gen Section 3.3.1 Bearing Strength at Gusset Plate 2 Section 3.3.2 Bearing Capacity at Lug Plates
EO: 1D Line Gr;ds L;;Is M:rk Q;y ¢s AT_b_me hf M fT Th Du d)‘rs ¢Rs DCRSHP ¢brg-v o.sg ‘tg trTDes Fu? ITcs Nee Il-ce Nee ITcg ¢R.n-brq DCRbrg.g O.SL .tL I:ul.. L‘csL L‘ceL I,-CL ¢R.n>brq DCRbrg-L
in kip kip | kip in in in ksi| in in in kip in in ksi| in in in kip
BRB7.5 2 G-G.5 1 2901 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 369 | 0.87 0.75 [ 0.19]1.00[ 0.000 | 65 2.56]3.00f0.91]|1.00(17.2| 1005 0.46 0.000 | 0.75 | 65]2.75[/1.00| 18.5 [ 1580 0.29
BRB7.5 2 G.5-H 1 2901 1 (085[ 076 | 1.00 | 0.30] 1.04) 80 [1.13| 46 | 369 | 0.87 0.75 [ 0.19]1.00f 0.000 | 65 2.56]3.00{0.91]|1.00(17.2( 1005 0.46 0.000 | 0.75 | 65]2.75[1.00| 18.5 [ 1580 0.29
BRB2.25 6 D-D.5 2 2902 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.52 0.75 [ 0.19[1.00( 0.000 | 65 3.56]|1.00[0.91]|1.00] 89 [ 523 0.28 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.28
BRB2.25 6 D.5-E 2 2902 1 (085( 076 | 1.00 | 0.30] 1.04) 80 [1.13| 46 | 185 | 0.52 0.75 [ 0.19[1.00f 0.000 | 65[3.56]1.00[091]|1.00] 89 [ 523 0.28 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.28
BRB2.25 6 G-G.5 2 2903 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.52 0.75 [ 0.19[1.00( 0.000 | 65 3.56]|1.00[0.91]|1.00] 89 [ 523 0.28 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.28
BRB2.25 6 G.5-H 2 2903 1 (085( 076 | 1.00 | 0.30] 1.04) 80 [1.13| 46 | 185 | 0.52 0.75 [ 0.19[1.00( 0.000 | 65[3.56]1.00[091]|1.00] 89 [ 523 0.28 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.28
BRB3.0 8 G-G.5 1 2904 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.70 0.75 [ 0.19[1.00( 0.000 | 65 3.56]|1.00[0.91]|1.00] 89 [ 523 0.35 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.35
BRB3.0 8 G.5-H 1 2904 1 (085[ 076 | 1.00 | 0.30] 1.04) 80 [1.13| 46 | 185 | 0.70 0.75 [ 0.19[1.00f 0.000 | 65| 3.56]1.00[091]|1.00] 89 [ 523 0.35 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.35
BRB2.0 8 H-H.5 2 2905 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.47 0.75 [ 0.19[1.00( 0.000 | 65 3.56]|1.00[0.91]|1.00] 89 [ 523 0.25 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.25
BRB2.0 8 H.5-] 2 2905 1 [(085[ 076 | 1.00 | 0.30] 1.04) 80 [1.13| 46 | 185 | 0.47 0.75 [ 0.19[1.00f 0.000 | 65[3.56]1.00[091]|1.00] 89 [ 523 0.25 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.25
BRB2.75 10 G-G.5 1 2906 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.64 0.75 [ 0.19[1.00( 0.000 | 65 3.56]|1.00[0.91]|1.00] 89 [ 523 0.34 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.34
BRB2.75 10 G.5-H 1 2906 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.64 0.75 [ 0.19] 1.00| 0.000 | 65| 3.56] 1.00| 0.91]|1.00( 8.9 | 523 0.34 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.34
BRB2.75 11 D-D.5 2 2907 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.64 0.75 [ 0.19[1.00f 0.000 | 65| 3.56]1.00[091]|1.00] 89 [ 523 0.35 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.35
BRB2.75 11 D.5-E 2 2907 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.64 0.75 [ 0.19] 1.00| 0.000 | 65| 3.56) 1.00| 0.91]|1.00( 8.9 | 523 0.35 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.35
BRB2.0 13 C-C.5 1 2908 1 [085[ 0.76 | 1.00 | 0.30] 1.04| 80 [1.13| 46 | 185 | 0.47 0.75 [ 0.19[1.00f 0.000 | 65| 3.56]1.00[091]|1.00] 89 [ 523 0.25 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.25
BRB2.0 13 C.5-D 1 2908 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.47 0.75 [ 0.19]| 1.00| 0.000 | 65| 3.56]| 1.00| 0.91]|1.00( 8.9 | 523 0.25 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.25
BRB2.0 13 H-H.5 1 2909 1 [085[ 0.76 | 1.00 | 0.30] 1.04| 80 [1.13| 46 | 185 | 0.47 0.75 [ 0.19[1.00f 0.000 | 65[3.56]1.00[091]|1.00] 89 [ 523 0.25 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.25
BRB2.0 13 H.5-J 1 2909 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.47 0.75 [ 0.19] 1.00| 0.000 | 65| 3.56] 1.00| 0.91]|1.00( 8.9 | 523 0.25 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.25
BRB2.75 15 H-H.5 2 2910 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.64 0.75 [ 0.19[1.00f 0.000 | 65[3.56]1.00[091]|1.00] 89 [ 523 0.35 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.35
BRB2.75 15 H.5-J 2 2910 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.64 0.75 [ 0.19] 1.00| 0.000 | 65| 3.56] 1.00| 0.91]|1.00( 8.9 | 523 0.35 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.35
BRB2.0 D 3-3.5 2 2911 1 [085[ 0.76 | 1.00 | 0.30] 1.04| 80 [1.13| 46 | 185 | 0.47 0.75 [ 0.19[1.00f 0.000 | 65| 3.56]1.00[091]|1.00] 89 [ 523 0.25 0.000 | 0.50 | 65[3.75[1.00] 9.5 527 0.25
BRB2.0 D 3.5-4 2 2911 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.47 0.75 [ 0.19]| 1.00| 0.000 | 65| 3.56]| 1.00| 0.91]|1.00( 8.9 | 523 0.25 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.25
BRB3.0 D 10-10.5 2 2912 1 [085[ 0.76 | 1.00 | 0.30] 1.04| 80 [1.13| 46 | 185 | 0.70 0.75 [ 0.19[1.00f 0.000 | 65[3.56]1.00[091]|1.00] 89 [ 523 0.37 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.36
BRB3.0 D 10.5-11 2 2912 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.70 0.75 [ 0.19] 1.00| 0.000 | 65| 3.56] 1.00| 0.91]|1.00( 8.9 | 523 0.37 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.36
BRB6.0 D 10-10.5 1 2913 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 369 | 0.70 0.75 [ 0.19]1.00| 0.000 | 65 2.56]3.00f{0.91]|1.00(17.2| 1005 0.39 0.000 | 0.75 | 65]2.75[1.00| 18.5 [ 1580 0.25
BRB6.0 D 10.5-11 1 2913 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 369 | 0.70 0.75 [ 0.19] 1.00| 0.000 | 65| 2.56 | 3.00| 0.91]|1.00( 17.2| 1005 0.39 0.000 | 0.75 | 65 [ 2.75[1.00 18.5 | 1580 0.25
BRB6.0 D 15-15.5 1 2914 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 369 | 0.70 0.75 [ 0.19]1.00f 0.000 | 65 2.56]3.00f{0.91]|1.00(17.2| 1005 0.39 0.000 | 0.75 | 65]2.75[1.00| 18.5 [ 1580 0.25
BRB6.0 D 15.5-16 1 2914 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 369 | 0.70 0.75 [ 0.19] 1.00| 0.000 | 65| 2.56 ]| 3.00| 0.91]|1.00( 17.2| 1005 0.39 0.000 | 0.75 | 65 [ 2.75[1.00 18.5 | 1580 0.25
BRB6.0 H 9-9.5 1 2915 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 369 | 0.70 0.75 [ 0.19]1.00f 0.000 | 65 2.56]3.00{0.91]|1.00(17.2| 1005 0.39 0.000 | 0.75 | 65]2.75[1.00| 18.5 [ 1580 0.25
BRB6.0 H 9.5-10 1 2915 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 369 | 0.70 0.75 [ 0.19] 1.00| 0.000 | 65| 2.56 | 3.00| 0.91]|1.00( 17.2| 1005 0.39 0.000 | 0.75 ] 65 [2.75[1.00 18.5 | 1580 0.25
BRB2.0 H 10-10.5 2 2916 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 185 | 0.47 0.75 [ 0.19[1.00| 0.000 | 65| 3.56]1.00[0.91]|1.00] 89 [ 523 0.25 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.25
BRB2.0 H 10.5-11 2 2916 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.47 0.75 [ 0.19] 1.00| 0.000 | 65| 3.56] 1.00| 0.91]|1.00( 8.9 | 523 0.25 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.25
BRB6.0 H 10-10.5 1 2917 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 369 | 0.70 0.75 [ 0.19]1.00| 0.000 | 65 2.56]3.00f{0.91]|1.00(17.2| 1005 0.39 0.000 | 0.75 | 65]2.75[1.00| 18.5 [ 1580 0.25
BRB6.0 H 10.5-11 1 2917 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 369 | 0.70 0.75 [ 0.19] 1.00| 0.000 | 65| 2.56 | 3.00| 0.91]|1.00( 17.2| 1005 0.39 0.000 | 0.75 ] 65 [ 2.75[1.00 18.5 | 1580 0.25
BRB2.0 H 15-15.5 2 2918 1 [085[ 0.76 | 1.00 | 0.30] 1.04| 80 [1.13| 46 | 185 | 0.47 0.75 [ 0.19[1.00| 0.000 | 65 3.56]1.00[0.91]|1.00] 89 [ 523 0.25 0.000 | 0.50 | 65[3.75[/1.00] 9.5 527 0.25
BRB2.0 H 15.5-16 2 2918 1 1085 0.76 | 1.00 | 0.30 | 1.04 | 80 |1.13| 46 | 185 | 0.47 0.75 [ 0.19] 1.00| 0.000 | 65| 3.56] 1.00| 0.91]|1.00( 8.9 | 523 0.25 0.000 | 0.50 | 65 [3.75[1.00[ 9.5 527 0.25
BRB6.0 H 15-15.5 1 2919 1 [085[ 0.76 | 1.00 | 0.30] 1.04 | 80 [1.13| 46 | 369 | 0.70 0.75 [ 0.19]1.00[ 0.000 | 65 2.56]3.00f{0.91]|1.00(17.2| 1005 0.39 0.000 | 0.75 | 65]2.75[1.00| 18.5 [ 1580 0.25
BRB6.0 H 15.5-16 1 2919 1 1085 0.76 | 1.00 | 0.30 ] 1.04 | 80 |1.13| 46 | 369 | 0.70 0.75 [ 0.19] 1.00| 0.000 | 65| 2.56 ] 3.00]| 0.91]|1.00( 17.2] 1005 0.39 0.000 | 0.75 | 65 [ 2.75[1.00 18.5 | 1580 0.25
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE s I END CONNECTION CALCULATIONS

Engineering Public Works

Fire Traffic

Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910
. . Section 3.3.0 Bearing Strength at Bolt Holes - LRFD J3.10 . .
Specimen ID and Location Section 3.3.3 Combined Bolt Bearing/ Tear-outlgBoIt Shear at Lug and Gusset (Bolt by Bolt Method) Section 3.4.0 Tension Rupture Strength - LRFD D4

EOR'ID Line Grids Lvis Mark Qty GEBni GEBno GFBni GFBno I-EBni LEBno I-FBni LFBno ¢Rn-T,Edge ¢Rn-C,Edge ¢Rn-G,FieId ¢Rn-L,FieId ¢Rn-TG ¢Rn-CG ¢Rn-TL ¢Rn-CL Eu Eu tsc u OSLg Stg AntLbl Antbe AntLb Anth ¢Rn-tr DCR

# # # # # | kip | kip | kip | kip | kip | kip | kip | kip kip kip kip kip kip | kip | kip | kip |oRnc|dRaL L in M in Mo |42 in? in? in? kip o
BRB7.5 2 G-G.5 1 2901 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.62 | 0.62]0.75( 1.250 | 0.94 [ 0.19 2 0.00 0 9.38 | 9.38 | 9.38 | 4.14 626 0.67
BRB7.5 2 G.5-H 1 2901 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.62 | 0.62]0.75( 1.250 | 0.94 [ 0.19 2 0.00 0 9.38 | 9.38 | 9.38 | 4.14 626 0.67
BRB2.25 6 D-D.5 2 2902 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.59]0.59[0.75] 0.750 | 0.92 | 0.19 2 0.00 0 475 | 475 | 475 | 1.55 285 0.46
BRB2.25 6 D.5-E 2 2902 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.59]0.59|0.75] 0.750 | 0.92 | 0.19 2 0.00 0 475 | 475 | 475 | 1.55 285 0.46
BRB2.25 6 G-G.5 2 2903 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.59] 0.59|0.75] 0.750 | 0.92 | 0.19 2 0.00 0 475 | 475 | 475 | 1.55 285 0.46
BRB2.25 6 G.5-H 2 2903 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.59]0.59(0.75] 0.750 | 0.92 | 0.19 2 0.00 0 475 | 475 | 475 | 1.55 285 0.46
BRB3.0 8 G-G.5 1 2904 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.70] 0.70 | 0.75] 0.750 | 0.93 | 0.19 2 0.00 0 475 | 475 | 475 | 1.36 277 0.56
BRB3.0 8 G.5-H 1 2904 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.70] 0.70| 0.75] 0.750 | 0.93 | 0.19 2 0.00 0 475 | 475 | 475 | 136 277 0.56
BRB2.0 8 H-H.5 2 2905 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625] 0.92 | 0.19 2 0.00 0 4.50 [ 450 | 450 | 1.37 265 0.44
BRB2.0 8 H.5-] 2 2905 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625] 0.92 | 0.19 2 0.00 0 4.50 [ 450 | 450 | 1.37 265 0.44
BRB2.75 10 G-G.5 1 2906 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [0.71] 0.71| 0.75] 0.750 | 0.91 | 0.19 2 0.00 0 475 | 475 | 475 | 211 305 0.52
BRB2.75 10 G.5-H 1 2906 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [0.71] 0.71] 0.75] 0.750 | 0.91 | 0.19 2 0.00 0 475 | 475 | 4.75 | 2.11 305 0.52
BRB2.75 11 D-D.5 2 2907 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.72] 0.72[ 0.75] 0.750 | 0.91| 0.19 2 0.00 0 475 | 475 | 475 | 211 305 0.53
BRB2.75 11 D.5-E 2 2907 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [0.72] 0.72 | 0.75] 0.750 | 0.91 | 0.19 2 0.00 0 475 | 475 | 4.75 | 2.11 305 0.53
BRB2.0 13 C-C.5 1 2908 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625] 0.92 | 0.19 2 0.00 0 4.50 [ 450 | 450 | 1.37 265 0.43
BRB2.0 13 C.5-D 1 2908 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625 ] 0.92 | 0.19 2 0.00 0 4.50 [ 4.50 | 4.50 | 1.37 265 0.43
BRB2.0 13 H-H.5 1 2909 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625] 0.92 | 0.19 2 0.00 0 4.50 [ 450 | 450 | 1.37 265 0.43
BRB2.0 13 H.5-J 1 2909 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625 ] 0.92 | 0.19 2 0.00 0 4.50 | 4.50 | 4.50 | 1.37 265 0.43
BRB2.75 15 H-H.5 2 2910 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [0.72] 0.72] 0.75] 0.750 | 0.91| 0.19 2 0.00 0 475 | 475 | 475 | 211 305 0.53
BRB2.75 15 H.5-J 2 2910 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.72] 0.72| 0.75] 0.750 | 0.91 | 0.19 2 0.00 0 475 | 475 | 4.75 | 2.11 305 0.53
BRB2.0 D 3-3.5 2 2911 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625] 0.92 | 0.19 2 0.00 0 4.50 [ 450 | 450 | 1.37 265 0.44
BRB2.0 D 3.5-4 2 2911 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625 ] 0.92 | 0.19 2 0.00 0 4.50 [ 4.50 | 4.50 | 1.37 265 0.44
BRB3.0 D 10-10.5 2 2912 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.73]0.73[0.75] 0.750 | 0.93 | 0.19 2 0.00 0 475 | 475 | 475 | 136 277 0.59
BRB3.0 D 10.5-11 2 2912 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.73] 0.73[0.75] 0.750 | 0.93 | 0.19 2 0.00 0 4.75 | 475 | 4.75 | 1.36 277 0.59
BRB6.0 D 10-10.5 1 2913 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50(0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB6.0 D 10.5-11 1 2913 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50( 0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB6.0 D 15-15.5 1 2914 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50(0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB6.0 D 15.5-16 1 2914 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50( 0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB6.0 H 9-9.5 1 2915 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50(0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB6.0 H 9.5-10 1 2915 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50( 0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB2.0 H 10-10.5 2 2916 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625] 0.92 | 0.19 2 0.00 0 4.50 [ 450 | 450 | 1.37 265 0.44
BRB2.0 H 10.5-11 2 2916 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625 ] 0.92 | 0.19 2 0.00 0 4.50 | 450 | 4.50 | 1.37 265 0.44
BRB6.0 H 10-10.5 1 2917 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50(0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB6.0 H 10.5-11 1 2917 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50( 0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB2.0 H 15-15.5 2 2918 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625] 0.92 | 0.19 2 0.00 0 4.50 [ 450 | 450 | 1.37 265 0.44
BRB2.0 H 15.5-16 2 2918 1 53 0 132 0 59 0 132 0 223 386 0 0 223 386 223 386 [ 0.52] 0.52|0.75] 0.625 ] 0.92 | 0.19 2 0.00 0 4.50 | 450 | 4.50 | 1.37 265 0.44
BRB6.0 H 15-15.5 1 2919 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50(0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 [ 3.31 501 0.66
BRB6.0 H 15.5-16 1 2919 1 53 0 132 0 88 0 197 0 282 386 386 386 668 773 668 773 10.50( 0.50] 0.75( 1.000 | 0.95 [ 0.19 2 0.00 0 7.50 | 750 | 7.50 | 3.31 501 0.66
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910
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Specimen ID and Location

Section 3.5.0 Block Rupture Strength - LRFD J4.3

General Section 3.5.1 Gusset Block Rupture Strength Section 3.5.2 Lug Plates Block Rupture Strength Weld Design Criterial
EOR'ID Line Grids Lvis Mark Qty U Fyg qu-q AQva an-g Anv,g th-q Agtvg Lnt-q Ant,g SRT SYT TRT ¢Rn,g Eu FyL qu-L Agv,L an-L Anv,L Agt,L I-nt»L Ant,L SRT SYT TRT ¢Rn,L Eu Fysc»max Fexx,BRB I-qu LwL Weld 2 Wsc Ws ts
# # # # o | P Y isi] in 2 L™ in | 2 | in iz in ] in2 | xip | Kip | kip | kip R, g| ksi| in | in? Mt b Lz Lin2 | in | in2| kip | kio | kip| kip |@RL bweal ksi in | in | Sides?| in in | in

BRB7.5 2 G-G.5 1 2901 1 ]1075]10|50])13.6]273]| 3.5 [525[16.8]| 56| 56 15| 4.1 | 653 | 818 | 268 | 691 | 0.60 [ 50 [13.6/ 409 | 3.5 [459[27.1]| 49| 0.7 ] 2.9 | 1057 1226]189| 934 | 0.45| 0.75 43 70 19 | 15 | FALSE | 6.00 | 1.66 |1.25
BRB7.5 2 G.5-H 1 2901 1 ]1075({10|50]13.6|273] 35 |525]168| 56|56 ]|15] 41| 653 [ 818 | 268 | 691 | 0.60 | 50 |13.6] 40.9 3.5 459 1271|149 (0.7 29 [1057] 1226|189]| 934 | 0.45] 0.75 43 70 19 | 15| FALSE | 6.00 | 1.66 [1.25
BRB2.25 6 D-D.5 2 2902 1 ]1075]10/50)|66]133] 15 [225( 88 | 41|41 |15| 26| 341 | 398 | 171|384 |034[(50|6.6[133| 15 [197| 93 [33]0.7] 19| 363 | 398 |126| 367 | 036 0.75 43 70 12 | 23| TRUE | 3.00 | 1.03 |0.75
BRB2.25 6 D.5-E 2 2902 1 ]1075({10|/50]66]133] 15 |225]| 88 | 41|41 ]|15]| 26| 341 398 |171]|384|034|50]|6.6]133 1.5 1971 93 1 33]107] 19| 363 [ 398 | 126 367 | 0.36 | 0.75 43 70 12 | 23| TRUE | 3.00 [ 1.03 |0.75
BRB2.25 6 G-G.5 2 2903 1 ]1075]10/50)|66]133] 15 [225( 88 | 41|41 |15| 26| 341 | 398 | 171|384 |034[50|6.6[133| 15 [197| 93 [33]07] 19| 363 | 398 |126| 367 | 036 0.75 43 70 12 | 23| TRUE | 3.00 | 1.03 |0.75
BRB2.25 6 G.5-H 2 2903 1 ]1075({10|50]66]133] 15 |225] 88 | 41|41 ]|15]| 26| 341 398 |171]|384|034|50]|6.6]133 1.5 1971 93 1 33]107] 19| 363 [ 398 | 126 367 | 0.36 | 0.75 43 70 12 | 23| TRUE | 3.00 [ 1.03 |0.75
BRB3.0 8 G-G.5 1 2904 1 ]1075]10/50)|66]133] 15 [225( 88 | 41|41 |15| 26| 341 | 398 | 171|384 |041[(50|6.6[133| 15 [197| 93 [33]0.7] 19| 363 | 398 |126| 367 | 043 | 0.75 43 70 12 | 25| TRUE | 4.00 | 0.91 |0.75
BRB3.0 8 G.5-H 1 2904 1 ]1075({10|/50]66]133] 15 |225]| 88 | 41|41 ]|15]| 26| 341 398 |171]|384|041|50]|6.6] 133 1.5 1971 93 1 33]107] 19| 363 [ 398 | 126 367 | 043 ] 0.75 43 70 12 | 25| TRUE | 4.00 [ 0.91 |0.75
BRB2.0 8 H-H.5 2 2905 1 ]1075]10/50]| 66]133] 15 [225( 88 | 39|39 [15| 24 ) 341 | 398 |154| 372103150 6.6[133| 15 [197| 93 [33]0.7] 19| 363 | 398 |126] 367 | 0.32 | 0.75 43 70 12 | 23| TRUE | 3.20 | 1.09 |0.63
BRB2.0 8 H.5-J 2 2905 1 ]1075({10|/50]66]133] 15 |225] 88 | 39[39]|15] 24| 341 398 |154]372|031|50]|6.6]133 1.5 1971 93 1 33]107] 19 ] 363 [ 398 | 126 367 | 0.32] 0.75 43 70 12 | 23| TRUE | 3.20 | 1.09 |0.63
BRB2.75 10 G-G.5 1 2906 1 ]1075]10/50)|66]133] 15 [225( 88 | 41|41 |15| 26| 341 | 398 | 171|384 |041[(50|6.6[133| 15 [197| 93 [33]0.7] 19| 363 | 398 |126| 367 | 043 | 0.75 43 70 12 | 24 | TRUE | 3.67 | 1.41 |0.75
BRB2.75 10 G.5-H 1 2906 1 ]1075({10|50]66]133] 15 |225]| 88 | 41|41 ]|15]| 26| 341 398 |171]|384|041|50]|6.6] 133 1.5 1971 93 1 33]107] 19| 363 [ 398 | 126 367 | 043 ] 0.75 43 70 12 | 24| TRUE | 3.67 | 1.41 |0.75
BRB2.75 11 D-D.5 2 2907 1 ]1075(10|50]6.6]133] 15 ]|225]| 88 | 41|41 ]|15] 26| 341 [ 398 |171]| 384|042 50| 6.6 13.3 1.5 1971 93 |1 33]107) 19| 363 [ 398 | 126 367 | 0.44 | 0.75 43 70 12 | 24 | TRUE | 3.67 | 141 |0.75
BRB2.75 11 D.5-E 2 2907 1 ]1075({10|50]66]133] 15 |225]| 88 | 41|41 |15]| 26| 341 398 |171]|384|042|50]| 6.6] 133 1.5 1971 93 |1 33]107] 19| 363 [ 398 | 126 367 | 044 ] 0.75 43 70 12 | 24| TRUE | 3.67 | 1.41 |0.75
BRB2.0 13 C-C5 1 2908 1 ]1075({10|50]6.6]133] 15 |225]| 88 | 39|39 ]|15] 24| 341 | 398 |154]372|031|50]|6.6] 133 1.5 197] 93 |1 33]107] 19 ] 363 [ 398 | 126 367 | 0.31 ] 0.75 43 70 12 | 23| TRUE | 3.20 | 1.09 |0.63
BRB2.0 13 C.5-D 1 2908 1 [075]1.0({50] 6.6 ]133| 1.5 |225| 88 | 39|39 |15| 24341 | 398 | 154|372 |031|5066]133[ 15 |197( 93 | 33]0.7] 1.9 363 [ 398 [126]| 367 | 0.31] 0.75 43 70 12 [ 23 [ TRUE [ 3.20 | 1.09 |0.63
BRB2.0 13 H-H.5 1 2909 1 ]1075({10|50]6.6]133] 15 |225] 88 | 39|39 ]|15] 24| 341 398 |154]372|031|50]|6.6] 133 1.5 197] 93 1 33]107) 19 ] 363 [ 398 | 126 367 | 0.31 ] 0.75 43 70 12 | 23| TRUE | 3.20 | 1.09 |0.63
BRB2.0 13 H.5-J 1 2909 1 [075]1.0({50] 6.6 133 1.5 |225| 88 | 39|39 |15| 24341 | 398 | 154|372 |031|50f66]133[ 15 |197( 93 |33 ]0.7] 1.9 363 [ 398 [126]| 367 [ 0.31] 0.75 43 70 12 [ 23 [ TRUE [ 3.20 | 1.09 |0.63
BRB2.75 15 H-H.5 2 2910 1 ]1075(10|50]6.6]133] 15 |225] 88 | 41|41 ]|15] 26| 341 [ 398 |171]| 384|042 50| 6.6 13.3 1.5 197] 93 |1 33]107] 19 ] 363 [ 398 | 126 367 | 0.44 | 0.75 43 70 12 | 24 | TRUE | 3.67 | 141 |0.75
BRB2.75 15 H.5-J 2 2910 1 ]1075({10|50]66]133] 15 |225]| 88 | 41|41 |15]| 26| 341 398 |171]|384|042|50]|6.6] 133 1.5 1971 93 1 33]107] 19| 363 [ 398 | 126 367 | 044 ] 0.75 43 70 12 | 24| TRUE | 3.67 | 1.41 |0.75
BRB2.0 D 3-3.5 2 2911 1 ]1075({10|50]6.6]133] 15 |225]| 88 | 39|39 ]|15] 24| 341 | 398 |154]372|031|50]|6.6] 133 1.5 197] 93 |1 33]107) 19 ] 363 [ 398 | 126 367 | 0.32 ]| 0.75 43 70 12 | 23| TRUE | 3.20 | 1.09 |0.63
BRB2.0 D 3.5-4 2 2911 1 [075]1.0({50] 6.6 ]133| 1.5 | 225 88 | 39|39 |15| 24341 | 398 | 154|372 |031|50f66]133[ 15 |197( 93 | 33]0.7] 1.9 363 [ 398 [126]| 367 | 0.32] 0.75 43 70 12 [ 23 [ TRUE [ 3.20 | 1.09 |0.63
BRB3.0 D 10-10.5 2 2912 1 ]1075({10|50]6.6]133] 15 |225]| 88 | 41|41 ]|15] 26| 341 [ 398 |171]|384|042|50]| 6.6 13.3 1.5 197] 93 |1 33]107) 19| 363 [ 398 | 126 367 | 0.44 | 0.75 43 70 12 | 25| TRUE | 4.00 [ 0.91 |0.75
BRB3.0 D 10.5-11 2 2912 1 ]1075({10|50]66]133] 15 |225]| 88 | 41|41 ]|15]| 26| 341 398 |171]|384|042|50]|6.6] 133 1.5 1971 93 |1 33]107] 19| 363 [ 398 | 126 367 | 044 ] 0.75 43 70 12 | 25| TRUE | 4.00 [ 0.91 |0.75
BRB6.0 D 10-10.5 1 2913 1 ]1075(10]50]13.6)273] 35 |525]1168| 44|44 ]115] 29| 653 | 818 | 187 | 630 | 0.52 | 50 |13.6] 40.9 3.5 459 1271|149 (0.7 29 [1057] 1226|189] 934 | 0.35] 0.75 43 70 19 | 15| FALSE | 6.00 | 1.66 |1.00
BRB6.0 D 10.5-11 1 2913 1 ]1075({10|50]13.6|273] 35 |525]168| 44|44 ]115] 29| 653 [ 818 | 187 | 630 | 0.52 | 50 |13.6] 40.9 3.5 459 1271|149 (07| 29 [1057] 1226|189] 934 | 0.35] 0.75 43 70 19 | 15| FALSE | 6.00 | 1.66 |1.00
BRB6.0 D 15-15.5 1 2914 1 ]1075(10]50]13.6)273] 35 |525]1168| 44|44 ]115] 29| 653 | 818 | 187 | 630 | 0.52 | 50 |13.6] 40.9 3.5 459 1271|149 (0.7 29 [1057] 1226|189] 934 | 0.35] 0.75 43 70 19 | 15| FALSE | 6.00 [ 1.66 |[1.00
BRB6.0 D 15.5-16 1 2914 1 ]1075({10|50]13.6|273] 35 |525]168| 44|44 ]115] 29| 653 [ 818 | 187 | 630 | 0.52 | 50 |13.6] 40.9 3.5 459 1271|4907 29 [1057] 1226|189] 934 | 0.35] 0.75 43 70 19 | 15| FALSE | 6.00 | 1.66 |1.00
BRB6.0 H 9-9.5 1 2915 1 ]1075(10]50]13.6|273] 35 |525]168| 44|44 ]115] 29| 653 | 818 | 187 | 630 | 0.52 | 50 |13.6] 40.9 3.5 459 1271|149 (0.7 29 [1057] 1226|189] 934 | 0.35] 0.75 43 70 19 | 15| FALSE | 6.00 | 1.66 |[1.00
BRB6.0 H 9.5-10 1 2915 1 [075]1.0{50]13.6]273| 3.5 |525[168)| 44 | 44 ]115]| 29| 653 | 818 | 187 | 630 | 0.52 | 50 [13.6] 409 3.5 | 459(27.1) 49| 0.7 ]| 2.9 [ 1057 [ 1226 | 189| 934 | 0.35 | 0.75 43 70 19 [ 15 [ FALSE [ 6.00 | 1.66 |1.00
BRB2.0 H 10-10.5 2 2916 1 ]1075(10|50]6.6]133] 15 |225] 88 | 39|39 ]|15] 24| 341 398 |154]372|031|50]|6.6] 133 1.5 197] 93 |1 33]107] 19 ] 363 [ 398 | 126 367 | 0.32 ]| 0.75 43 70 12 | 23| TRUE | 3.20 [ 1.09 |0.63
BRB2.0 H 10.5-11 2 2916 1 [075]1.0[{50] 6.6 133 1.5 |225| 88 | 39|39 |15]| 24341 | 398 | 154|372 |031|50f66]133[ 15 |197( 93 | 33]0.7] 1.9 363 [ 398 [126]| 367 | 0.32 ] 0.75 43 70 12 [ 23 [ TRUE [ 3.20 | 1.09 |0.63
BRB6.0 H 10-10.5 1 2917 1 ]1075(10]50]13.6|273] 35 |525]168| 44|44 ]115] 29| 653 | 818 | 187 | 630 | 0.52 | 50 |13.6] 40.9 3.5 4591271| 49 (0.7 29 [1057] 1226|189]| 934 | 0.35] 0.75 43 70 19 | 15| FALSE | 6.00 | 1.66 |[1.00
BRB6.0 H 10.5-11 1 2917 1 [075]1.0{50]13.6]273| 3.5 |525[168)| 44 | 44 ]115]| 29| 653 | 818 | 187 | 630 | 0.52 | 50 [13.6] 40.9 | 3.5 | 459(27.1) 49| 0.7 ]| 2.9 [ 1057 [ 1226 | 189| 934 | 0.35 | 0.75 43 70 19 [ 15 [ FALSE [ 6.00 | 1.66 |1.00
BRB2.0 H 15-15.5 2 2918 1 ]1075({10|50]6.6]133] 15 |225] 88 | 39|39 ]|15] 24| 341 398 |154]372|031|50]|6.6] 133 1.5 197] 93 |1 33]107] 19| 363 [ 398 | 126 367 | 0.32 ]| 0.75 43 70 12 | 23| TRUE | 3.20 | 1.09 |0.63
BRB2.0 H 15.5-16 2 2918 1 [075]1.0({50] 6.6 133 1.5 |225| 88 | 39|39 |15]| 24341 | 398 | 154|372 |031|5066]133[ 15 |197( 93 |33 ]0.7] 1.9 363 [ 398 [126]| 367 | 0.32 ] 0.75 43 70 12 [ 23 [ TRUE [ 3.20 | 1.09 |0.63
BRB6.0 H 15-15.5 1 2919 1 ]1075(10]50]13.6|273] 35 |525]1168]| 44|44 ]115] 29| 653 | 818 | 187 | 630 | 0.52 | 50 |13.6] 40.9 3.5 4591271| 49 (0.7 29 [1057] 1226|189] 934 | 0.35] 0.75 43 70 19 | 15| FALSE | 6.00 | 1.66 |[1.00
BRB6.0 H 15.5-16 1 2919 1 [075]1.0{50]13.6]273| 3.5 |525[168) 44| 44]115] 2.9 | 653 | 818 | 187 [ 630 | 0.52 | 50 [13.6] 40.9 [ 3.5 | 459 27.1) 49| 0.7 ] 2.9 [ 1057 [ 1226 | 189| 934 | 0.35] 0.75 43 70 19 | 15 [ FALSE [ 6.00 | 1.66 |1.00
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE s I END CONNECTION CALCULATIONS

Engineering Public Works

Fire Traffic

Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910
Specimen ID and Location Section 3.6.0 Weld Design
Section 3.6.1 Weld Size Required at Bolt Pattern 3.6.2 Weld Size Beyond Pattern 3.6.3 Weld Around Lug in Lieu of Bolting

EOR-ID Line Grids Lvis Mark Qty %A, Png DwL-min Dng-req'd I:)ng !mm FY-qu PwL DwL-req'd DwL !mm Fexx,Gst I-Ls I-Lr+s z FR Drs Ds

# # # # # |7 kip | 16ths | 16ths |16ths| teec | kip | kip | 16ths |16ths| tyee| ksi in] in | in® | kip |16ths|16ths
BRB7.5 2 G-G.5 1 2901 1 100% | 129 4.0 24 4 10.30| 89 288 3.3 4 10.30 70 471 75 |1 225|127 | 7.0 | 110
BRB7.5 2 G.5-H 1 2901 1 100% | 129 4.0 2.4 4 0.30[ 89 288 3.3 4 10.30 70 471 75 [ 225 127 | 7.0 [ 11.0
BRB2.25 6 D-D.5 2 2902 1 100% 50 3.0 1.5 3 [0.37] 33 80 0.6 3 10.57 70 21| 44 ] 3.9 27 40 [ 7.0
BRB2.25 6 D.5-E 2 2902 1 100% 50 3.0 1.5 3 0.37( 33 80 0.6 3 10.57 70 21| 44 3.9 27 4.0 7.0
BRB2.25 6 G-G.5 2 2903 1 100% 50 3.0 1.5 3 [0.37] 33 80 0.6 3 10.57 70 21| 44 ] 3.9 27 40 [ 7.0
BRB2.25 6 G.5-H 2 2903 1 100% 50 3.0 1.5 3 0.37( 33 80 0.6 3 10.57 70 21| 44 3.9 27 4.0 7.0
BRB3.0 8 G-G.5 1 2904 1 100% 41 3.0 1.2 3 [0.37] 29 124 0.9 3 10.57 70 21| 44 ] 53 36 5.0 | 9.0
BRB3.0 8 G.5-H 1 2904 1 100% 41 3.0 1.2 3 0.37[ 29 124 0.9 3 10.57 70 21| 44 5.3 36 5.0 9.0
BRB2.0 8 H-H.5 2 2905 1 100% 45 3.0 1.3 3 [045] 29 72 0.6 3 10.57 70 21| 43 | 3.6 25 40 [ 7.0
BRB2.0 8 H.5-) 2 2905 1 100% 45 3.0 1.3 3 045 29 72 0.6 3 10.57 70 21| 43 3.6 25 4.0 7.0
BRB2.75 10 G-G.5 1 2906 1 100% 68 3.0 2.0 3 [0.37] 45 87 0.7 3 10.57 70 21| 44 | 4.8 33 4.0 [ 9.0
BRB2.75 10 G.5-H 1 2906 1 100% 68 3.0 2.0 3 0.37] 45 87 0.7 3 |[0.57 70 21| 44 4.8 33 4.0 9.0
BRB2.75 11 D-D.5 2 2907 1 100% 70 3.0 2.1 3 0.37[ 45 93 0.7 3 10.57 70 21| 44 4.8 33 5.0 9.0
BRB2.75 11 D.5-E 2 2907 1 100% 70 3.0 2.1 3 0.37] 45 93 0.7 3 |[0.57 70 21| 44 4.8 33 5.0 9.0
BRB2.0 13 C-C.5 1 2908 1 100% 44 3.0 1.3 3 045 29 70 0.5 3 10.57 70 21| 43 3.6 25 3.0 7.0
BRB2.0 13 C.5-D 1 2908 1 100% 44 3.0 1.3 3 1045] 29 70 0.5 3 10.57 70 21| 43 | 3.6 25 3.0 ] 7.0
BRB2.0 13 H-H.5 1 2909 1 100% 44 3.0 1.3 3 045 29 70 0.5 3 10.57 70 21| 43 3.6 25 3.0 7.0
BRB2.0 13 H.5-J 1 2909 1 100% 44 3.0 1.3 3 1045] 29 70 0.5 3 10.57 70 21| 43 | 3.6 25 3.0 ] 7.0
BRB2.75 15 H-H.5 2 2910 1 100% 70 3.0 2.1 3 0.37( 45 93 0.7 3 10.57 70 21| 44 4.8 33 5.0 9.0
BRB2.75 15 H.5-J 2 2910 1 100% 70 3.0 2.1 3 0.37] 45 93 0.7 3 |[0.57 70 21| 44 4.8 33 5.0 9.0
BRB2.0 D 3-3.5 2 2911 1 100% 45 3.0 1.3 3 045 29 72 0.6 3 10.57 70 21| 43 3.6 25 4.0 7.0
BRB2.0 D 3.5-4 2 2911 1 100% 45 3.0 1.3 3 0.45] 29 72 0.6 3 |[0.57 70 21| 43 3.6 25 4.0 7.0
BRB3.0 D 10-10.5 2 2912 1 100% 43 3.0 1.3 3 0.37[ 29 133 1.0 3 10.57 70 21| 44 5.3 36 5.0 [ 10.0
BRB3.0 D 10.5-11 2 2912 1 100% 43 3.0 1.3 3 0.37] 29 133 1.0 3 |[0.57 70 21| 44 5.3 36 5.0 | 10.0
BRB6.0 D 10-10.5 1 2913 1 100% | 108 4.0 2.0 4 037 71 247 3.0 4 10.37 70 481 72 [ 17.7 | 116 [ 7.0 [ 10.0
BRB6.0 D 10.5-11 1 2913 1 100% [ 108 4.0 2.0 4 037] 71 247 3.0 4 10.37 70 48| 72 | 17.7 | 116 [ 7.0 { 10.0
BRB6.0 D 15-15.5 1 2914 1 100% | 108 4.0 2.0 4 037 71 247 3.0 4 10.37 70 481 72 [ 17.7 | 116 [ 7.0 [ 10.0
BRB6.0 D 15.5-16 1 2914 1 100% [ 108 4.0 2.0 4 037] 71 247 3.0 4 10.37 70 48| 72 | 17.7 | 116 [ 7.0 { 10.0
BRB6.0 H 9-9.5 1 2915 1 100% | 108 4.0 2.0 4 037 71 247 3.0 4 10.37 70 481 72 [ 17.7 | 116 [ 7.0 [ 10.0
BRB6.0 H 9.5-10 1 2915 1 100% [ 108 4.0 2.0 4 037] 71 247 3.0 4 |[0.37 70 48| 72 | 17.7 | 116 [ 7.0 | 10.0
BRB2.0 H 10-10.5 2 2916 1 100% 45 3.0 1.3 3 045 29 72 0.6 3 10.57 70 21| 43 3.6 25 4.0 7.0
BRB2.0 H 10.5-11 2 2916 1 100% 45 3.0 1.3 3 0.45] 29 72 0.6 3 |[0.57 70 21| 43 3.6 25 4.0 7.0
BRB6.0 H 10-10.5 1 2917 1 100% | 108 4.0 2.0 4 037 71 247 3.0 4 10.37 70 481 72 [ 17.7 | 116 [ 7.0 [ 10.0
BRB6.0 H 10.5-11 1 2917 1 100% [ 108 4.0 2.0 4 037] 71 247 3.0 4 |[0.37 70 48| 72 | 17.7 | 116 [ 7.0 | 10.0
BRB2.0 H 15-15.5 2 2918 1 100% 45 3.0 1.3 3 045 29 73 0.6 3 10.57 70 21| 43 3.6 25 4.0 7.0
BRB2.0 H 15.5-16 2 2918 1 100% 45 3.0 1.3 3 1045] 29 73 0.6 3 10.57 70 21| 43 | 3.6 25 40 [ 7.0
BRB6.0 H 15-15.5 1 2919 1 100% | 108 4.0 2.0 4 037 71 247 3.0 4 10.37 70 481 72 [ 17.7| 116 [ 7.0 [ 10.0
BRB6.0 H 15.5-16 1 2919 1 100% [ 108 4.0 2.0 4 037] 71 247 3.0 4 |0.37 70 48| 72 | 17.7 | 116 [ 7.0 [ 10.0
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

P Building E;Elyning
uya I I u p F S B Engineering || Public Works

Fire Traffic

Calculation Submittal Package

Description

Section 4. Bottom Gusset Beam to Column Flange (Strong-Axis) Connection Sample Calculation
Bottom Connection Summary Tables
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Bottom Gusset Connection
(Top Connection Similar) E"g:_ee""g P”bT"c :ws

Example Mark #: 2902
Line 6, Grid D-D.5, Level 2

CORE PLATE
Dcb

T~ GUssET PLATE
LUG PLATE

eb

Dbb

eb

GUSSET CONNECTION
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Example Mark #: 2902
Uniform Force Method - AISC 360 - Bracing Section

4.0 DESIGN CRITERIA
Area of Yielding Steel Core A 2.25in2 (1452 mm?2)

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Maximum Yield Stress of Core Material i Fy-max: 43 ksi (296 MPa)

Compresssion Strength Adjustment Factor EnoER ] |[RUbligorks B: 1.12
Fire Traffic
Strain Hardening Adjustment Factor w: 1.35
Connection Strain Hardening Factor CF: 1.00
Adjusted Brace Strength (Design Axial Load) in Compression (CF*BwF,.-maxAsc) Pyc: 146.3 kip (651 kN)
Adjusted Brace Strength (Design Axial Load) in Tension (CF*wF,.maxAsc) P 130.6 kip (581 kN)
Width of Lug W, 7.38in (187 mm)
Column Depth Dy 12.10in (307 mm)
Column Web Thickness twet 0.39in (10 mm)
Column Flange Thickness tr: 0.61in (15 mm)
Column Flange Width brc: 12.00 in (305 mm)
Column Web Doubler Plate Thickness (one side) twepL: 0.00 in (0 mm)
Beam Depth Dpp: 20.70 in (526 mm)
Nominal Depth of Beam DNpy: 20.70 in (526 mm)
Beam Web Thickness twb: 0.35in (9 mm)
Beam Flange Thickness th: 0.45in (11 mm)
Beam Flange Width b 6.50 in (165 mm)
Beam Distance from Outer Face of Flange to Toe of Fillet Kdesb: 0.95in (24 mm)
Column Distance from Outer Face of Flange to Toe of Fillet Kdesc: 1.20in (30 mm)
Beam Web Doubler Plate Thickness (one side) EwbpL: 0.00 in (0 mm)
Angle Between the Beam and Brace CL Ocs: 0.964 rad 55.2°
Angle Between the Column and Brace CL Ourm: 0.607 rad 34.8°
Min Clear Distance from Face of Beam to Edge of Lug bpot-am: 2.00 in (51 mm)
Min Clear Distance from Face of Column to Edge of Lug bpot-col: 2.22in (56 mm)
Gusset Extension to Beam Extg: 1.00 in (25 mm)
Gusset Extension to Column Extc: 1.00 in (25 mm)
Distance from Last Bolt to Start of Radius on Lug b.: 0.96 in 25 mm)
Bolt Edge Distance e: 1.63in (41 mm)
Provided Stroke Distance at Each End of Brace c 3.00in (76 mm)
Distance Between End of Core and Gusset a: 4.00 in (102 mm)
4.1.0 GEOMETRY CALCULATIONS - UNIFORM FORCE METHOD
Length from WP to Bottom Tip of Brace
Length from WP to Outside Edge of Col along WorkLine
Lo, = (Dev/2)/COS(Bcg) Lep: 10.60 in (269 mm)
Length from Edge of Column to Tip of CB along WL
Licb = [Bbot-co + (W1/2)]/COS(Bcs) - (e + by) Lio:! 7.77 in (197 mm)
Length from WP to Top Edge of Beam along WL
Lob = (DNpy/2)/SIN(6cs) Lpp: 12.60 in (320 mm)
Length from Edge of Beam to Tip of CB along WL
Libb = [Boot-sm + (Wi/2)1/SIN(Bcs) - (e + by) Lipb: 4.34in (110 mm)
Controling Length is MAX(Lcp+Licp , Lop+Lipy) Lip: 18.38 in (467 mm)
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Length from Square Projection to Edge of Gusset (CB Lap on Gusset)
Horizontal Distance from Column to WP (D/2)

Vertical Distance from Beam to WP (DN/2)

Minimum Weld on Column from Geometry

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fire Traffic

Lgc_min = (Lo + Lg)"SIN(Bcg) + (W/2 + Extc) COS(Bcg) - DNpyp/2

Minimum Weld on Beam from Geometry

Lgb_min = (Lip + Lg)*COS(Bcs) + (W/2 + Extg)*SIN(8cg) - Den/2

Dist from Face of Col Fl to Centriod of Gusset-to-Beam Connection (UFM)

Omin = Lgb_min/2 Olmin

Oyang = Hand Input Value to Force Olhand

6.49 in (165 mm)

6.49 in (165 mm)

If Hand Input Value is Different from o,y use Hand Input Value

Inside Weld Deducts:
Outside Weld Deducts:
a Dist for Weld (1/2 of the actual weld length used for design)

a Dist from face of column to mid point on beam welds
Opar = WDgm,1n + Qg

Dist from Face of Beam Fl to Centriod of Gusset-to-Column Connection (UFM)

Brin = Lac min/2 Brmin

Bhana = Hand Input Value to Force BHand

7.10in (180 mm)

7.10in (180 mm)

If Hand Input Value is Different from B, use Hand Input Value

Inside Weld Deducts:

Outside Weld Deducts:

B Dist for Weld (1/2 of the actual weld length used for design)

B from face of beam to mid point on column welds
Bbar = WDcol,1n + Bqg

Constants for Connections not in Equilibrium
K = e, TAN(Byewm) - ec

K' = Olar[ TAN(Burm) + Olbar/Bhar]

D = (TAN(Burm))? + (Olbar/Brar)?

Final values of o and B
Olne = [K*TAN(Byrm) + K(Ctoar/Boar)21/D

Bre = [K' - K*TAN(Byem)1/D

r= V(g + €2 + (Bre + €5)2)
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Lg: 8.25in
e: 6.05 in
€p: 10.35in
Lgcﬁmm: 14.19in
Lgb_min: 12.99in
Olmin’ 6.49 in
WDgm,1n 1.50in
WDgm,out: 0.50 in
Og: 5.49in
Opar: 6.99 in
Bmin: 7.10in
WDgo|,1n: 1.50 in
WDcoi,0ut: 0.50 in
Bq: 6.10in
Bbar: 7.60 in
K: 1.14in
K': 11.301in

D: 1.33
Olne 6.63 in
Bre: 7.90 in
r: 22.22in

(210 mm)
(154 mm)
(263 mm)

(360 mm)

(330 mm)

(165 mm)
(38 mm)
(13 mm)

(140 mm)

(178 mm)

(180 mm)
(38 mm)

(13 mm)

(155 mm)

(193 mm)

(29 mm)

(287 mm)

(168 mm)
(201 mm)

(564 mm)



4.2.0 GUSSET STRESS CALCULATIONS - AISC 360

¢ X2

COL FLANGE

OR WEB ~__

ggRSE_IT:I'_: P|_ Developmcei;)tlgf sgryrr?llllt?npg Services
ISSUED PERMIT
Building
~ Engineering Public Works
Fire I Traffic ‘
EXTENT OF —
LUG HEAD
GUSSET PL —
/// N
//l
a
Ve \ BASE PL
e OR BM FL
4.2.1 WHITMORE SECTION STRESS CHECK
LRFD Resistance Factor dw: 0.90
Number of Bolts in Inside Row n;: 2
Number of Bolts in Outside Row no: 0
Total Number of Bolts at Each End 2(n; + n,) Np: 4
Bolt Spacing s: 5.00 in (127 mm)
Minimum Yield Strength of Gusset Fya: 50 ksi (345 MPa)
Minimum Tensile Strength of Gusset Fuq: 65 ksi (448 MPa)
Thickness of Gusset Plate ta: 1.00 in (25 mm)
Thickness of Repad Plate for Design: t. 0.00 in (0 mm)
Whitmore Angle Bwhtm 30.0° 0.524 rad
Total Length Between Outer Bolt Holes Lg, = L, - 2e Lg: 5.00 in (127 mm)
Vertical Distance to Top Bolt on Beam Side of CL
Y1 = Lgemin - (W + Extc - €)"COS(Bcg) - €*SIN(Bcg) Yy 9.01in (229 mm)
Horizontal Distance to Top Bolt on Column Side of CL
X2 = Labemin = (W, + Extg - €)*SIN(B¢g) - €'COS(Bcs) Xy 6.52 in (166 mm)
Whitmore Length if Not Limited by Beam or Column
hg; = Lg/COS(Bwhim) hg;: 5.77 in (147 mm)
Gusset Condition: FHG: FALSE
FHG - Full Height Gusset
NFG - Non Full Height Gusset
Whitmore Length if Limited by Beam hgm 9.04 in (230 mm)
IF Then
FHG = TRUE hgm = hg;
FHG = FALSE hgm = Y1/SIN(Bcg + Bwhtm)
Whitmore Length if Limited by Column
heot = X2/COS(Bcg - Bwhim) heor: 7.21in (183 mm)
Constrain Whitmore Section within Gusset Plate? WSG: FALSE
Whitmore Area Ay = 9.90 in2 (6386 mm?2)
IF Then
WSG = TRUE A, = [2:min(hg,hgm,heor) SIN(Bwhim) 1ty + (W, - 2€)°(ty + 2t,)
WSG = FALSE Ay = [2'Lgr TAN(Byhim)1'tq + (Wi - 2€)"(tq + 2t,)
Whitmore Capacity ¢Row = dw'Aw'Fyq ORnw: 445.4kip | (1981 kN)
Whitmore Stress Ratio
DCRw = Py/¢Rnw DCRy: 0.29 |
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City of Puyallup

4.2.2 Gusset Plate Buckling Development & Permitting Services
. ; ISSUED PERMIT
LRFD Resistance Factor for Compression alidhA

Engineering Public Works

Modulus of Elasticity of Gusset Plate Material

Fire Traffic

Effective Length Factor for Gusset Buckling

Average Buckling Length
Average of L;, L,, & L 3. If average is less than zero, zero is used (Gusset is Elastic).

Radius of Gyration of Gusset r, = V/(t,2/12)
Gusset Slenderness Parameter A = Kgy'L'/(rg'n) V/(Fyo/Ecst)
Gusset Buckling Capacity $Rq.gb = $c"0.658"(\:2)"Fyg' Ay
Gusset Buckling Capacity Ratio

DCRgy = Pyc/$Rn-gn

4.2.3 Gusset Plate Buckling (Out-of-Plane)
LRFD Resistance Factor for Bending

A. Consider Self Weight of Brace Out-of-Plane Acting on Gusset
Assumed Spectral Acceleration
Factor on Sp
Importance Factor
Brace Weight
Additional Out-of-Plane Force on Gusset (when present).

Out of Plane Force at Each End of Brace due to BRB Self Weight
SW Foop = Fsa'SaI,"Wtui/2 + Fadat-oop/end

Moment Arm
Mam oop= Lq+a+2:C

Resulting Self Weight Out-of-Plane Moment
SW Moop = Foor'Marm oop

B. Consider Adjusted Brace Strength at Out Of Plane Frame Deformation
Story Drift Factor (Usually 2x, But if considering 100% of ABS, Use only 1/3 of this)
Story Drift (See Stiffness Section for Calculation)

Drift Angle
Bsp=ATAN(SD"Fsp)

Percentage of Adjusted Brace Strength to Consider
Use either 100% ABS and 1/3 of 2xSD, or 30% ABS and 2xSD

Out of Plane component of FygsxAdjusted Brace Strength
Py = Fags Puc'SIN(Bsp)

Moment Arm (consider PH applied at centroid of BRB-gusset connection)
Marm ph = Lio/2

Resulting Horizontal Moment
Mpn = Py"Mam_ph
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oc! 0.90
Egat: 29000 ksi
Kap: 1.00
L 4.54in
fg: 0.29 in
A 0.21
¢Rn-gb: 437.4 klp I
DCRgp: 033 |
bt 0.90
S 1.01g
Fsa 0.40
L 1.00
W, 1.57 kip
Fadar-oop/end: 0.00 kip
Foop: 0.316 kip
Marm oop: 18.25in
Moop: 5.8 kip-in
Fsp: 0.67
SD: 1.00%
Bsp: 0.0067
Fags: 100%
Pui 0.98 kip
MArmipH: 4.13in
Mpy 4.02 k-in

(199955 MPa)

(115 mm)

(7 mm)

(1946 kN)

(7.0 kN)

(0.0 kN)

(1 kN)

(464 mm)

(652 kN-mm)

(0.38°)

(4.3 kN)

(105 mm)

(455 kN-mm)



C. Consider Total Moment from Part A and B

Total Out of Plane Moment
My = Moop + Mpy

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Engineering Public Works
Fire Traffic

Length of potential yielding line (disregarding concrete where occurs)

To Intersection with Column
To Intersection with Beam/BP
Total Length Li=L.+ Ly
Plastic Modulus
Z, = Lit/4
Design Flexural Strength
oM, = by ZyFyq
Gusset Flexure Capacity Ratio
DCRyr = My/0M,,

Combined Gusset Buckling & Flexure DCR

IFDCRg, 2 0.2,  DCRgpsf = DCRgp + (8/9)DCRy¢
IFDCRg, < 0.2,  DCRgpyr = (1/2)DCRy, + DCRy

4.3.0 FORCE CALCULATIONS - AISC 360 BRACING SECTION

Force at the Column Face
Vertical Force V= Py *Be/r

Horizontal Force H,. = Py*eJ/r

Moment at Column My = Hyc*|Bre - Boarl

Force at Beam Face
Vertical Force V, = Pc*ep/r

Horizontal Force Hy, = Pyc*oye/r

Moment at Beam My, = Vip*|otne = Opar

Equivalent Stress for Mu
Huc eq = 6"Mud/(2°Bg) + Huc
Vub,eq = 6.Mub/(2.aq) + Vub
Where 28, =Ly, 20 5= Ly

Stresses at the interface between Gusset Plate and Column:

fie= Vud/2Bq
fre = Hu/2Bq

foc =6Myc/(2Bo)”

Stresses at the interface between Gusset Plate and Beam:

fuo= Vub/ZOLCI
fuo = Hub/20

fop =6Mu/(201)

4.4.0 WELD DESIGN & STRESS CHECKS - AISC 360

Weld Material Minimum Yield Strength

Minimum Yield Strength of Beam ASTM
Minimum Tensile Strength of Beam ASTM
Minimum Yield Strength of Col ASTM
Minimum Tensile Strength of Col ASTM

Weld Ductility Factor
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M,: 10 k-in
L 11.0in
Lp: 10.0in
L 21.0in
Z,: 5.25in3
oM, 236 k-in
DCRg: 0.04
DCRgb+f: 0.37
DCRgp ¢! -
Vic 52.0 kip
Hyc: 39.8 kip
Myc: 12.0 kip-in
Vip: 68.1 kip
Hyp: 43.6 kip
Myp: 25.1 kip-in
Huc eqt 45.8 kip
Vb eq: 81.9 kip
fuc 4.27 k/in
fhe: 3.27 k/in
foc: 0.49 k/in
fub: 6.20 k/in
fhp: 3.97 k/in
fob: 1.25 k/in
Fexx: 70 ksi
Fygm: 36 ksi
Fugm: 58 ksi
Fycort 36 ksi
Fucol: 58 ksi
Mg 1.25

(1106 kN-mm)

(280 mm)
(253 mm)

(533 mm)

(85960 mm?3)

(26674 kN-mm)

(231 kN)
(177 kN)
(1360 kN-mm)

(303 kN)
(194 kN)
(2841 kN-mm)

(204 kN)
(364 kN)

(0.7 kN/mm)
(0.6 kN/mm)

(0.1 kN/mm)

(1.1 kN/mm)
(0.7 kN/mm)

(0.2 kN/mm)

(483 MPa)
(248 MPa)
(400 MPa)

(248 MPa)
(400 MPa)



4.4.1 INITIAL FILLET WELD CALCULATIONS
Angle of Resultant Demand on Column  8,,c = tan™(Hyc eal/ Vi)
Weld Capacity Increase Factor for Rotation at Column
C. = 1+0.5(sin(Bwc))**

Angle of Resultant Demand on Beam  8,,, = tan™(Vy ea/Hub)
Weld Capacity Increase Factor for Rotation at Beam
Cp = 1+0.5(sin(Bwb))**

Peak Stresses at the interface between Gusset Plate and Column:
fDeak c= \/(fbc+ch)2+fvc2)

Average Stresses at the interface between Gusset Plate and Column:
favq c= (\/(fbc'ch)z"'fvcz) + foeak 2

Control Stresses at the interface between Gusset Plate and Column:
feont_c =Max (e favg o fpeak <)

Peak Stresses at the interface between Gusset Plate and Beam:
foeak b = V(Fob+up) 2+

Average Stresses at the interface between Gusset Plate and Beam:
fava b = (V(FobFun) 2+ ) +Hocakc )/2

Control Stresses at the interface between Gusset Plate and Beam:
feont_b =Max(ue favg_b, +fpeak_b)

Initial Weld Required at Beam and Column

fconl _c

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fire Traffic

D =

wel -
0.75 107071 ¢ ro (5 Lines)C.
D _ .fcontib
wbl — -
0.75 07071 (o (2 Lines)C,

eex

4.4.2. BEAM/COLUMN STRESS CHECKS
Gusset and Opposing Brace Conditions
Opposing Gusset Case - BELOW (for Beam):

"Yes" - There is a gusset plate directly below this plate.
"No" - There is not a gusset plate directly below this plate.

Vw,occ: (For equal capacity oposing brace = V yp, )
Apportionment Factor: Pocc,gelow = Vub,06c/Vup +1

Opposing Gusset Case - ACROSS (for Column):

"Yes" - There is a gusset plate directly across from this plate.
"No" - There is not a gusset plate directly across from this plate.

¢0GC,Across: =1if OGC = YES
= 0 otherwise

Gusset Condition:
FHG - Full Height Gusset
NFG - Non Full Height Gusset

Assumed Beam Reaction (EOR to Verify)
Beam Reaction Adjusted for OCG R'y, = Ryp/docc,selow

Consider half of reaction if OCG = YES because only half of beam shear capacity is considered.

Other half is considered in the design of the opposing gusset.

Beam/Column Web Capacity
tuoo: = tg if FHG
= t,, if NFG

Pseudo Thickness of Beam Web
(Amount to use to calc weld to column for FHG)

twob1: = twop if twop # 0 AND FHG = TRUE
= t,pp Otherwise

Beam and Column Shear Capacities
Vb = 0.6"Fyam’(Svb twbb1 +0-9 tubpL) Dob/$occ Beiow
v = 1.00
dVnpe = Shear Capacity of Beam at Col Connection
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Buc: 0.72 rad
C.: 1.27
B 1.08 rad
Cp: 1.41
foeak c: 5.68 k/in
favg o 5.39 k/in
fcont_c: 6.73 k/in I
fueak be 8.44 k/in
fava bt 7.39 k/in
foont b 9.24 k/in |
Duct: 1.91 (16ths) |
Dypi: 2.35 (16ths) |
OGCgeion: No
Vib,06c: 0.0 kip
Poac Below: 1.0
OGCAcruss: No
¢0GC,Across: 0
FHG: FALSE
Rup: 30.0 kip
R'up: 30.0 kip
twbb: 0.35in
twbb: 0.00 in
[ WASH 0.35in
OVip: 156.5 kip
OVibe: 117.4 kip

41.3°

61.9°

(1.0 kN/mm)

(0.9 kN/mm)

(1.2 kN/mm)

(1.5 kN/mm)

(1.3 kN/mm)

(1.6 kN/mm)

(3 mm)

(4 mm)

(0 kN)

(133 kN)
(133 kN)

(9 mm)

(0 mm)

(9 mm)

(696 kNN)

(522 kN)



OVne = ¢Vc'¢Vc,BP'0'6'FVCoI'(twc + tworl) Db OVpe: 101.9 kip
bve = 1.00
Oyepp = 1.00 Accounts for shear cap reduction at BP if needed.
(Includes removal of WAH, etc where occurs.)
Beam Web Check
S = (R'up + Vip)/Min(@Vns, $Vibe) I S 0.84
Transfer Force if Greater than 1.0
Vertical Force in Excess of Beam Web (or Connection) Capacity
AVyp: = 0kipifty, =0 AV 0.0 kip
= 0 kip if R'yp + Vyp - Min(¢Vpp, ®Vipe) < 0
= R'yp + Vup - Min(Vyp,$Vope) Otherwise
See Resultant Moment Shear Check on Beamy/Col at End of Revised Weld Calculations
Column Web Shear Check
Point Load on Column from Opposing Gusset Hycocc: 0.0 kip
For equal capacity opposing brace = (HUc/B)* ¢ o6 across
DCRewy = (Huc+Huc,OGC)/¢Vnc I DCRuw! 0.39
If this DCR is >1.0 then column web must be reinforced or thickened.
4.5.0 REVISED FORCE CALCULATIONS TO ACCOUNT FOR FORCE TRANSFER TO COLUMN WELD
AMy, = AV, " opar  (Zero if no force transferred to weld) AMp: 0.0 kip-in
Moment Demand on Weld at Beam:
Mubz = Vib * [tng = Otpar| Mub2: 25.1 kip-in
Equivalent Vertical Demand on Weld from M:
Vub,qu =6 (Myp, + AMub)/(zmcl) + (Vb - AVy) Vub,eqz: 81.9 kip
Stresses at the interface between Gusset Plate and Column: City of Puyallup
Fue= (Vuc+AVuo)/2Ba " SSUED pERMIT Fuc: 4.27 kfin
Building
f‘Hc = Huc/2[3q Engineering || Public Works f‘Hc: 3.27 kfin
Fire Traffic
e =6Myo/(2B4) Floct 0.49 k/in
Stresses at the interface between Gusset Plate and Beam:
fuo=(Vub-AVup)/ 20 fup: 6.20 k/in
fup = Hup/204 fib: 3.97 k/in
fop =6(Myba*+AMyb)/ (20> fiop: 1.25 k/in
4.6.0 WELD DESIGN/STRESS CHECKS FOR REVISED FORCES
4.6.1 FINAL FILLET WELD CALCULATIONS
Angle of Resultant Demand on Column:
Buc = TAN-I[Hucfeq/(Vuc + AVyp)] Buc: 0.722 rad
Weld Capacity Increase Factor for Angle at Column
Cye = 1+0.5[SIN(B,,0)]*° Cye: 1.268
Angle of Resultant Demand on Beam:
Bub = TAN (Vi eq2/Hup) B 1.081 rad
Weld Capacity Increase Factor for Angle at Beam
Cup = 1+0.5[SIN(B)]"° Cyp: 1.415
Peak Stresses at the interface between Gusset Plate and Column:
foeak ¢ = \/(f'bc"'f'Hc)z"'f‘vcz) fpeak ¢t 5.68 k/in
Average Stresses at the interface between Gusset Plate and Column:
Favgc = (V(Focfhc)24+F07) + Focai c)/2 favg_c: 5.39 k/in
Control Stresses at the interface between Gusset Plate and Column:
Feont_c =Max(be f'avg_cs Fpeak c) feontc: 6.73 k/in
Peak Stresses at the interface between Gusset Plate and Beam:
Fpea b = VFop+up)2+F 1) fpeak_b* 8.44 k/in
Average Stresses at the interface between Gusset Plate and Beam:
Favgb = (V(FobFo) 2+ 16" +F peak )/2 favg_b* 7.39 kfin
Control Stresses at the interface between Gusset Plate and Beam:
Feont_b =Max(ite Favg_b, +'peak b) Feont b 9.24 k/in
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(453 k)

(0 kN)

(0 kN)

(0 kN-mm)

(2841 kN-mm)

(364 kN)

(0.7 kN/mm)
(0.6 kN/mm)

(0.1 kN/mm)

(1.1 kN/mm)
(0.7 kN/mm)

(0.2 kN/mm)

41.3°

61.9°

(1.0 kN/mm)

(0.9 kN/mm)

(1.2 kN/mm)

(1.5 kN/mm)

(1.3 kN/mm)

(1.6 kN/mm)



Final Weld Required at Beam and Column

D _ f'contic
we2 T -
0.75AMO-T07L ) o (3 Lines)C,.
f'com‘ b
owZ = =

(1in)0.7071

0.75 0.6F,, (2Lines)C,,

eex

Min Weld Size for Gusset
If: ty < 0.50", Dyy-min = 3/16"
0.50" < tq < 0.75", Dymmin = 1/4"
ty > 0.75", Dy-min = 5/16"

City of Puyallup
Final Weld Size to Use: e e erices
Duc = MAX(Dycts Dwcas Dy-min) Building
Rounded Up: Engineering ["Public works |
Use: Fire Traffic

Duwb = MAX(Dup1, Dub2s Dw-min)
Rounded Up:
Use:

Gusset Weld Comparison (Based on Non-Rounded Dwb & Dwc)
DCRybmbg = 2'[(ow/le)/\/z].Fexx/(tg-Fug)

DCRyombf = [(Dun/16)/ V2] Fex! (tro Fusm)
Not applicable at BP
DCwamcg = 2'[(ch/le)/\/z].Fexx/(tg-Fug)

DCRypmer = [(chjls)/\/z]'Fexx/(tfc'FuCOI)

Beam and Column Weld Filler Base Metal Compatiblity Check
DCwam,Bm = ‘/Z/Z'Fexx/FuBm
DCwam,CoI = ‘/Z/Z.Fexx/FuCol

4.7.0 Col & Bm Web Yielding and Crippling - AISC 360 J10

4.7.1 Web Yield Check - EQ J10-3
Beam Distance from Outer Face of the Flange to the Web Toe of the Fillet

Column Distance from Outer Face of the Flange to the Web Toe of the Fillet

Beam Web Local Yielding Capacity
®Rayp = 1.0°(2.5Kgesn + 0tg)"(twbn + twopr) Fyem

Beam Web Yielding Unity Check
DCRwyb = (max(vub,eqrvub,eqz)/z)/¢Rnyb
Provide Stiffener if DCR ,,, > 1.0

Column Web Local Yielding Capacity
d)anc = (2.5Kgesc + Bq)'(twcb + twcPL)'FvCol

Column Web Yielding Unity Check
I:)CRwyc = (Huc_eq/z)/q)Rnyc
Provide Stiffener if DCR . > 1.0

4.7.2 Web Crippling Check - EQ J10-5b
LRFD Resistance Factor for Crippling

Modulus of Elasticity of Steel

Beam Web Crippling Capacity

ORncy = her0-4(twpy + thbPL)2

4a twps + 2t L8
1+ <_g_ 0.2)< wbb WbPL)
Dpp trpb
Beam Web Crippling Unity Check

DCRyep = (max(Vub_eqlvub_eqz)/z)/¢Rncb
Provide Stiffener if DCR o > 1.0
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| Due 1.91 (16ths)
| Duw 2.35 (16ths)
| Duwmin 5.00 (16ths)
| Du 5.00 (16ths)
Dy 5.00 (16ths)
D! 5/16"
| Dw: 5.00 (16ths)
Dy 5.00 (16ths)
Dy 5/16"
I DCwambg: 0.48
| DCRyupmor: 0.59
I DCwamcg: 0.48
| DCRuomes: 0.44
DCwam Bm* 0.85
DCvabm Col: 0.85
Keesp® 0.95in
kdesc: 1.20in
ORnyb: 99.2 kip
| DCRup: 0.41
¢Rnyc: 127.7 kip
| DCRuc: 0.18
der! 0.75
E: 29000 ksi
¢Rncb: 67.7 kip
| DCRuw: 0.60

(3 mm)

(4 mm)

(8 mm)

(8 mm)
(8 mm)
(8 mm)

(8 mm)
(8 mm)
(8 mm)

(24 mm)

(30 mm)

(441 kN)

(568 k)

(199955 MPa)

(301 kN)



City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Column Web Crippling Capacity Bjudhd

Engineering Public Works

4ﬂg twep + twepr 15 FyColtfch Fire Traffic
1+ . 0.2

PRnce = Per0.4(Ewep + twcPL)z
cb tfcb tweb t twepL

PRyt 112.6 kip (501 kN)
Column Web Crippling Unity Check
DCchc = (Huc_eq/Z)M)Rncc I DCchc: 0.20 I
Provide Stiffener if DCR ., > 1.0

4.7.3 Required Stiffener Thickness

Beam Stiffener Required?
Required if DCR ., > 1.0 0r DCR yep > 1.0 FALSE

Total Force Taken by Stiffeners Vit 0.0 kip (0 kN)
Vsirr = Max(Vup ear Vub ea2)/2 ~MiN($Ryb, PRnch)

Required Stiffener Area (Each Side of beam web) Acstreq 0.00 in2 (0 mm?2)
Aest,req = (Vsari/2) / (0-9*Fvbc)

Stiffener Width (Each side of beam web) bgt 3.08 in (78 mm)
bg = (bry-twn)/2

Required Stiffener Thickness (Each side of beam web) tetreq 0.00 in (0 mm)
totrea = Aestrea / Dst

USE:  (Metric size based on t ge;) | [ 0.00 in | (0 mm)

Column Stiffener Required?

Required if DCR . > 1.0 or DCR ,oc > 1.0 FALSE
Total Force Taken by Stiffeners Vatite 0.0 kip (0 kN)
Vetifr = Huc,ea/z'min(¢anc1¢Rncc)
Required Stiffener Area (Each Side of beam web) Acstreq 0.00 in2 (0 mm?2)
Aest,req = (Vsai/2) / (0-9*Fvbc)
Stiffener Width (Each side of beam web) bg 5.81in (147 mm)
byt = (bretuc)/2
Required Stiffener Thickness (Each side of beam web) tet req 0.00 in (0 mm)
tstreq = Aestrea / Dt
USE: (Metric size based on t s e;) | [ 0.00 in | (0 mm)
4.8.0 Summary
4.2.1 Whitmore Section Stress DCRy: 0.29
4.2.2 Gusset Plate Buckling DCRyy: 0.33
4.2.3 Gusset Plate Combined Buckling & Flexure DCRgp.: 0.37
4.4.2 Column Web Shear Check DCR 0.39
4.6.1A Gusset Weld Base Metal Check at Beam (Gusset) DCR ybmba: 0.48
Gusset Weld Base Metal Check at Beam (Flange) DCRypmbf: 0.59
4.6.1B Gusset Weld Base Metal Check at Column (Gusset) DCRybmeq: 0.48
Gusset Weld Base Metal Check at Column (Flange) DCRpmef: 0.44
4.6.1C Beam Weld Filler Material Base Metal Compatability Check DCR ybm,em: 0.85
Column Weld Filler Material Base Metal Compatability Check DCR yom,col: 0.85
4.7.1 Beam Web Yield Check DCR bt 0.41
4.7.1 Column Web Yield Check DCRyyc: 0.18
4.7.2 Beam Web Crippling Check DCRycp: 0.60
4.7.2 Column Web Crippling Check DCR.: 0.20

Provide Stiffener if DCR ,,, or DCR e > 1.0
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77

COREBRACE

City of Puyallup

Development & Permitting Services
ISSUED PERMIT

BEAM/COL FLANGE BOTTOM CONNECTION

SUPERIOR SEISMIC PERFORMANCE Building Iynfpg
Engineering Public Works
Project: Puyallup PSB Fire Traffic
Location: Puyallup, WA
Job: 6910
Specimen ID and Location Section 4.0 Design Criteria

EOR-ID Line Grids Lvis Mark Qty Asc Fy-max Puc Put WL Dch twc tfc bfc twcPL Dbb DNhh twb tfb bfh kdesb kdesc twI:tI:tPL eCB eUFM I:’bot-Bm bbot»CoI Extg Extc I:’r e c a

# # # # # in? ksi kip | kip in in in in in in in in in in in in in in rad | rad in in in in in in in in
BRB2.25 6 D-D.5 2 2902 1 2.25 43 [1.12[1.35[(1.00( 146 | 131 | 7.38 |12.1]0.39] 0.61 | 12.00| 0.00 |20.7|20.7{0.35|10.45| 6.50 [ 0.95 | 1.20 | 0.00 [0.96] 0.61 | 2.00 | 2.22 1.00 1.00 | 096 ]| 163 3.0 | 4.0
BRB2.75 11 D-D.5 2 2907 1 2.75 43 11.14]1.36[/1.00| 183 ) 161 | 7.38 | 7.3 ]0.70( 0.35 [ 6.00 | 0.00 | 17.7]17.7]10.30/0.43| 6.00 { 0.83 | 1.00 | 0.00 |0.93] 0.64 | 3.46 [ 2.00 1.00 1.00 [ 096|163 ] 3.0 | 4.0
BRB2.75 15 H-H.5 2 2910 1 2.75 43 [1.14[1.36(1.00( 183 | 161 | 7.38 | 7.3 ]0.70] 0.35 | 6.00 | 0.00 |17.7|17.7{0.30|/0.43| 6.00 [ 0.83 | 1.00 | 0.00 [0.93| 0.64 | 3.46 | 2.00 1.00 1.00 | 096 ]| 163 3.0 | 4.0
BRB3.0 D 10-10.5 2 2912 1 3.00 43 11.18]1.26[1.00] 192 ) 163 | 7.38 | 6.0 |0.70[ 0.35 [ 6.00 | 0.00 | 26.7]|26.7|0.46|0.64| 10.00( 1.24 | 1.00 | 0.00 |0.84] 0.73 | 2.30 [ 2.00 1.00 1.00 [ 096 ] 1.63] 3.0 | 4.0
BRB3.0 D 10.5-11 2 2912 1 3.00 43 [1.18[1.26(1.00f 192 | 163 | 7.38 | 6.0 |0.70| 0.35 | 6.00 [ 0.00 |26.7|26.7[0.46]0.64| 10.00| 1.24 | 1.00 | 0.00 |[0.84| 0.73 [ 2.31 2.00 1.00 1.00 | 096 ]| 163 3.0 | 4.0
BRB6.0 D 10-10.5 1 2913 1 6.00 43 11.18]1.28[1.00] 390 ) 330 | 7.63 |12.1]0.39( 0.61 [ 12.00] 0.25 | 0.0 | 0.0 | 5.00/0.00| 5.00 { 1.00 | 1.20 | 0.00 |0.87{ 0.70 | 2.00 [ 2.40 1.00 1.00 [1.02]163] 3.0 | 4.0
BRB6.0 D 10.5-11 1 2913 1 6.00 43 [1.18[1.28(1.00f 390 | 330 | 7.63 |12.1]0.39] 0.61 | 12.00| 0.25 | 0.0 | 0.0 {5.00]0.00| 5.00 [ 1.00 | 1.20 | 0.00 (0.87| 0.70 | 2.00 | 2.40 1.00 1.00 [ 1.02] 163 3.0 | 4.0
BRB6.0 D 15-15.5 1 2914 1 6.00 43 11.18]1.28[1.00] 390 ) 330 | 7.63 |12.1]0.39( 0.61 [ 12.00] 0.25 | 0.0 | 0.0 | 5.00/0.00| 5.00 { 1.00 | 1.20 | 0.00 |0.87{ 0.70 | 2.00 [ 2.40 1.00 1.00 [1.02]1.63] 3.0 | 4.0
BRB6.0 D 15.5-16 1 2914 1 6.00 43 [1.18[1.28(1.00f 390 | 330 | 7.63 |12.1]10.39] 0.61 | 12.00| 0.25 | 0.0 | 0.0 {5.00)0.00| 5.00 [ 1.00 | 1.20 | 0.00 (0.87| 0.70 [ 2.00 | 2.40 1.00 1.00 [ 1.02] 163 3.0 | 4.0
BRB6.0 H 9-9.5 1 2915 1 6.00 43 11.18]1.28[1.00] 390 ) 330 | 7.63 |12.1]0.39( 0.61 [ 12.00] 0.25 | 0.0 | 0.0 | 5.00/0.00f 5.00 { 1.00 | 1.20 | 0.00 |0.87{ 0.70 | 2.00 [ 2.39 1.00 1.00 [1.02]163] 3.0 | 4.0
BRB6.0 H 9.5-10 1 2915 1 6.00 43 [1.18[1.28(1.00f 390 | 330 | 7.63 |12.1]0.39] 0.61 | 12.00| 0.50 | 0.0 | 0.0 {5.00]0.00| 5.00 [ 1.00 | 1.20 | 0.00 (0.87| 0.70 [ 2.00 | 2.40 1.00 | 3.00 [ 1.02|1.63] 3.0 | 4.0
BRB2.0 H 10-10.5 2 2916 1 2.00 43 11.13]1.35[1.00] 131 ] 116 | 7.13 |12.1]0.39( 0.61 [ 12.00| 0.00 | 26.7]|26.7|0.46|0.64| 10.00( 1.24 | 1.20 | 0.00 |0.85] 0.72 | 2.52 [ 2.00 1.00 1.00 [091[1.63] 3.0 | 4.0
BRB2.0 H 10.5-11 2 2916 1 2.00 43 [1.13[1.35[(1.00{ 131 ] 116 7.13 | 6.0 |0.70] 0.35 | 6.00 | 0.00 |26.7|26.7{0.46|0.64| 10.00| 1.24 | 1.00 | 0.00 [0.85/ 0.72 | 2.53 | 2.00 1.00 1.00 [ 091] 163 3.0 | 40
BRB6.0 H 10-10.5 1 2917 1 6.00 43 11.18]1.28[1.00] 390 ) 330 | 7.63 |12.1]0.39( 0.61 [ 12.00| 0.50 | 0.0 | 0.0 | 5.00/0.00| 5.00 { 1.00 | 1.20 | 0.00 |0.87{ 0.70 | 2.00 [ 2.39 1.00 [ 3.00 | 1.02|1.63[ 3.0 | 4.0
BRB6.0 H 10.5-11 1 2917 1 6.00 43 [1.18[1.28(1.00{ 390 | 330 | 7.63 |12.1]0.39] 0.61 | 12.00| 0.25 | 0.0 | 0.0 {5.00]0.00| 5.00 [ 1.00 | 1.20 | 0.00 (0.87| 0.70 | 2.00 | 2.39 1.00 1.00 [ 1.02] 163 3.0 | 40
BRB2.0 H 15-15.5 2 2918 1 2.00 43 11.13]1.36[/1.00] 132 117 | 7.13 | 6.0 |0.70 0.35 [ 6.00 | 0.00 | 26.7]|26.7|0.46|0.64| 10.00( 1.24 | 1.00 | 0.00 |0.84] 0.73 | 2.45 [ 2.00 1.00 1.00 [091[1.63] 3.0 | 4.0
BRB2.0 H 15.5-16 2 2918 1 2.00 43 [1.13[1.36({1.00{ 132 | 117 | 7.13 | 6.0 |0.70] 0.35 | 6.00 | 0.00 |26.7|26.7{0.46|0.64| 10.00| 1.24 | 1.00 | 0.00 [0.84| 0.73 | 2.44 | 2.00 1.00 1.00 [ 091] 163 3.0 | 40
BRB6.0 H 15-15.5 1 2919 1 6.00 43 11.18]1.28[1.00] 390 ) 330 | 7.63 |12.1]0.39( 0.61 [ 12.00] 0.25 | 0.0 | 0.0 | 5.00/0.00| 5.00 { 1.00 | 1.20 | 0.00 |0.87{ 0.70 | 2.00 [ 2.40 1.00 1.00 [ 1.02]1.63] 3.0 | 4.0
BRB6.0 H 15.5-16 1 2919 1 6.00 43 [1.18[1.28(1.00{ 390 | 330 | 7.63 |12.1]10.39] 0.61 | 12.00| 0.25 | 0.0 | 0.0 {5.00]0.00| 5.00 [ 1.00 | 1.20 | 0.00 (0.87| 0.70| 2.00 | 2.40 1.00 1.00 [ 1.02] 163 3.0 | 40
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COREBRACE
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City of Puyallup

Development & Permitting Services

ISSUED PERMIT

v FERFBEAM/COL FLANGE BOTTOM CONNECTION

Engineering Public Works

Fire Traffic
Project: Puyallup PSB
Location: Puyallup, WA
Job: 6910
Specimen ID and Location Section 4.1.0 Geometry Calculations - Uniform Force Method
Length WP to BOT Tip of BRB Length from Square Projection to Edge of Gusset
EOR-ID Line Grids Lvis Mark Qty| Loo | Lio | Loo | L | Lo | Lg | €cor| €8m| Tgemin | Tgbmin | @ min| WDgn1n | WDemout| 9g | @bar | B min] WDcon WDcoout | By | Boar | K K b ae | Bre r
# # # # # in in in in in in in in in in in in in in in in in in in in in in in in in

BRB2.25 6 D-D.5 2 2902 1 [106] 7.8 | 126 4.3 [18.38] 8.3 | 6.1 [10.4| 14.2 13.0 6.5 1.50 0.50 551 7.0 71 1.50 0.50 6.1 7.6 1.1 11.3 | 1.33[ 6.6 | 7.9 | 22.2
BRB2.75 11 D-D.5 2 2907 1 50] 69 ]11.0]| 6.3 [17.38] 83 [ 3.6 | 8.9 14.5 15.5 7.7 3.88 0.50 55 ] 94 7.2 2.50 0.50 571 82| 3.0 178 1186) 9.2 | 84 [ 215
BRB2.75 15 H-H.5 2 2910 1 50| 69 [11.0] 6.3 |17.38( 83 | 3.6 | 8.9 14.5 15.5 7.7 3.88 0.50 551 94 7.2 2.50 0.50 57 | 82 | 3.0 178 | 186 9.2 | 84 | 215
BRB3.0 D 10-10.5 2 2912 1 45| 59 [179( 5.5 [23.38] 83 | 0.0 |13.4] 133 21.6 10.8 1.50 0.50 98 | 11.3| 6.7 1.50 0.50 57 | 72 |1 120] 279 | 329[16.6[ 5.2 | 25.0
BRB3.0 D 10.5-11 2 2912 1 45 | 59 1179 55 [23.38] 83 [ 0.0 [13.4] 133 21.6 10.8 4.50 0.50 8.3 [12.8] 6.7 2.50 0.50 52 | 7.7 | 119 328 | 358|175 6.2 | 26.2
BRB6.0 D 10-10.5 1 2913 1 94 |1 70 ) 0.0 | 50 [16.38[ 15.3[ 6.1 ] 0.0 27.3 18.0 9.0 1.50 0.50 80| 95| 136 1.50 0.50 126 | 141 | -6.1 14.4 1 1.16| 81 | 16.8 | 21.9
BRB6.0 D 10.5-11 1 2913 1 94 | 70 [ 0.0 | 5.0 |16.38[ 15.3 ]| 6.1 | 0.0 27.3 18.0 9.0 1.50 0.50 8.0 [ 9.5 | 13.6 1.50 0.50 126 14.1] -6.1 144 | 116 8.1 [ 16.8] 21.9
BRB6.0 D 15-15.5 1 2914 1 94 ] 70 ) 0.0 | 50 [16.38[ 15.3[ 6.1 ] 0.0 27.3 18.0 9.0 1.50 0.50 80| 95| 136 1.50 0.50 126 | 141 | -6.1 14.4 1 117| 81 | 16.8 | 21.9
BRB6.0 D 15.5-16 1 2914 1 94 | 70 [ 0.0 | 5.0 |16.38[ 153 ]| 6.1 | 0.0 27.3 18.0 9.0 1.50 0.50 8.0 [ 9.5 | 13.6 1.50 0.50 12.6 [ 14.1] -6.1 144 | 117 81 [ 16.8] 21.9
BRB6.0 H 9-9.5 1 2915 1 94 ] 70 ) 0.0 | 50 [16.38[ 15.3[ 6.1 ] 0.0 27.3 18.0 9.0 1.50 0.50 80| 95| 136 1.50 0.50 126 | 141 | -6.1 144 1 1.16| 81 | 16.8 [ 21.9
BRB6.0 H 9.5-10 1 2915 1 94 | 70 [ 0.0 | 5.0 |16.38[ 15.3 ]| 6.1 | 0.0 28.6 18.0 9.0 1.50 0.50 8.0 [ 95 | 143 1.50 0.50 13.3[ 14.8 | -6.1 141 | 113 84 [ 17.1] 224
BRB2.0 H 10-10.5 2 2916 1 911 59 |178]| 56 [23.38f 83 [ 6.1]13.4] 134 18.3 9.1 1.50 0.50 81 ] 96 6.7 1.50 0.50 57 |1 72 | 57 | 214 | 258 11.3| 64 | 26.3
BRB2.0 H 10.5-11 2 2916 1 45| 59 |117.8| 56 [23.38] 83 [ 0.0 134 134 21.3 10.7 1.50 0.50 9.7 | 11.2| 6.7 1.50 0.50 57 | 7.2 | 118 | 272 | 3.19| 164 | 53 | 248
BRB6.0 H 10-10.5 1 2917 1 94 | 70 ) 0.0 | 50 [16.38[ 15.3[ 6.1 ] 0.0 28.6 18.0 9.0 1.50 0.50 80| 95| 143 1.50 0.50 13.3] 14.8 | -6.1 141 1112 84 | 171 224
BRB6.0 H 10.5-11 1 2917 1 94 | 70 [ 0.0 | 5.0 |16.38[ 153 ]| 6.1 | 0.0 27.3 18.0 9.0 1.50 0.50 8.0 [ 95 | 13.6 1.50 0.50 126 [ 14.1] -6.1 144 | 116 8.1 [ 16.8] 21.9
BRB2.0 H 15-15.5 2 2918 1 45 | 58 [ 179 5.5 [23.38] 83 | 0.0 |13.4] 133 21.4 10.7 4.50 0.50 8.2 | 127| 6.7 2.50 0.50 52 | 7.7 | 119 ] 324 | 355|174 6.2 | 26.1
BRB2.0 H 15.5-16 2 2918 1 45 | 58 | 17.9| 55 [23.38] 83 | 0.0 [13.4] 133 214 10.7 1.50 0.50 9.7 | 11.2| 6.7 1.50 0.50 57 | 7.2 | 119 276 | 325|165 52 | 249
BRB6.0 H 15-15.5 1 2919 1 94 | 70 ) 0.0 | 50 [16.38[ 15.3[ 6.1 ] 0.0 27.3 18.0 9.0 1.50 0.50 80| 95| 136 1.50 0.50 126 | 141 | -6.1 144 1116 | 8.1 | 16.8 [ 21.9
BRB6.0 H 15.5-16 1 2919 1 94 | 70 | 0.0 | 5.0 |16.38[ 153 ] 6.1 0.0 27.3 18.0 9.0 1.50 0.50 8.0 [ 95 | 13.6 1.50 0.50 126 [ 14.1] -6.1 144 | 117 81 [ 16.8] 21.9
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Development & Permitting Services

Building

City of Puyallup

ISSUED PERMIT

Engineering

Public Works

Fi

ire Traffic

EETBEAM/COL FLANGE BOTTOM CONNECTION

Specimen ID and Location

Section 4.2.0 Gusset Stress Calculations

4.2.1 Whitmore Section Stress Check

4.2.2 Gusset Plate Buckling

EOR-ID Line Grids Lvis Mark Qty njnoIny| s |Fyg|Fug] tg | trpes| Whtm Ang| Lg, Y1 X2 hg, | Full Ht] hgy, | hco | Constrain] Aun | dR,.wl Put Egst | K| L' ry $R,gb| Puc

# # # # # bw #|#| #] in | ksi]ksi] in in deg in in in in ] Guss?| in in | Whitmore | in? kip | $R, oo ksi in in in A kip | #Rngb
BRB2.25 6 D-D.5 2 2902 1 109|2]|0]4]5.000150|65]1.00] 0.00 30 5.00 | 9.01 | 6.52 [ 5.77 |[FALSE| 9.04 | 7.21 FALSE 9.9 445 | 0.29 | 0.90 |29000|1.00f 4.54 ] 0.29 | 0.21 | 437 0.33
BRB2.75 11 D-D.5 2 2907 1 [09[2[0]4][5.00f50(65[1.00]|0.00 30 5.00 | 9.14 | 9.09 | 5.77 |FALSE| 9.21 | 9.89 | FALSE 9.9 445 | 0.36 [ 0.90 {29000/ 1.00| 6.18 [ 0.29 | 0.28 | 431 0.43
BRB2.75 15 H-H.5 2 2910 1 109|2]|0]4]5.000150|65]1.00] 0.00 30 5.00 | 9.14 | 9.09 [ 5.77 |FALSE| 9.21 [ 9.89 | FALSE 9.9 445 | 0.36 | 0.90 |29000|/1.00| 6.18 | 0.29 | 0.28 | 431 0.43
BRB3.0 D 10-10.5 2 2912 1 [09[2[0]4]5.00[50(65[1.00]|0.00 30 5.00 | 7.62 | 15.48| 5.77 |FALSE| 7.79 | 16.29| FALSE 9.9 445 | 0.36 [ 0.90 |29000|1.00] 8.23 | 0.29 [ 0.38 | 420 0.46
BRB3.0 D 10.5-11 2 2912 1 109|2]|0]4]5.000150|65]1.00] 0.00 30 5.00 | 7.63 | 1547 [ 5.77 |FALSE| 7.79 [ 16.28 | FALSE 9.9 445 | 0.36 | 0.90 |29000|1.00f 8.24 | 0.29 [ 0.38 | 420 0.46
BRB6.0 D 10-10.5 1 2913 1 [09[4[0]8[4.00{50(65]1.00]| 0.00 30 12.00/21.52| 11.62 [13.86| FALSE[21.87]| 12.35 FALSE 18.2 [ 820 | 0.40 | 0.90 [29000(1.00f 5.58 | 0.29 | 0.26 | 798 0.49
BRB6.0 D 10.5-11 1 2913 1 109[/4]|0]|8]4.00050|65]1.00] 0.00 30 12.00|21.52| 11.62 [13.86| FALSE| 21.87[ 12.35| FALSE 18.2 | 820 | 0.40 [ 0.90 [29000{1.00]| 5.58 [ 0.29 | 0.26 | 798 0.49
BRB6.0 D 15-15.5 1 2914 1 [09([4[0]8[4.00{50(65]1.00]| 0.00 30 12.00/21.51] 11.63 [13.86| FALSE|[21.85]| 12.37 [ FALSE 18.2 [ 820 | 0.40 | 0.90 [29000(1.00f 5.58 | 0.29 | 0.26 | 798 0.49
BRB6.0 D 15.5-16 1 2914 1 109[/4]|0]|8]4.00050|65]1.00] 0.00 30 12.00|21.51| 11.63 [13.86| FALSE| 21.85( 12.37 | FALSE 18.2 | 820 | 0.40 [ 0.90 [29000{1.00]| 5.58 [ 0.29 | 0.26 [ 798 0.49
BRB6.0 H 9-9.5 1 2915 1 [09(4[0]8[4.00{50(65]1.00]| 0.00 30 12.00/21.54| 11.60 [ 13.86| FALSE[21.88] 12.34 [ FALSE 18.2 [ 820 | 0.40 | 0.90 [29000{1.00f 5.57 | 0.29 | 0.26 | 798 0.49
BRB6.0 H 9.5-10 1 2915 1 109[/4]|0]|8]4.00050|65]1.00] 0.00 30 12.00|21.52| 11.63 [13.86| FALSE| 21.86[ 12.36 | FALSE 18.2 | 820 | 0.40 [ 0.90 [29000{1.00]| 5.58 [ 0.29 | 0.26 [ 798 0.49
BRB2.0 H 10-10.5 2 2916 1 [09(2[0]4][5.00[50(65[1.00]|0.00 30 5.00 | 7.87 [ 12.34| 5.77 |FALSE| 8.02 | 13.02| FALSE 9.6 434 | 0.27 [ 0.90 |29000|1.00]| 6.84 | 0.29 [ 0.31 | 417 0.31
BRB2.0 H 10.5-11 2 2916 1 109|2]|0]|4]5.000150(|65]1.00] 0.00 30 5.00 | 7.87 | 15.39 [ 5.77 |FALSE| 8.03 [ 16.23 | FALSE 9.6 434 | 0.27 | 0.90 |29000|1.00f 8.38 | 0.29 [ 0.38 | 408 0.32
BRB6.0 H 10-10.5 1 2917 1 [09([4[0]8[4.00{50(65[1.00]| 0.00 30 12.00/21.53| 11.61 [13.86| FALSE|[21.87]| 12.35 FALSE 18.2 [ 820 | 0.40 | 0.90 [29000({1.00f 5.58 | 0.29 | 0.26 | 798 0.49
BRB6.0 H 10.5-11 1 2917 1 09]4[0]8]|4.00{ 50| 65| 1.00 [ 0.00 30 12.00(21.53| 11.61 [ 13.86| FALSE|21.87| 12.35| FALSE 18.2 820 | 0.40 | 0.90 |29000{1.00] 5.58 | 0.29 ] 0.26 | 798 0.49
BRB2.0 H 15-15.5 2 2918 1 [09(2[0]4][5.00[50(65[1.00]0.00 30 5.00 | 7.77 [ 15.49| 5.77 |FALSE| 7.94 | 16.32| FALSE 9.6 434 | 0.27 [ 0.90 |29000|1.00| 8.34 [ 0.29 [ 0.38 | 408 0.32
BRB2.0 H 15.5-16 2 2918 1 109|2]|0]4]5.000150(|65]1.00] 0.00 30 5.00 | 7.77 | 15.50 [ 5.77 |FALSE| 7.93 [ 16.33| FALSE 9.6 434 | 0.27 | 0.90 |29000|1.00f 8.34 | 0.29 [ 0.38 | 408 0.32
BRB6.0 H 15-15.5 1 2919 1 [09([4[0]8[4.00{50(65[1.00]| 0.00 30 12.00/21.52| 11.63 [13.86| FALSE|[21.86] 12.36 [ FALSE 18.2 [ 820 | 0.40 | 0.90 [29000[1.00f 5.58 | 0.29 | 0.26 | 798 0.49
BRB6.0 H 15.5-16 1 2919 1 109|/4]|0]|8]4.00050|65]1.00] 0.00 30 12.00)21.51| 11.63 [13.86| FALSE| 21.86( 12.36 | FALSE 18.2 | 820 | 0.40 [ 0.90 [29000{1.00] 5.58 [ 0.29 | 0.26 | 798 0.49
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE v FERFBEAM/COL FLANGE BOTTOM CONNECTION

Engineering Public Works

Fire Traffic
Project: Puyallup PSB
Location: Puyallup, WA
Job: 6910
Specimen ID and Location Section 4.2.3 Gusset Plate Buckling (Out-of-Plane)
A. Consider Self Weight of Brace Out-of-Plane Acting on Gusset B. Consider Adjusted Brace Strength Out Of Plane Frame Deformation C. Consider Total Moment from Part A and B

EOR-ID Line Grids Lvis Mark Qty Sa Factor | Wtgre | Fadar-oor/end | SW Foor (A End)] Mam-oor | SW Moop| Factor SD Drift Angle Factor Py Mam pH Mpy M, L. L, L; Z, dMn Mu DCR

# # # # # | (SDS) | on S, i kips kips kips in k-in on SD % RAD on ABS kips in k-in k-in in in in in® k-in dMn gb+f
BRB2.25 6 D-D.5 2 2902 1 1.01 0.40 1.00 1.57 0.00 0.32 18.25 5.77 0.67 1.00% 0.01 100% 0.975 4.125 4.023 9.8 11.0 10.0 21.0 5.25 236 0.04 0.37
BRB2.75 11 D-D.5 2 2907 1 1.01 0.40 1.00 1.48 0.00 0.30 18.25 5.42 0.67 1.00% 0.01 100% 1.222 4.125 5.042 10.5 12.0 10.2 22.2 5.56 250 0.04 0.46
BRB2.75 15 H-H.5 2 2910 1 1.01 0.40 1.00 1.48 0.00 0.30 18.25 5.42 0.67 1.00% 0.01 100% 1.222 4.125 5.042 10.5 12.0 10.2 22.2 5.56 250 0.04 0.46
BRB3.0 D 10-10.5 2 2912 1 1.01 0.40 1.00 1.69 0.00 0.34 18.25 6.21 0.67 1.00% 0.01 100% 1.279 4.125 5.274 11.5 15.1 10.3 25.4 6.34 286 0.04 0.49
BRB3.0 D 10.5-11 2 2912 1 1.01 0.40 1.00 1.69 0.00 0.34 18.25 6.21 0.67 1.00% 0.01 100% 1.279 4.125 5.274 11.5 15.1 10.3 25.4 6.35 286 0.04 0.49
BRB6.0 D 10-10.5 1 2913 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.63 388 0.09 0.56
BRB6.0 D 10.5-11 1 2913 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.63 388 0.09 0.56
BRB6.0 D 15-15.5 1 2914 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.62 388 0.09 0.57
BRB6.0 D 15.5-16 1 2914 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.62 388 0.09 0.57
BRB6.0 H 9-9.5 1 2915 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.63 388 0.09 0.56
BRB6.0 H 9.5-10 1 2915 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 17.4 18.4 35.8 8.94 402 0.08 0.56
BRB2.0 H 10-10.5 2 2916 1 1.01 0.40 1.00 1.69 0.00 0.34 18.25 6.20 0.67 1.00% 0.01 100% 0.875 4.125 3.608 9.8 13.3 10.1 23.4 5.85 263 0.04 0.35
BRB2.0 H 10.5-11 2 2916 1 1.01 0.40 1.00 1.69 0.00 0.34 18.25 6.20 0.67 1.00% 0.01 100% 0.875 4.125 3.608 9.8 15.1 10.1 25.2 6.31 284 0.03 0.35
BRB6.0 H 10-10.5 1 2917 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 17.4 18.4 35.8 8.94 402 0.08 0.56
BRB6.0 H 10.5-11 1 2917 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.63 388 0.09 0.56
BRB2.0 H 15-15.5 2 2918 1 1.01 0.40 1.00 1.67 0.00 0.34 18.25 6.15 0.67 1.00% 0.01 100% 0.881 4.125 3.634 9.8 15.0 10.1 25.1 6.28 283 0.03 0.35
BRB2.0 H 15.5-16 2 2918 1 1.01 0.40 1.00 1.67 0.00 0.34 18.25 6.15 0.67 1.00% 0.01 100% 0.881 4.125 3.634 9.8 15.0 10.1 25.1 6.28 283 0.03 0.35
BRB6.0 H 15-15.5 1 2919 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.62 388 0.09 0.57
BRB6.0 H 15.5-16 1 2919 1 1.01 0.40 1.00 2.71 0.00 0.54 25.25 13.75 0.67 1.00% 0.01 100% 2.598 7.625 19.808 33.6 16.1 18.4 34.5 8.62 388 0.09 0.57
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE v FERFBEAM/COL FLANGE BOTTOM CONNECTION

Engineering Public Works

Fire Traffic
Project: Puyallup PSB
Location: Puyallup, WA
Job: 6910
Specimen ID and Location Section 4.3.0 Force Calculations - AISC 360 Bracing Section T30 Wimim—— Strength - ASTM
EOR-ID Line Grids Lvis Mark Qty| Vuc | Hic | Muc| Vuo | Huio | Mup | Hu' | Vo' foc fric foc fub fib fob | Fexx | Fygm | Fuem | Fycor | Fucol
# # # # # | kip | kip | kiin| kip | kip | k-in kip kip k/in k/in k/in k/in k/in k/iin | ksi ksi ksi ksi ksi Hr

BRB2.25 6 D-D.5 2 2902 1 52 | 40 | 12 68 44 25 46 82 4.27 | 327 | 049 6.20 | 3.97 | 1.25[ 70 36 58 36 58 11.25
BRB2.75 11 D-D.5 2 2907 1 71 31 3 76 79 15 33 83 6.21 2.69 [ 0.16 ] 6.81 710 [ 0.71] 70 36 58 50 62 |1.25
BRB2.75 15 H-H.5 2 2910 1 71 31 3 76 79 15 33 83 6.21 2.69 [ 0.16 | 6.81 7.10 [ 0.71] 70 36 58 50 62 |1.25
BRB3.0 D 10-10.5 2 2912 1 40 0 0 103 | 128 | 549 0 271 3.55 | 0.00 | 0.00| 524 [ 6.53 |859]| 70 36 58 50 62 |1.25
BRB3.0 D 10.5-11 2 2912 1 45 0 0 98 | 128 | 457 0 263 [ 437 | 0.00 | 0.00( 5.89 [ 7.71 |9.97| 70 36 58 50 62 |1.25
BRB6.0 D 10-10.5 1 2913 1 [ 298] 107 | 283 0 144 0 175 0 11.78 | 4.25 | 2.66| 0.00 | 8.98 [ 0.00] 70 36 58 36 58 11.25
BRB6.0 D 10.5-11 1 2913 1 [ 298] 107 | 283 0 144 0 175 0 11.78 | 4.25 | 2.66| 0.00 | 8.98 [ 0.00] 70 36 58 36 58 11.25
BRB6.0 D 15-15.5 1 2914 1 [ 298] 107 | 283 0 144 0 175 0 11.78 | 4.25 | 2.65| 0.00 | 8.98 [ 0.00] 70 36 58 36 58 11.25
BRB6.0 D 15.5-16 1 2914 1 [ 298] 107 | 283 0 144 0 175 0 11.78 | 4.25 | 2.65| 0.00 | 8.98 [ 0.00] 70 36 58 36 58 11.25
BRB6.0 H 9-9.5 1 2915 1 [ 298| 107 | 284 0 144 0 175 0 11.79 | 425 | 2.66| 0.00 | 897 [0.00] 70 36 58 36 58 11.25
BRB6.0 H 9.5-10 1 2915 1 [ 298| 105 | 244 0 146 0 160 0 11.21 | 3.97 | 2.07] 0.00 | 9.11 [0.00] 70 36 58 36 58 11.25
BRB2.0 H 10-10.5 2 2916 1 32 | 30 | 25 67 57 | 113 [ 43 108 | 2.79 | 265 | 116 4.09 | 347 |255]| 70 36 58 36 58 11.25
BRB2.0 H 10.5-11 2 2916 1 28 0 0 71 87 [ 370 0 185 [ 245 | 0.00 | 0.00| 3.65 | 449 |594| 70 36 58 50 62 |1.25
BRB6.0 H 10-10.5 1 2917 1 [ 298| 105 | 244 0 146 0 161 0 11.21 | 3.97 | 2.08] 0.00 | 9.10 [ 0.00] 70 36 58 36 58 11.25
BRB6.0 H 10.5-11 1 2917 1 [ 298] 107 | 283 0 144 0 175 0 11.78 | 4.25 | 2.66| 0.00 | 8.98 [ 0.00] 70 36 58 36 58 11.25
BRB2.0 H 15-15.5 2 2918 1 31 0 0 68 88 [ 314 0 182 | 3.02 | 0.00 | 0.00 [ 4.11 535 [6.97] 70 36 58 50 62 |1.25
BRB2.0 H 15.5-16 2 2918 1 28 0 0 71 88 [ 377 0 187 | 2.46 | 0.00 | 0.00| 3.65 [ 452 |599| 70 36 58 50 62 |1.25
BRB6.0 H 15-15.5 1 2919 1 [ 298] 107 | 283 0 144 0 175 0 11.78 | 4.25 | 2.66| 0.00 | 8.98 [ 0.00] 70 36 58 36 58 11.25
BRB6.0 H 15.5-16 1 2919 1 [ 298] 107 | 283 0 144 0 175 0 11.78 | 4.25 | 2.65| 0.00 | 8.98 [ 0.00] 70 36 58 36 58 11.25

Page 51 of 91



77

Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

EETBEAM/COL FLANGE BOTTOM CONNECTION

Building

Engineering

Public Works

Fire

Traffic

Specimen ID and Location

Section 4.4.0 Weld Design & Stress Check - AISC 360

4.4.1 Initial Fillet Weld Calculations

4.4.2 Beam/Column Stress Checks

EOR-ID Line Grids Lvis Mark Qty ew(: cc ewb cb fpeak_c favg_c fcont_c fpeak_b favg_l:v fcont_b ch1 ow1 0OGC Vub-OGC ¢OGC 0oGC ¢QGC FHG Rub RIub twbb tlwl:tl:t twl:tl:|1 ¢Vnh ¢anc ¢Vnc Muhiuh Trans AVub Huc, 0OGC Hm:

# # # # # | rad rad k/in k/in k/in k/in k/in k/in | 16ths | 16ths| Below Kip Below Across Across kip| kip in in in kips | kip | kips | ®Vibornbe] V? kip kip [ )V
BRB2.25 6 D-D.5 2 2902 1 10.72[1.27{1.08|/ 1.41| 568 | 539 | 6.73 | 844 | 7.39 | 9.24 1.91 [ 2.35 No 0 1.0 No 0 FALSE | 30| 30 | 0.350( 0.00 | 0.35 | 156 [ 117 | 102 0.84 no 0 0 0.39
BRB2.75 11 D-D.5 2 2907 1 10.43/1.13{0.81]1.31| 6.83 | 6.77 | 8.46 | 10.35 [ 9.85 | 12.32 | 2.68 | 3.38 No 0 1.0 No 0 FALSE | 30| 30 | 0.300( 0.00 | 0.30 | 115 86 | 137 1.23 yes 20 0 0.23
BRB2.75 15 H-H.5 2 2910 1 10.43/1.13{0.81|1.31| 6.83 | 6.77 | 8.46 | 10.35[ 9.85 | 12.32 | 2.68 [ 3.38 No 0 1.0 No 0 FALSE | 30| 30 | 0.300( 0.00 | 0.30 | 115 86 | 137 1.23 yes 20 0 0.23
BRB3.0 D 10-10.5 2 2912 1 10.00/1.00{1.13]1.43| 3.55 [ 3.55 | 4.44 | 15.29 [ 11.31 ]| 15.29 | 1.59 | 3.84 No 0 1.0 No 0 FALSE | 30 | 30 | 0.460( 0.00 | 0.46 | 265 [ 199 | 113 0.67 no 0 0 0.00
BRB3.0 D 10.5-11 2 2912 1 10.00/1.00{1.12|1.43| 4.37 | 437 | 546 | 17.64 [ 13.18 | 17.64 | 1.96 | 4.44 No 0 1.0 No 0 FALSE | 30| 30 | 0.460( 0.00 | 0.46 | 265 [ 199 | 113 0.64 no 0 0 0.00
BRB6.0 D 10-10.5 1 2913 1 10.53/1.18{0.00| 1.00| 13.66 | 12.78 | 15.97 | 8.98 [ 8.98 | 11.22 | 4.86 | 4.03 No 0 1.0 No 0 FALSE | O 0 |5.000( 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
BRB6.0 D 10.5-11 1 2913 1 10.53/1.18{0.00| 1.00| 13.66 | 12.78 | 15.97 | 8.98 [ 8.98 | 11.22 | 4.86 [ 4.03 No 0 1.0 No 0 FALSE | O 0 |5.000( 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
BRB6.0 D 15-15.5 1 2914 1 10.53/1.18{0.00]| 1.00| 13.66 | 12.77 | 15.97 | 8.98 [ 8.98 | 11.22 | 4.86 | 4.03 No 0 1.0 No 0 FALSE | 0O 0 |5.000( 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
BRB6.0 D 15.5-16 1 2914 1 10.53/1.18{0.00| 1.00| 13.66 | 12.77 | 15.97 | 8.98 [ 8.98 | 11.22 | 4.86 [ 4.03 No 0 1.0 No 0 FALSE | 0O 0 |5.000( 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
BRB6.0 H 9-9.5 1 2915 1 10.53/1.18{0.00| 1.00| 13.66 | 12.78 | 15.97 | 8.97 [ 8.97 | 11.22 | 4.86 | 4.03 No 0 1.0 No 0 FALSE | 0O 0 |5.000( 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
BRB6.0 H 9.5-10 1 2915 1 10.49/1.16{/0.00| 1.00| 12.74 [ 12.05 | 15.07 | 9.11 9.11 | 11.38 | 4.65 [ 4.09 No 0 1.0 Yes 1 FALSE | O 0 |5.000( 0.00 | 5.00 0 0 197 0.00 no 0 89 0.99
BRB2.0 H 10-10.5 2 2916 1 10.94[1.36{1.09]11.42| 4.72 | 3.94 | 493 | 749 | 565 | 7.49 1.30 [ 1.90 No 0 1.0 Yes 1 FALSE | 30 | 30 | 0.460( 0.00 | 0.46 | 265 [ 199 | 102 0.49 no 0 27 0.56
BRB2.0 H 10.5-11 2 2916 1 [0.00{1.00]1.13] 1.43]| 2.45 2.45 3.06 | 10.59 | 7.81 10.59 [ 1.10 | 2.66 No 0 1.0 No 0 FALSE | 30| 30 | 0.460( 0.00 | 0.46 | 265 [ 199 | 113 0.51 no 0 0 0.00
BRB6.0 H 10-10.5 1 2917 1 10.49/1.16{0.00| 1.00| 12.74 | 12.05 | 15.07 | 9.10 [ 9.10 | 11.38 | 4.65 [ 4.09 No 0 1.0 Yes 1 FALSE | 0O 0 |5.000( 0.00 | 5.00 0 0 197 0.00 no 0 89 0.99
BRB6.0 H 10.5-11 1 2917 1 [0.53[{1.18/0.00| 1.00( 13.66 | 12.78 | 15.97 | 8.98 8.98 | 11.22 | 4.86 | 4.03 No 0 1.0 No 0 FALSE | O 0 [5.000| 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
BRB2.0 H 15-15.5 2 2918 1 10.00/1.00{1.12]1.43| 3.02 | 3.02 | 3.78 | 12.31 [ 9.18 | 12.31 | 1.36 [ 3.10 No 0 1.0 No 0 FALSE | 30 | 30 | 0.460( 0.00 | 0.46 | 265 [ 199 | 113 0.49 no 0 0 0.00
BRB2.0 H 15.5-16 2 2918 1 [0.00{1.00]1.13| 1.43| 2.46 2.46 3.07 | 10.65| 7.87 | 10.65[ 1.10 | 2.67 No 0 1.0 No 0 FALSE | 30| 30 | 0.460( 0.00 | 0.46 | 265 [ 199 | 113 0.51 no 0 0 0.00
BRB6.0 H 15-15.5 1 2919 1 10.53/1.18{0.00| 1.00| 13.66 | 12.78 | 15.97 | 8.98 [ 8.98 | 11.22 | 4.86 [ 4.03 No 0 1.0 No 0 FALSE | O 0 |5.000( 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
BRB6.0 H 15.5-16 1 2919 1 10.53]1.18]0.00| 1.00| 13.66 | 12.77 | 1597 | 8.98 | 8.98 [ 11.22 | 4.86 | 4.03 No 0 1.0 No 0 FALSE | O 0 [5.000] 0.00 | 5.00 0 0 142 0.00 no 0 0 0.76
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

EETBEAM/COL FLANGE BOTTOM CONNECTION

Building

Engineering

Public Works

Fire

Traffic

Specimen ID and Location

Section 4.5.0 Revised Force Calculations to Acccount for Force

Transfer to Column Weld

Section 4.6.0 Weld Designlgtress Checks for Revised Forces

4.6.1 Final Fillet Weld Calculations

EOR-ID Line Grids Lvis Mark Qty AMub Mubz Vubﬁeqz f'vc f'Hc f'hc f'vb fIHb fIbb ewc c ewl:v c f'peak_c f'avg_v.: f'cont_c f'peak_h flavg_h f'cont_h Fillet DCR DCR DCR DCR DCR DCR

# # # # # k-in k-in kip k/in k/in k/in | kf/in k/in k/in | rad | rad b k/in k/in k/in k/in k/in k/in Duc | Dwe,u| Dwb | Dwbu| wbmbg wbmbf wbmcg wbmcf wbm,Bm | wbm,Col
BRB2.25 6 D-D.5 2 2902 1 0 25 82 4.27 | 3.27 | 049(6.20] 3.97 1.25 10.7211.2711.08|1.41] 568 | 5.39 6.73 8.44 7.39 9.24 | 1.91 5 [235] 5 0.48 0.59 0.48 0.44 0.85 0.85
BRB2.75 11 D-D.5 2 2907 1 184 15 163 7.91 269 [0.16]5.05]| 7.10 [ 9.69 |0.35[1.10{1.12[1.43[ 8.41 8.36 | 10.45 | 16.36 | 1242 | 16.36 [ 3.42]| 5 [4.12 5 0.48 0.63 0.48 0.72 0.85 0.80
BRB2.75 15 H-H.5 2 2910 1 184 15 163 7.91 2.69 [ 0.16|5.05| 7.10 [ 9.69 |0.35[1.10{1.12{1.43[ 8.41 8.36 | 10.45 | 16.36 [ 1242 | 16.36 | 342 | 5 | 4.12 5 0.48 0.63 0.48 0.72 0.85 0.80
BRB3.0 D 10-10.5 2 2912 1 0 549 271 3.55 | 0.00 | 0.00|5.24| 6.53 | 8.59 |0.00|/1.00)11.13]1.43] 3.55 | 3.55 444 11529 | 11.31| 1529 | 159 5 |3.84 5 0.48 0.42 0.48 0.72 0.85 0.80
BRB3.0 D 10.5-11 2 2912 1 0 457 263 4.37 | 0.00 | 0.00(589] 7.71 9.97 [0.00{1.00{1.12[1.43| 4.37 | 4.37 546 [ 17.64 | 13.18 | 1764 |196| 5 |4.44 5 0.48 0.42 0.48 0.72 0.85 0.80
BRB6.0 D 10-10.5 1 2913 1 0 0 0 11.78 | 425 | 266 [ 0.00| 898 | 0.00 |0.53|1.18|0.00|1.00| 13.66 | 12.78 [ 15.97 | 8.98 8.98 1122 1486| 5 |4.03 5 0.48 - 0.48 0.44 0.85 0.85
BRB6.0 D 10.5-11 1 2913 1 0 0 0 11.78 | 4.25 | 2.66 [ 0.00| 898 | 0.00 |0.53]1.18|0.00|/1.00| 13.66 | 12.78 [ 15.97 | 8.98 8.98 11.22 1 486| 5 |[4.03 5 0.48 - 0.48 0.44 0.85 0.85
BRB6.0 D 15-15.5 1 2914 1 0 0 0 11.78 | 425 | 265[0.00| 898 | 0.00 |0.53|1.18|0.00|1.00| 13.66 | 12.77 [ 15.97 | 8.98 8.98 1122 1486| 5 |4.03 5 0.48 - 0.48 0.44 0.85 0.85
BRB6.0 D 15.5-16 1 2914 1 0 0 0 11.78 | 425 | 2.65[0.00| 898 | 0.00 |0.53]1.18|0.00|1.00| 13.66 | 12.77 [ 15.97 | 8.98 8.98 11.22 1486 | 5 |[4.03 5 0.48 - 0.48 0.44 0.85 0.85
BRB6.0 H 9-9.5 1 2915 1 0 0 0 11.79 ] 425 | 266 [ 0.00| 897 | 0.00 |0.53|1.18|0.00|1.00| 13.66 | 12.78 [ 15.97 | 8.97 8.97 1122 1486| 5 |4.03 5 0.48 - 0.48 0.44 0.85 0.85
BRB6.0 H 9.5-10 1 2915 1 0 0 0 11.21 ] 3.97 | 2.07 [ 0.00] 9.11 0.00 [0.49(1.16/0.00{1.00{ 12.74 | 12.05 | 15.07 [ 9.11 9.11 11.38 | 465| 5 |[4.09 5 0.48 - 0.48 0.44 0.85 0.85
BRB2.0 H 10-10.5 2 2916 1 0 113 108 279 | 265 | 1.16|4.09| 3.47 | 2.55 |0.94|11.3611.09|11.42| 472 | 3.94 4.93 7.49 5.65 749 1130 5 1.90 5 0.48 0.42 0.48 0.44 0.85 0.85
BRB2.0 H 10.5-11 2 2916 1 0 370 185 2.45 0.00 [ 0.00 | 3.65| 4.49 5.94 (0.00/1.00{1.13]1.43]| 2.45 2.45 3.06 10.59 | 7.81 10.59 | 1.10 5 2.66 5 0.48 0.42 0.48 0.72 0.85 0.80
BRB6.0 H 10-10.5 1 2917 1 0 0 0 11.21] 3.97 | 2.08[(0.00| 9.10 | 0.00 |0.49/1.16]0.00|1.00| 12.74 | 12.05 | 15.07 | 9.10 9.10 11.38 | 465| 5 |4.09 5 0.48 - 0.48 0.44 0.85 0.85
BRB6.0 H 10.5-11 1 2917 1 0 0 0 11.78 | 4.25 | 2.66 | 0.00 | 8.98 0.00 (0.53]1.18]/0.00{1.00| 13.66 | 12.78 [ 15.97 8.98 8.98 11.22 | 4.86 5 4.03 5 0.48 - 0.48 0.44 0.85 0.85
BRB2.0 H 15-15.5 2 2918 1 0 314 182 3.02 0.00 [ 0.00]| 4.11| 5.35 [ 6.97 |0.00{1.00{1.12{1.43] 3.02 | 3.02 3.78 [ 12.31] 9.18 1231 1136 5 |3.10 5 0.48 0.42 0.48 0.72 0.85 0.80
BRB2.0 H 15.5-16 2 2918 1 0 377 187 2.46 0.00 [ 0.00 | 3.65| 4.52 5.99 (0.00/1.00{1.13]1.43| 2.46 2.46 3.07 10.65 | 7.87 10.65 | 1.10 5 2.67 5 0.48 0.42 0.48 0.72 0.85 0.80
BRB6.0 H 15-15.5 1 2919 1 0 0 0 11.78 | 425 | 266 [ 0.00| 898 | 0.00 [0.53|1.18|0.00|1.00| 13.66 | 12.78 [ 15.97 | 8.98 8.98 1122 1486| 5 |4.03 5 0.48 - 0.48 0.44 0.85 0.85
BRB6.0 H 15.5-16 1 2919 1 0 0 0 11.78 | 425 | 2.65) 0.00| 8.98 0.00 (0.53]1.18]/0.00({1.00] 13.66 | 12.77 | 15.97 8.98 8.98 11.22 | 4.86 5 4.03 5 0.48 - 0.48 0.44 0.85 0.85
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Building

City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Engineering

Public Works

Fire

Traffic

3EAM/COL FLANGE BOTTOM CONNECTION

Section 4.7.0 Column & Beam Web Yielding and Crippling

Specimen ID and Location 4.7.1 Web Yield Check 2.7.2 Web Crippling Check 4.7.3 Beam Required Stiffener Thickness | 4.7.3 Column Required Stiffener Thickness
EOR-ID Grids Mark kdesb kdesc ¢Rnyb !uh: ¢Rncb E ¢Rncb DCR ¢Rncc Hu::.I B Stiff Vstiff Aest rqd tst C Stiff Vstiff Aest rqd
# # # # # in in kip | dRnw| kip ber ksi kip "l kip | 9Rwe| Req? | kips | in2 in | Req?| kips | in2
BRB2.25 | 6 DD5 2 2902 | 1 | 095 | 120 | 99 |041]| 68 0.75 | 29000 | 68 | 060 | 113 |020| no | - - " o | - 5
BRB2.75 | 11 D-D.5 2 2007 | 1 | 083 | 1.00 | 82 |0.99] 53 0.75 | 29000 | 53 | 1.53 | 1168 | 0.01] vyes | 28 | 0.44 050 no | - :
BRB2.75 | 15 H-H.5 2 2010 | 1 | 083 | 1.00 | 82 | 0.99] 53 0.75 | 29000 | 53 | 1.53 | 1168 | 0.01] yes | 28 | 0.44 050 | no | - 5
BRB3.0 | D | 10105 | 2 2012 | 1 | 1.24 | 1.00 | 214 | 0.63] 136 0.75 | 29000 136 | 1.00 | 1382 [ 0.00] no | - - - [ o | - :
BRB3.0 | D | 10511 | 2 2012 | 1 | 1.24 | 1.00 | 189 | 0.70 | 125 0.75 | 29000 | 125 | 1.05 | 1265 | 0.00] yes | 6 | 0.10 050 no | - 5
BRB6.0O | D | 10-105 | 1 2013 | 1 | 1.00 | 1.20 [1891] - |#### 0.75 | 29000 |####H - | 650 | 0.13] na. | - - - [ o | - :
BRB6.0 | D | 105-11 1 2013 | 1 | 1.00 | 1.20 | 1891] - |s#e# 0.75 | 29000 |####] - | 650 | 013] na. | - - " [ no | - :
BRB60 | D | 15-155 | 1 2014 | 1 | 1.00 | 1.20 | 1893| - |#e# 0.75 | 29000 |####] - | 650 | 0.13] na. | - - " o | - :
BRB60 | D | 15516 | 1 2014 | 1 | 1.00 | 1.20 | 1893] - |#e# 0.75 | 29000 |####] - | 650 | 013 ] na. | - - " [ no | - :
BRB6.0O | H 995 1 2015 | 1 | 1.00 | 1.20 [ 1890] - |#### 0.75 | 29000 |##### - | 661 | 043] na. | - - " o | - :
BRB6.0O | H 9.5-10 1 2015 | 1 | 1.00 | 1.20 |1892| - |##e# 0.75 | 29000 |#### - | 1697 | 0.05| na. | - - " o | - 5
BRB20 | H | 10-105 | 2 2016 | 1 | 1.24 | 1.20 | 186 | 029 124 0.75 | 29000 | 124 | 044 | 109 [020] no | - - " o | - :
BRB20 | H | 10511 | 2 2016 | 1 | 1.24 | 1.00 | 211 | 0.44| 135 0.75 | 29000 | 135 | 0.69 | 1388 | 0.00] no | - - "o | - :
BRB6.0O | H | 10-105 | 1 2017 | 1 | 1.00 | 1.20 | 1891] - |###% 0.75 | 29000 |####H - | 1697 | 0.05] na. | - - " o | - 5
BRB6.0 | H | 105-11 1 2917 | 1 | 1.00 | 1.20 | 1891| - |## 0.75 | 29000 |#### - | 651 | 043] na | - - "o | - :
BRB20 | H | 15155 | 2 2018 | 1 | 1.24 | 1.00 | 187 | 0.49] 125 0.75 | 29000 125 | 0.73 | 1262 [ 0.00] no | - - " o | - 5
BRB20 | H | 15516 | 2 2018 | 1 | 1.24 | 1.00 | 212 | 0.44| 135 0.75 | 29000 | 135 | 0.69 | 1378 | 0.00] no | - - "o | - :
BRB6.0 | H | 15-155 | 1 2019 | 1 | 1.00 | 1.20 |1892| - |###s 0.75 | 29000 |####H - | 650 | 0.13] na. | - - " o | - 5
BRB6.0 | H | 15516 | 1 2919 | 1 | 1.00 | 1.20 | 1893| - |### 0.75 | 29000 [####] - | 650 | 0.13] na. | - - " o | - :
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Description

Section 5. Bottom Gusset Beam to Column Web (Weak-Axis) Connection Sample Calculation

Bottom Connection Summary Tables
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Bottom Gusset Connection to Column Web
(rotated Weak-Axis)

(Top Connection Similar)

City of Puyallup
Development & Permitting Services

Example Mark #: 2902 ISSUED PERMIT
Line 6, Grid D.5-E, Level 2 |9

Fire Traffic
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Example Mark #: 2902
Uniform Force Method - AISC 360 - Bracing Section

5.0 DESIGN CRITERIA evelongg. Permbg g _
Area of Yielding Steel Core Bunlds"‘ngED o A 2.25in2 (1452 mm?2)
Maximum Yield Stress of Core Material Engineering | [ Public works | Fymax 43 ksi (296 MPa)
Fire [ Trafic |

Compresssion Strength Adjustment Factor B: 1.12
Strain Hardening Adjustment Factor w: 1.35
Connection Strain Hardening Factor CF: 1.00

Axial Design Load Compression (CF*BwF.maxAsc) Py 146.3 kip (651 kN)

Axial Design Load Tension (CF*wF,. maxAsc) P 130.6 kip (581 kN)
Width of Lug W, 7.38in (187 mm)
Column Flange Width (Depth for Rotated Column) Brep: 12.00 in (305 mm)
Column Web Thickness tuc: 0.39in (10 mm)
Column Flange Thickness tr: 0.61in (15 mm)
Beam Depth Dpp: 20.70 in (526 mm)
Nominal Depth of Beam DNpy: 20.70 in (526 mm)
Beam Web Thickness twb: 0.351in (9 mm)
Beam Flange Thickness th: 0.45in (11 mm)
Beam Flange Width b 6.50 in (165 mm)
Beam Distance from Outer Face of the Flange to the Web Toe of the Fillet Kdesb: 0.95in (24 mm)
Beam Web Doubler Plate Thickness (one side) EwopL: 0.00 in (0 mm)
Angle Between the Beam and Brace CL Ocs: 0.964 rad 55.2°
Angle Between the Column and Brace CL Ourm: 0.607 rad 34.8°
Min Clear Distance from Face of Bm to Edge of Lug bpot-am: 2.00 in (51 mm)
Min Clear Distance from Face of Column to Edge of Lug bpot-col: 2.27 in (58 mm)
Gusset Extension to Beam Extg: 1.00 in 25 mm)
Gusset Extension to Column Extc: 1.00 in (25 mm)
Distance from Last Bolt to Start of Radius on Lug b: 0.96 in (25 mm)
Bolt Edge Distance e: 1.63in (41 mm)
Provided Stroke Distance at Each End of Brace c: 3.00 in (76 mm)
Gap Between End of Core and Gusset a: 4.00 in (102 mm)

5.1.0 GEOMETRY CALCULATIONS - UNIFORM FORCE METHOD

Length from WP to Bottom Tip of Brace
Length from WP to Outside Edge of Col along WorkLine

Lo = (Bren/2)/COS(Bcs) Lep: 10.52 in (267 mm)
Length from Edge of Column to Tip of CB along WL

Lico = [Doot-co + (W1/2)]/COS(Bcs) - (e + by) Lico: 7.86 in (200 mm)
Length from WP to Top Edge of Beam along WL

Lob = (DNps/2)/SIN(6cs) Lpp: 12.60 in (320 mm)
Length from Edge of Beam to Tip of CB along WL

Libb = [boor-sm + (Wi/2)]/SIN(Bcs) - (e + by) Lipp: 4.341in (110 mm)
Controling Length is MAX(Lep+Licp , Lop+Lipy) Lp: 18.38in (467 mm)

Length from Square Projection to Edge of Gusset (CB Lap on Gusset) Lg: 8.25in (210 mm)

Horizontal Distance from Column to WP (t,../2) e. 0.20in (5 mm)
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Vertical Distance from Beam to WP (DN/2)

City of Puyallup

ISSUED PERMIT

Building
Minimum Weld on Column from Geometry m————
Loc_min = (Lt + Lg)'SIN(Bcg) + (Wi/2 + Extc) COS(8cs) - €, e

Minimum Weld on Beam from Geometry
Lgb_min = (Lip + Lg)"COS(Bcs) + (W /2 + Extg)*SIN(Bcs) - €c

Dist from Face of Col Fl to Centriod of Gusset-to-Beam Connection (UFM)
Qin = I—qb,min/2 Olmin 4.34 in

Olhang = Hand Input Value to Force Olhand 9.42 in
If Hand Input Value is Different from o,y use Hand Input Value
Inside Weld Deducts:
Outside Weld Deducts:
a Dist for Weld (1/2 of the actual weld length used for design)

a Dist from face of column to mid point on beam welds
Opar = WDgm,1n + g

Dist from Face of Beam Fl to Centriod of Gusset-to-Column Connection (UFM)
Brmin = I—qc,min/2 Brmin 7.101in

Bhana = Hand Input Value to Force BHand 7.10 in
If Hand Input Value is Different from B, use Hand Input Value
Inside Weld Deducts:
Outside Weld Deducts:
B Dist for Weld (1/2 of the actual weld length used for design)

B from face of beam to mid point on column welds
Bpar = WDCOI,In + Bq

Constants for Connections not in Equilibrium
K = e, TAN(Byewm) - ec

K' = Olar[ TAN(Burm) + Olbar/Bhar]

D = (TAN(Burm))? + (Olbar/Brar)?

Final values of o and B
Olne = [K*TAN(Byrm) + K(Ctoar/Boar)21/D

Bre = [K' - K*TAN(Byem)1/D

r=V((0e + €2 + (Bre + €5)2)

5.2.0 GUSSET STRESS CALCULATIONS - AISC 360

) X2

COL FLANGE

ORWEB ~__

EXTENT OF —|
LUG HEAD

GUSSET PL —

OR STIFF PL

///
Y
s \\ BASE PL

/ OR BM FL
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Development & Permitting Services ey 10.35 in
Public Works
Traffic I Lgc_min® 14.19in
I Lgb_min: 8.69 in
(110 mm)
(239 mm)
Olimin* 9.42in
WDBm,In: 4.00 in
WDBm,Out: 0.50 in
Olg: 7.17 in
Olpar: 11.17 in
(180 mm)
(180 mm)
Bmin: 7.10in
WDcol1n! 1.50 in
WDcol,0ut! 0.50 in
Ba: 6.10 in
Bbar: 7.60 in
K: 6.99 in
K" 24.19in
D: 2.65
Qe 12.07 in
Bre: 7.31in
r 21.50 in
CORE PL

(263 mm)

(360 mm)

(221 mm)

(239 mm)
(102 mm)
(13 mm)

(182 mm)

(284 mm)

(180 mm)
(38 mm)
(13 mm)

(155 mm)

(193 mm)

(178 mm)

(615 mm)

(307 mm)
(186 mm)

(546 mm)



5.2.1 WHITMORE SECTION STRESS CHECK

LRFD Resistance Factor Oy 0.90
Number of Bolts in Inside Row n;: 2
Number of Bolts in Outside Row Ny: 0
Total Number of Bolts at Each End 2(n; + n,) Ny: 4
City of Puyallup
: Development & Permitting Services ;
Bolt Spacing ISSUED PERMIT s: 5.00 in
Building
Minimum Yield Strength of Gusset Engineering || Public Works Fyq: 50 ksi
Fire Traffic
Minimum Tensile Strength of Gusset Fuq: 65 ksi
Thickness of Gusset Plate to: 1.00 in
Thickness of Repad Plate for Design: t. 0.00 in
Whitmore Angle BOwhtm 30.0°
Total Length Between Outer Bolt Holes Lg, = L, - 2e Lg: 5.00 in
Vertical Distance to Top Bolt on Beam Side of CL
Y1 = Loemin - (W + Extc - €)*COS(B¢g) - € SIN(Bcg) Yi: 9.01in
Horizontal Distance to Top Bolt on Column Side of CL
X2 = Labemin = (W, + Extg - €)*SIN(Bcg) - €'COS(6cs) Xyt 2.22in
Whitmore Length if Not Limited by Beam
har = La:/COS(Bwhtm) hg;: 5.77 in
Gusset Condition: FHG: FALSE
FHG - Full Height Gusset
NFG - Non Full Height Gusset
Whitmore Length if Limited by Beam hgm 9.04 in
IF Then
FHG = TRUE hgm = hg,
FHG = FALSE hgm = Y1/SIN(Bcg + Bwhtm)
Whitmore Length if Limited by Column
heot = Xo/COS(B¢s - Bwhim) heor: 2.45 in
Constrain Whitmore Section within Gusset Plate (WSG)? WSG: FALSE
Whitmore Area Ay = 9.90 in2
IF Then
WSG = TRUE A, = [2:min(hg,hgm,hcor) SIN(Bwhim) 1ty + (W, - 2€)" (g + 2t,)
WSG = FALSE Ay = [2'Lgr TAN(Bynim) 't + (W - 2€)*(tg + 2t,)
Whitmore Capacity $R, = dw'Aw'Fyg dR: 445.4kip |
Whitmore Stress Ratio
DCRw = Py/¢R, DCRy: 0.29 |
5.2.2 Gusset Plate Buckling
LRFD Resistance Factor for Compression Oc: 0.90
Modulus of Elasticity E: 29000 ksi
Effective Length Factor for Gusset Buckling Kab: 1.00
Average Buckling Length L' 7.96 in
Average of L;, L ,, & L ;. If average is less than zero, zero is used (Gusset is Elastic).
Radius of Gyration of Gusset ry = V(t,2/12) ry: 0.291in
Gusset Slenderness Parameter A = Kgp'L'/(rg'm)" V(F,o/E) A 0.36
Gusset Buckling Capacity ¢R,.gp = ¢c'0.658"(A2) Fyg'Ay [ 421.3 kip |
Gusset Buckling Capacity Ratio
DCRgy = Pyo/$Rn-go DCRgp: 0.35 |
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(127 mm)

(345 MPa)

(448 MPa)
(25 mm)
(0 mm)
0.524 rad

(127 mm)

(229 mm)

(56 mm)

(147 mm)

(230 mm)

(62 mm)

(6386 mm?2)

(1981 kN)

(199955 MPa)

(202 mm)

(7 mm)

(1874 kN)



5.2.3 Gusset Plate Buckling (Out-of-Plane)
LRFD Resistance Factor for Bending

A. Consider Self Weight of Brace Out-of-Plane Acting on Gusset

Assumed Spectral Acceleration

City of Puyallup
Development & Permitting Services
Factor on S, BUHL?;UED PERMIT

Importance Factor Engineering Public Works
Fire Traffic

Brace Weight
Additional Out-of-Plane Force on Gusset (when present).

Out of Plane Force at Each End of Brace due to BRB Self Weight
SW Foop = Fsa"Sa'Ip"Wtpr/2 + Fagat-oop/end

Moment Arm
Mam oop= Lg+a+2'C

Resulting Self Weight Out-of-Plane Moment
SW Moor = Foor"Mam oop

B. Consider Adjusted Brace Strength at Out Of Plane Frame Deformation
Story Drift Factor (Usually 2x, But if considering 100% of ABS, Use only 1/3 of this)
Story Drift (See Stiffness Section for Calculation)

Drift Angle
Bsp=ATAN(SD"Fsp)
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bt

Wtbr:

Faddr-oop/end:

Foor:

Mam _oop:

Moop:

0.90

1.01g
0.40
1.00

1.57 kip

0.00 kip

0.316 kip

18.25in

5.8 kip-in

0.67

1.00%

0.0067

(7.0 kN)

(0.0 kN)

(1 kN)

(464 mm)

(652 kN-mm)

(0.38°)



Percentage of Adjusted Brace Strength to Consider
Use either 100% ABS and 1/3 of 2xSD, or 30% ABS and 2xSD

Out of Plane component of FygsxAdjusted Brace Strength
Ph = Fags'Pyuc'SIN(8sp)

Moment Arm (consider PH applied at centroid of BRB-gusset connection)
Mam_pr = Lig/2

Resulting Horizontal Moment
Mpr = Pu'Mam ph

C. Consider Total Moment from Part A and B

Total Out of Plane Moment
M, = Moop + Mpy

Length of potential yielding line (disregarding concrete where occurs)
To Intersection with Column
To Intersection with Beam/BP

Total Length

Plastic Modulus

Zy= Letg/4

Design Flexural Strength City of Puyallup

Development & Permitting Services
ISSUED PERMIT

oM, = db'Zg Fyq Building

Engineering Public Works

Gusset Flexure Capacity Ratio = -
Fire Traffic

DCRy = My/0M,
Combined Gusset Buckling & Flexure DCR

IFDCRg, 2 0.2,  DCRgpyr = DCRy, + (8/9)DCRy
IFDCRg < 0.2,  DCRgoss = (1/2)DCRg, + DCRy

5.3.0 FORCE CALCULATIONS - AISC 360 BRACING SECTION
Force at the Column Face
Vertical Force V= PycBne/r

Horizontal Force H. = P, edr

Moment at Column M. = Hy"|Bne - Boarl

Force at Beam Face
Vertical Force Vy, = Pycep/r

Horizontal Force Hyp = Pyc oing/r

Moment at Beam My, = Vip'[aing = par|

Equivalent Stress for Mu
Huc_eq = 6"Mud/(2°Bg) + Huyc
Vib_eq = 6'Vun/(2ag) + Vip
Where 285 =Ly, 205 =Ly

Stresses at the interface between Gusset Plate and Column:
fue= Vud 2[30

ch = HUC/ZBCI
foc =6Myo/(2Boy’

Stresses at the interface between Gusset Plate and Beam:
1:vt)= Vub/ Zaq

frb = Hub/204

fop =6Mus/(20g)°
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Fags: 100%
Py: 0.98 kip
Marm pH: 4.13in
Mpy: 4.02 k-in
M,: 10 k-in
L 11.2/in
Ly: 11.0in
L 22.2in
Zg: 5.56 in3
oM, 250 k-in
DCR: 0.04
DCRgp.1: 0.38
DCR g+ -
Vi 49.7 kip
Hyc: 1.3 kip
Myc: 0.4 kip-in
Vib: 70.4 kip
Hyp: 82.1 kip
Myp: 63 kip-in
Huc eq: 1.5 kip
Vib eqt 96.9 kip
fic! 4.08 k/in
fhe: 0.11 k/in
foc: 0.02 k/in
fub: 4.91 k/in
fhb: 5.73 k/in
fop: 1.84 k/in

(4.3 kN)

(105 mm)

(455 kN-mm)

(1106 kN-mm)

(284 mm)
(281 mm)

(565 mm)

(91061 mm3)

(28257 kN-mm)

(221 kN)
(6 kN)
(43 kN-mm)

(313 kN)
(365 kN)
(7148 kN-mm)

(7 kN)
(431 kN)

(0.7 kN/mm)
(0.0 kN/mm)
(0.0 kN/mm)

(0.9 kN/mm)
(1.0 kN/mm)

(0.3 kN/mm)



5.4.0 WELD DESIGN & STRESS CHECKS - AISC 360
Weld Material Minimum Yield Strength

Minimum Yield Strength of Beam ASTM

Develop

Minimum Tensile Strength of Beam ASTM o

City of Puyallup
ment & Permitting Services
ISSUED PERMIT

Engineering Public Works

Minimum Yield Strength of Col ASTM

Fire Traffic

Minimum Tensile Strength of Col ASTM
Ductility Factor

5.4.1 INITIAL FILLET WELD CALCULATIONS

Angle of Resultant Demand on Column  8,,c = tan™(Hyc eal Vi)
Weld Capacity Increase Factor for Rotation at Column

C. = 1+0.5(sin(Bwc))**

Angle of Resultant Demand on Beam 8, = tan'l(Vubieq/Hub)

Weld Capacity Increase Factor for Rotation at Bea
Cp = 1+0.5(sin(Bwb))"*

Peak Stresses at the interface between Gusset Plate an
fDeak c= \/(fbc+ch)2+fvc2)

m

d Column:

Average Stresses at the interface between Gusset Plate and Column:

fava ¢ = (\/(fbc'ch)z"'fvcz) + foeak )2

Control Stresses at the interface between Gusset Plate and Column:

fcont_c :MaX(UF fan_CI fpeak_c)

Peak Stresses at the interface between Gusset Plate and Beam:

focak b = V(oo +Hup) 2+i’)

Average Stresses at the interface between Gusset Plate and Beam:

fava b = (V(fonfun)2 i) Hfoeak b)/2

Control Stresses at the interface between Gusset Plate and Beam:

fcont_b = Max( He favg_h, +fpeak_b)

Initial Weld Required at Beam and Column

fcam‘ic

chl = -
0.75 dM0-7071 ¢ (5 ines)C.,
D _ fcontib
whbl — -
0.75 Ai0-7071 , ¢ v (2Lines)C,

5.4.2. BEAM/COLUMN STRESS CHECKS
Gusset and Opposing Brace Conditions
Opposing Gusset Case:

"Yes" - There is a gusset plate directly below this plate.
"No" - There is not a gusset plate directly below this plate.

Vu,oec: (For equal capacity oposing brace =V ,p,5)

Apportionment Factor: doce = Vub,06c/Vub +1

Gusset Condition:
FHG - Full Height Gusset
NFG - Non Full Height Gusset

Assumed Beam Reaction (EOR to Verify)
Beam Reaction Adjusted for OCG R'y, = Ryp/dosc

Consider portion of reaction if OCG = YES because only a portion of beam shear capacity is
considered. The remainder is considered in the design of the opposing gusset.

Beam Web Capacity
twbb: = tq if FHG
=ty If NFG

Pseudo Thickness of Beam Web

(Amount to use to calc weld to column for FHG)

tubbi: = twbp if twss % 0 AND FHG = TRUE
= t,pp Otherwise
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Fexc: 70 ksi
Fygm: 36 ksi
Fupm: 58 ksi
Fycol: 36 ksi
Fucol: 58 ksi
e 1.25
Buc: 0.030 rad
C: 1.00
Bupb: 0.868 rad
Cp: 1.33
foeak c: 4.08 k/in
fava 4.08 k/in
foont ¢! 510 k/in |
fueak b+ 8.85 k/in
fava bt 7.67 k/in
foont b 9.59 k/in |
Dyt 1.83 |
Db 2.58 |
OGC: No
Vub,o6c: 0.0 kip
doac: 1.0
FHG: FALSE
Ryp: 30.0 kip
R'yp: 30.0 kip
Ewbb: 0.35in
twbb: 0.00 in
twbb1: 0.35in

(483 MPa)

(248 MPa)
(400 MPa)

(248 MPa)
(400 MPa)

1.7°

49.7°

(0.7 kN/mm)

(0.7 kN/mm)

(0.9 kN/mm)

(1.6 kN/mm)

(1.3 kN/mm)

(1.7 kN/mm)

(3 mm)

(4 mm)

(0 kN)

(133 kN)
(133 kN)

(9 mm)

(0 mm)

(9 mm)



Beam Shear Capacity

Vo = 0.6 Fyam (dvb twsbs +0.9 twper) ' Don/docc HVip: 156.5 kip
dwo = 1.00
dVnpe = Shear Capacity of Beam at Col Connection OVibe: 117.4 kip
Beam Web Check
S = (R'yp + Vip)/Min(¢Vns, $Vibe) I Spp: 0.86
Transfer Force if Greater than 1.0
Vertical Force in Excess of Beam Web (or Connection) Capacity
AVyp: = 0kipif ty, =0 AV 0.0 kip
= 0 kip if R'yp + Vip = Min(¢Vyp,§Vpe) < 0
= R'yp + Vup - Min(§Vyp,$Vope) Otherwise
See Resultant Moment Shear Check on Beamy/Col at End of Revised Weld Calculations
5.5.0 REVISED FORCE CALCULATIONS TO ACCOUNT FOR FORCE TRANSFER TO COLUMN WELD
MMy, = AV, " o (Zero if no force transferred to weld) AMp: 0 kip-in
Moment Demand on Weld at Beam:
Mub2 = Vip * |0tng = Otparl Mup2: 63 kip-in
Equivalent Vertical Demand on Weld from M,: City of Puyaliup
Vib ea2 =6 (Mupz + AMyp)/(20t0) + (Vi - AVy) Pevloppi & PomitiiySois Vi ead’ 96.9 kip
Building
Stresses at the interface between Gusset Plate and Column: Engineering || Public Works |
fue= (VuctAVyp)/2B,4 P~ S e 4.08 k/in
e = Hu/2B4 et 0.11 k/in
e =6My/ (2B Foc 0.02 k/in
Stresses at the interface between Gusset Plate and Beam:
fio=(Vup-AVupy/ 20, fip: 4,91 kfin
fup = Hup/20q fip: 5.73 k/in
fop =6(Mupa+AMyp)/ (200> fiop: 1.84 k/in
5.6.0 WELD DESIGN/STRESS CHECKS FOR REVISED FORCES
5.6.1 FINAL FILLET WELD CALCULATIONS
Angle of Resultant Demand on Column:
Buc = TAN-I[Hucfeq/(Vuc + AVyp)] Buc: 0.030 rad
Weld Capacity Increase Factor for Angle at Column
Cye = 1+0.5[SIN(B,,)]*° Coc: 1.003
Angle of Resultant Demand on Beam:
Bub = TAN (Vi eq2/Hup) B 0.868 rad
Weld Capacity Increase Factor for Angle at Beam
Cup = 140.5[SIN(Bu)]*° Cub: 1.333
Stresses at Weld Interfaces:
Peak Stresses at the interface between Gusset Plate and Column:
foeak ¢ = \/(f'bc"'f'Hc)z"’f‘vcz) feak ct 4.08 k/in
Average Stresses at the interface between Gusset Plate and Column:
favgc = (‘/(f‘bc'f'Hc)z"'f‘vcz) + fpeak_o)/2 flavg et 4.08 k/in
Control Stresses at the interface between Gusset Plate and Column:
feont_c =Max(ke f'avg_cr Fpeak ) Feont ct 5.10 k/in
Peak Stresses at the interface between Gusset Plate and Beam:
foeak b = V(Fop+Fup)2+F ) feak bt 8.85 k/in
Average Stresses at the interface between Gusset Plate and Beam:
favab = (‘/(f‘bb-f'vb)2+f'Hb2)+f‘Deak7b)/2 fava bt 7.67 k/in
Control Stresses at the interface between Gusset Plate and Beam:
Feont_b =Max(ite Favg_b, +'peak b) Feont b 9.59 k/in
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(696 kN)

(522 k)

(0 kN)

(0 kN-mm)

(7148 kN-mm)

(431 kN)

(0.7 kN/mm)
(0.0 kN/mm)

(0.0 kN/mm)

(0.9 kN/mm)
(1.0 kN/mm)

(0.3 kN/mm)

1.7°

49.7°

(0.7 kN/mm)

(0.7 kN/mm)

(0.9 kN/mm)

(1.6 kN/mm)

(1.3 kN/mm)

(1.7 kN/mm)



Final Size of Weld at Column and Beam:

_ S ot e Doy 1.83 (16ts) (3 mm)
Doex = 1in)0.7071
0.75 407071 ¢ r  (2LinesyC,.
D,,, = S com s [ D 2.58 (16ths) | (4mm)

(1in)0.7071

0.75 0.6F,, (2Lines)C,,

eex

Min Weld Size for Gusset | Dumin: 5.00 (16ths) | (8 mm)
If: ty < 0.50", Dyy-min = 3/16"
0.50" < tq < 0.75", Dymmin = 1/4"
ty > 0.75", Dymin = 5/16"

City of Puyallup
Final Weld Size to Use: Deve‘”"TEESE?SE'E'&Q.TSW'C“
Dyc = MAX(DWCII Ducas Dw-min) Bl W I Dyc! 5.00 (16th5) I (8 mm)
Rounded Up: Engigeetingy | [{Rubigyvorks Dyc: 5.00 (16ths) (8 mm)
Use: fire Traffic Dyc: 5/16" (8 mm)
Dwb = MAX(Dyb1, Dub2s Dy-min) I Dy 5.00 (16ths) I (8 mm)
Rounded Up: Dup: 5.00 (16ths) (8 mm)
Use: Dup: 5/16" (8 mm)
Gusset Weld Comparison (Based on Non-Rounded Dwb & Dwc)
DCRubmbg = 2'[(Dui/ 16)/ V2] Fexs/ (tgFug) | DCRubmbg: 0.48 |
DCRyombr = [(owllﬁ)/‘/z]'Fexx/(tfb'FuBm) I DCRpmbf: 0.59 I
Not applicable at BP
DCwamcg = 2[(Dwr/16)/\/2] Fexx/(tg'Fug) I DCwamcg: 0.48 I
DCwamcw = [(ch/le)/\/z].Fexx/(twc'FuCOI) I DCwamcw: 0.68 I
Beam and Column Weld Filler Base Metal Compatiblity Check
DCRybm,Bm = ‘/Z/Z'Fexx/FuBm DCwam,Bm: 0.85
DCwam,CoI = \/2/2 Fexx/FuCoI DCwam,col: 0.85

5.7.0 Col & Bm Web Yielding and Crippling - AISC 360 J10
5.7.1 Web Yield Check - EQ J10-3

Beam Distance from Outer Face of the Flange to the Web Toe of the Fillet Kdesb: 0.95in (24 mm)

Beam Web Local Yielding Capacity
®Rayb = (2.5Kgesb + 0g)" (twow + twbpr) Fyam ORyb: 120.3 kip (535 kN)

Beam Web Yielding Unity Check
DCRwyb = (max(vub,eqrvub,eqz)/z)/¢Rnyb I DCRwyb: 0.40 I
Provide Stiffener if DCR ,,, > 1.0

5.7.2 Web Crippling Check - EQ J10-5b
LRFD Resistance Factor Oc: 0.75
Modulus of Elasticity of Steel E: 29000 ksi (199955 MPa)

Beam Web Crippling Capacity

DRncp = $c0.4(typp + twbPL)z

1.5
1+ (ﬂ -0 2) (tw”” i tw””) Eromtyon R 77.2 ki 43 kN,
Dpp trpp twop T twppL ORnco? < Kp (343 kM)

Beam Web Crippling Unity Check
DCRyer = (max(Vub_eqlvub_eqz)/z)/¢Rncb I DCRycp: 0.63 I
Provide Stiffener if DCR o, > 1.0

5.7.3 Required Stiffener Thickness

Beam Stiffener Required?
Required if DCR ,,;, > 1.0 0r DCR .y > 1.0 FALSE

Total Force Taken by Stiffeners Vsiite 0.0 kip (0 kN)
Vsiitt = MaxX(Vup_eqr Vub_eq2)/2 -Min($Rpyb,ORch)

Required Stiffener Area (Each Side of beam web) Acst req 0.00 in2 (0 mm?2)
Acstreq = (Vsiri/2) / (0.9%Fygm)
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Stiffener Width (Each side of beam web)
bgt = (Dprtun)/2

Required Stiffener Thickness (Each side of beam web)

tstreq = Aestreq / Dst

City of Puyallup

E: ‘Metric size based on t Development & Permitting Services
us ¢ i) ISSUED PERMIT

Building

Engineering Public Works

5.8.0 Summary

Fire Traffic

5.2.1 Whitmore Section Stress

5.2.2 Gusset Plate Buckling

5.6.1A Gusset Weld Base Metal Check at Beam (Gusset)
Gusset Weld Base Metal Check at Beam (Flange)

5.6.1B Gusset Weld Base Metal Check at Column (Gusset)
Gusset Weld Base Metal Check at Column (Web)

5.6.1C Beam Weld Filler Material Base Metal Compatability Check
Column Weld Filler Material Base Metal Compatability Check

5.7.1 Beam Web Yield Check

5.7.2 Beam Web Crippling Check
Provide Stiffener if DCRwyb or DCRwcb > 1.0
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byt 3.08 in
i re 0.00 in
L 0.00 in |

DCRy: 0.29
DCRgy: 0.35
DCwambq: 0.48
DCRWbmbf: 0.59
DCR yomea: 0.48
DCRybmew: 0.68
DCRypom g 0.85
DCRybm, o 0.85
DCRyy: 0.40
DCRyeb: 0.63

(78 mm)

(0 mm)

(0 mm)



COREBRACE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building I
4/ /COREBRACE s JEAW/COL WEB (WEAK-AXIS) BOTTOM CONNECTION
Fire Traffic
Project: Puyallup PSB
Location: Puyallup, WA
Job: 6910
Specimen ID and Location Section 5.0 Design Criteria

EOR-ID Line Grids Lvis Mark Qty| Asc | Fymax CF Puc | Put | WL | Bieo | twe tc | Dob |PNog tws to b, | Kaesb | twopL | Oce | Ourm | Poot-sm| Poot.cor| Exts | Extc b, e c a

# # # # # in? Ksi B w kip | kip in in in in in in in in in in in rad | rad in in in in in in in in
BRB7.5 2 G-G.5 1 2901 1 1750] 43 [1.12]1.29]1.00| 466 | 416 | 8.88 | 12.00| 0.39 | 0.61] 0.0 0.0| 5.0 0.00 - 1.00 [ 0.00 [0.96] 0.61 | 2.0 2.3 1.0 1.0 1.3 1 16 | 3.0 | 4.0
BRB7.5 2 G.5-H 1 2901 1 1750] 43 [1.12]1.29]1.00| 466 | 416 | 8.88 | 12.00) 0.39 | 0.61] 0.0{ 0.0] 5.0] 0.00 - 1.00 [ 0.00 {0.96] 0.61 | 2.0 2.4 1.0 1.0 1.3 | 1.6 [ 3.0 [ 4.0
BRB2.25 6 D.5-E 2 2902 1 1225] 43 [1.12]1.35/1.00| 146 | 131 | 7.38 | 12.00] 0.39 | 0.61 |20.7{20.7] 0.4 | 0.45 - 0.95 [ 0.00 [0.96] 0.61| 2.0 2.3 1.0 1.0 1.0 | 16 | 3.0 | 4.0
BRB2.25 6 G-G.5 2 2903 1 1225| 43 [1.12]1.35/1.00f 146 | 131 | 7.38 | 12.00] 0.39 | 0.61 |20.7{20.7] 0.4 | 0.45 - 0.95 [ 0.00 [0.96] 0.61| 2.0 2.3 1.0 1.0 1.0 | 1.6 [ 3.0 [ 4.0
BRB2.25 6 G.5-H 2 2903 1 1225] 43 [1.12]1.35/1.00| 146 | 131 | 7.38 | 12.00| 0.39 | 0.61 |20.7{20.7] 0.4 | 0.45 - 0.95 [ 0.00 [0.96] 0.61| 2.0 2.3 1.0 1.0 1.0 | 1.6 [ 3.0 [ 4.0
BRB3.0 8 G-G.5 1 2904 1 13.00| 43 [1.17]1.21]1.00f 183 | 156 | 7.38 |12.00) 0.39 | 0.61] 0.0{ 0.0] 5.0] 0.00 - 1.00 [ 0.00 {1.00] 0.57 2.0 2.1 1.0 1.0 1.0 | 1.6 [ 3.0 [ 4.0
BRB3.0 8 G.5-H 1 2904 1 13.00] 43 [1.17]1.21]1.00| 183 | 156 | 7.38 | 12.00| 0.39 | 0.61 ] 0.0 0.0| 5.0 0.00 - 1.00 [ 0.00 [1.00] 0.57 [ 2.0 2.1 1.0 1.0 1.0 | 1.6 [ 3.0 [ 4.0
BRB2.0 8 H-H.5 2 2905 1 1200| 43 [1.13]1.35/1.00f 131 ] 116 | 7.13 |12.00| 0.39 | 0.61 |17.7{17.7] 0.3 | 0.43 - 0.83 [ 0.00 {0.96] 0.62| 2.0 2.5 1.0 1.0 09 ] 16| 3.0 | 4.0
BRB2.0 8 H.5-J 2 2905 1 1200| 43 [1.13]1.35/1.00f 131 ] 116 | 7.13 |12.00| 0.39 | 0.61 |17.7{17.7] 0.3 | 0.43 - 0.83 [ 0.00 [0.96] 0.62| 2.0 2.5 1.0 1.0 09 | 16 | 3.0 | 4.0
BRB2.75 10 G-G.5 1 2906 1 1275| 43 [1.12]1.34|1.00f 177 | 158 | 7.38 |12.00) 0.39 ] 0.61] 0.0{ 0.0] 5.0] 0.00 - 1.00 [ 0.00 {1.00] 0.57 2.0 2.1 1.0 1.0 1.0 | 1.6 [ 3.0 [ 4.0
BRB2.75 10 G.5-H 1 2906 1 1275] 43 [1.12]1.34]1.00| 177 | 158 | 7.38 | 12.00| 0.39 | 0.61 ] 0.0 0.0| 5.0 0.00 - 1.00 [ 0.00 [1.00] 0.57 [ 2.0 2.1 1.0 1.0 1.0 | 1.6 [ 3.0 [ 4.0
BRB2.75 11 D.5-E 2 2907 1 1275| 43 [1.14]1.36/1.00f 183 | 161 | 7.38 | 12.00| 0.39 | 0.61 |17.7{17.7] 0.3 | 0.43 6.00 [ 0.83 [ 0.00 [0.93] 0.64| 2.0 2.3 1.0 1.0 1.0 | 1.6 [ 3.0 [ 4.0
BRB2.0 13 C-C.5 1 2908 1 [ 200 43 |1.12]1.34[{1.00f( 129 | 115 7.13 [12.00/ 0.39 ] 0.61] 0.0 0.0| 5.0| 0.00 - 1.00 | 0.00 |1.00] 0.57 | 2.0 2.2 1.0 1.0 09 | 16 | 3.0 | 40
BRB2.0 13 C.5-D 1 2908 1 1200| 43 [1.12]1.34]1.00f 129 ] 115] 7.13]12.00) 0.39 | 0.61] 0.0 0.0] 5.0] 0.00 - 1.00 [ 0.00 {1.00] 0.57 [ 2.0 2.2 1.0 1.0 09 ] 16| 3.0 | 4.0
BRB2.0 13 H-H.5 1 2909 1 [ 200 43 |1.12]1.34[{1.00f( 129 | 115 7.13 [12.00/ 0.39 ] 0.61] 0.0] 0.0| 5.0| 0.00 - 1.00 | 0.00 |1.00] 0.57 | 2.0 2.2 1.0 1.0 09 | 16 | 3.0 | 40
BRB2.0 13 H.5-J 1 2909 1 1200| 43 [1.12]1.34]1.00f 129 ] 115] 7.13]12.00) 0.39 | 0.61] 0.0{ 0.0] 5.0] 0.00 - 1.00 [ 0.00 {1.00] 0.57 | 2.0 2.2 1.0 1.0 09 ] 16| 3.0 | 4.0
BRB2.75 15 H.5-J 2 2910 1 [ 275 43 |1.14|1.36/1.00( 183 | 161 [ 7.38 [12.00| 0.39 | 0.61 |17.7]17.7] 0.3 | 0.43 6.00 | 0.83 | 0.00 |0.93] 0.64| 2.0 2.3 1.0 1.0 1.0 | 1.6 | 3.0 | 4.0
BRB2.0 D 3-3.5 2 2911 1 1200| 43 [1.13[1.35/1.00f 131 ] 116 | 7.13 ]12.00| 0.39 | 0.61 |17.7{17.7] 0.3 | 0.43 - 0.83 [ 0.00 [0.95| 0.62| 2.0 2.1 1.0 1.0 09 ] 16| 3.0 | 4.0
BRB2.0 D 3.5-4 2 2911 1 [ 200 43 |1.13]1.35[1.00( 131 | 116 7.13 [12.00f 0.39 | 0.61 |17.7|17.7] 0.3 | 0.43 - 0.83 | 0.00 |0.95| 0.62] 2.0 2.1 1.0 1.0 09 | 16 | 3.0 ] 40

Page 66 of 91




City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE —==F /ICOL WEB (WEAK-AXIS) BOTTOM CONNECTION

Engineerina- ublic Works

Fire Traffic
Project: Puyallup PSB
Location: Puyallup, WA
Job: 6910
Specimen ID and Location Section 5.1.0 Geometry Calculations - Uniform Force Method
Length from WP to Bottom Tip of Brace Length from Square Projection to Edge of Gusset (CB Lap on Gusset)
EOR-ID Line Grids Lvis Mark Qty| L Lico Lbb L1bb Ly Ly | ecoi| €8m| /gemin | Tgbmin | @ min] WDgnpn WDgmout | 9 | Obar | B min| WDcoyn WDcoiout | Bg | Boar K K b a B r
# # # # # in in in in in in in | in in in in in in in in in in in in in in in in in in

BRB7.5 2 G-G.5 1 2901 1 10.4 8.9 0.0 5.0 194 | 153[(02[ 0.0 315 241 12.1 3.5 0.5 10.1 [ 13.6 | 15.7 1.5 0.5 14.7 | 16.2 -0.2 209 (1.2(122[176] 215
BRB7.5 2 G.5-H 1 2901 1 10.4 8.9 0.0 5.0 194 | 153[(02[ 0.0 315 24.2 12.1 3.5 0.5 10.1 [ 13.6 | 15.7 1.5 0.5 14.7 [ 16.2 -0.2 209 (1.2(122[176]215
BRB2.25 6 D.5-E 2 2902 1 10.5 7.9 12.6 4.3 184 | 8.3 [ 0.2 (104 14.2 18.8 9.4 4.0 0.5 72 | 112 71 1.5 0.5 6.1 [ 76 7.0 242 (26[121] 73 |215
BRB2.25 6 G-G.5 2 2903 1 10.5 7.9 12.6 4.3 184 | 83 [ 0.2 (104 14.2 18.9 9.4 4.0 0.5 72 | 112 71 1.5 0.5 6.1 [ 76 7.0 24227121 73 ]1215
BRB2.25 6 G.5-H 2 2903 1 10.5 7.9 12.6 4.3 184 | 8.3 [ 0.2[10.4| 14.2 18.9 9.4 4.0 0.5 72 | 112 71 1.5 0.5 6.1 [ 76 7.0 24227 (121] 73 | 215
BRB3.0 8 G-G.5 1 2904 1 11.2 8.2 0.0 4.2 194 | 83 [02[0.0| 2538 18.6 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9[ 134 -0.2 1561111 93 | 149|177
BRB3.0 8 G.5-H 1 2904 1 11.2 8.2 0.0 4.2 194 | 83 [02[0.0| 2538 18.6 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9 [ 134 -0.2 1561 11| 93 | 149|177
BRB2.0 8 H-H.5 2 2905 1 10.4 8.0 10.8 4.3 184 | 83 [ 0.2 8.9 15.5 18.9 9.4 4.0 0.5 72 | 112 7.8 1.5 0.5 6.8 [ 83 6.1 231123 11.7] 81 ]20.7
BRB2.0 8 H.5-J 2 2905 1 10.4 8.0 10.8 4.3 184 | 83 [ 0.2 8.9 15.5 18.9 9.4 4.0 0.5 72 | 112 7.8 1.5 0.5 6.8 [ 8.3 6.1 231(23[11.7] 81 | 20.7
BRB2.75 10 G-G.5 1 2906 1 11.1 8.2 0.0 4.2 194 | 83 [02[0.0| 2538 18.6 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9[ 134 -0.2 1561111 93 | 149|177
BRB2.75 10 G.5-H 1 2906 1 11.1 8.2 0.0 4.2 194 | 83 (02| 0.0 2538 18.6 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9 [ 134 -0.2 1561 11| 93 | 149|177
BRB2.75 11 D.5-E 2 2907 1 10.0 74 11.0 4.5 174 | 83 [ 0.2 8.9 14.5 18.9 9.4 4.0 0.5 72 | 112 7.2 1.5 0.5 6.2 [ 7.7 6.4 24627 [12.0| 75 ]| 204
BRB2.0 13 C-C.5 1 2908 1 11.1 8.2 0.0 4.1 194 | 83 [02[0.0| 257 18.5 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9 [ 134 -0.2 1561 11| 93 | 148 17.6
BRB2.0 13 C.5-D 1 2908 1 11.1 8.2 0.0 4.1 194 | 83 [02[ 0.0 257 18.5 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9[ 134 -0.2 1561 11] 93 | 148 17.6
BRB2.0 13 H-H.5 1 2909 1 11.1 8.2 0.0 4.1 194 | 83 [02[0.0| 257 18.5 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9 [ 134 -0.2 1551111 93 | 148 | 17.6
BRB2.0 13 H.5-J 1 2909 1 11.1 8.2 0.0 4.1 194 | 83 (02| 0.0 257 18.5 9.3 3.5 0.5 7.3 1108 129 1.5 0.5 11.9[ 134 -0.2 1551111 93 | 148 17.6
BRB2.75 15 H.5-J 2 2910 1 10.0 7.4 11.0 4.5 174 | 83 [ 0.2 8.9 14.5 18.9 9.4 4.0 0.5 72 | 112 7.2 1.5 0.5 6.2 | 7.7 6.4 24627120 75 | 204
BRB2.0 D 3-3.5 2 2911 1 10.3 71 10.9 4.3 174 | 83 [ 0.2 8.9 14.6 18.5 9.2 4.0 0.5 70 | 110f 73 1.5 0.5 6.3 [ 7.8 6.2 234 (125|116 76 | 20.2
BRB2.0 D 3.5-4 2 2911 1 10.3 71 10.9 4.3 174 | 83 [ 0.2 8.9 14.6 18.5 9.2 4.0 0.5 70 | 110f 73 1.5 0.5 6.3 [ 7.8 6.2 234(25[116] 76 | 20.2
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Specimen ID and Location 5.2.1 Whitmore Section Stress Check 5.2.2 Gusset Plate Buckling

EOR-ID Grids Mark ni| no| np ty | t: pes | Whtm Ang| Lg, Y1 X2 Full Ht] hg, | hco | Constrain R, P, E K rg A $R.p P

# # # # # #l1#|# in in deg in in in Guss?| in in Whitmore kip | R, b ksi 9 in ¢ kip (1
BRB7.5 2 G-G.5 1 2901 1 4{0[8 1.00] 0.00 30 12.0 | 25.4 | 16.5 FALSE| 25.5| 18.2 FALSE 877 |0.470.90[29000| 1.0 0.2910.48| 796 0.59
BRB7.5 2 G.5-H 1 2901 1 4{0(8 1.00] 0.00 30 12.0 | 254 ] 16.5 FALSE| 25.5| 18.2 FALSE 877 |10.47]0.90]29000| 1.0 0.29(0.48| 796 0.59
BRB2.25 6 D.5-E 2 2902 1 210] 4 1.00] 0.00 30 5.0 | 9.0 [ 124 FALSE| 9.0 | 13.7 FALSE 445 | 0.29]0.90]29000( 1.0 0.29(0.36[ 421 0.35
BRB2.25 6 G-G.5 2 2903 1 2/0]4 1.00] 0.00 30 50 ] 9.0 | 124 FALSE| 9.0 | 13.7 FALSE 445 |0.29]0.90]29000{ 1.0 0.29(0.36[ 421 0.35
BRB2.25 6 G.5-H 2 2903 1 210] 4 1.00{ 0.00 30 5.0 | 9.0 [ 124 FALSE| 9.0 | 13.7 FALSE 445 | 0.29]0.90]29000( 1.0 0.29(0.36[ 421 0.35
BRB3.0 8 G-G.5 1 2904 1 2/0]4 1.00] 0.00 30 5.0 1 20.8] 12.0 FALSE| 20.8 | 13.6 FALSE 445 |0.35]0.90]29000{ 1.0 0.29(0.62| 379 0.48
BRB3.0 8 G.5-H 1 2904 1 210] 4 1.00] 0.00 30 5.0 | 20.8 [ 12.1 FALSE| 20.8 | 13.6 FALSE 445 | 0.35]0.90]29000( 1.0 0.29(0.62| 379 0.48
BRB2.0 8 H-H.5 2 2905 1 2/0]4 1.00] 0.00 30 5.0 1 104 ] 127 FALSE| 10.5] 13.9 FALSE 434 |0.27]0.90]29000{ 1.0 0.29(0.42| 403 0.33
BRB2.0 8 H.5-J 2 2905 1 210] 4 1.00] 0.00 30 5.0 | 104 ] 12.7 FALSE| 10.5| 13.9 FALSE 434 | 0.27]0.90]29000( 1.0 0.29(0.42| 403 0.33
BRB2.75 G-G.5 1 2906 1 2/0]4 1.00] 0.00 30 5.0 1 20.8 ] 12.1 FALSE| 20.8 | 13.6 FALSE 445 |0.36] 0.90]29000( 1.0 0.29(0.62| 379 0.47
BRB2.75 G.5-H 1 2906 1 210] 4 1.00] 0.00 30 5.0 | 20.8 | 12.1 FALSE| 20.8 | 13.6 FALSE 445 | 0.36) 0.90]29000( 1.0 0.29(0.62| 379 0.47
BRB2.75 D.5-E 2 2907 1 210]4 1.00] 0.00 30 5.0 | 9.1 12.5 FALSE| 9.2 | 13.6 FALSE 445 |0.36] 0.90]29000( 1.0 0.29(0.37( 421 0.44
BRB2.0 C-C.5 1 2908 1 2/0)4 1.00] 0.00 30 5.0 1209 ] 122 FALSE| 209 | 13.7 FALSE 434 | 0.27]0.90]29000( 1.0 0.29(0.62| 369 0.35
BRB2.0 C.5-D 1 2908 1 210]4 1.00] 0.00 30 5.0 1209] 12.2 FALSE| 20.9 | 13.7 FALSE 434 |0.27]0.90]29000{ 1.0 0.29(0.62| 369 0.35
BRB2.0 H-H.5 1 2909 1 2/0)4 1.00] 0.00 30 5.0 1209 ] 122 FALSE| 209 | 13.7 FALSE 434 | 0.27]0.90]29000( 1.0 0.29(0.62| 369 0.35
BRB2.0 H.5-J 1 2909 1 210]4 1.00] 0.00 30 5.0 1 209] 12.2 FALSE| 20.9 | 13.7 FALSE 434 |0.27]0.90]29000{ 1.0 0.29(0.62| 369 0.35
BRB2.75 H.5-J 2 2910 1 2/0)4 1.00] 0.00 30 5.0 | 9.1 12.5 FALSE| 9.2 | 13.6 FALSE 445 | 0.36) 0.90]29000( 1.0 0.29(0.37( 421 0.44
BRB2.0 3-3.5 2 2911 1 210]4 1.00] 0.00 30 50 ] 95 ] 123 FALSE| 9.5 | 134 FALSE 434 |0.27]0.90]29000{ 1.0 0.29(0.38] 409 0.32
BRB2.0 3.5-4 2 2911 1 2/0]4 1.00] 0.00 30 50 ] 95 ] 123 FALSE| 9.5 | 134 FALSE 434 | 0.27]0.90]|29000{ 1.0 0.29(0.38| 409 0.32
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Specimen ID and Location Section 5.2.0 Gusset Stress Calculations - AISC 360
5.2.3.A Consider Self Weight of Brace Out-of-Plane Acton on Gusset 5.2.3.B Consider Adjusted Brace Strength at Out-of-Plane Frame Deformation

EOR-ID Line Grids Lvis Mark Qty Sa Factor | Wigrs Fadar-oop/end | SW Foor (A End) | Marm-oop | SW Moop Factor SD Drift Angle Factor Py Mam_pH Mpy

# # # # # (SDS) on Su P kips kips kips in k-in on SD % RAD on ABS kips in k-in
BRB7.5 2 G-G.5 1 2901 1 1.01 0.40 1.00 2.42 0.00 0.49 25.25 12.31 0.67 1.00% 0.01 100% 3.11 7.63 23.69
BRB7.5 2 G.5-H 1 2901 1 1.01 0.40 1.00 2.42 0.00 0.49 25.25 12.31 0.67 1.00% 0.01 100% 3.11 7.63 23.69
BRB2.25 6 D.5-E 2 2902 1 1.01 0.40 1.00 1.57 0.00 0.32 18.25 5.77 0.67 1.00% 0.01 100% 0.98 4.13 4.02
BRB2.25 6 G-G.5 2 2903 1 1.01 0.40 1.00 1.57 0.00 0.32 18.25 5.77 0.67 1.00% 0.01 100% 0.98 4.13 4.02
BRB2.25 6 G.5-H 2 2903 1 1.01 0.40 1.00 1.57 0.00 0.32 18.25 5.77 0.67 1.00% 0.01 100% 0.98 4.13 4.02
BRB3.0 8 G-G.5 1 2904 1 1.01 0.40 1.00 1.68 0.00 0.34 18.25 6.18 0.67 1.00% 0.01 100% 1.22 4.13 5.02
BRB3.0 8 G.5-H 1 2904 1 1.01 0.40 1.00 1.68 0.00 0.34 18.25 6.18 0.67 1.00% 0.01 100% 1.22 4.13 5.02
BRB2.0 8 H-H.5 2 2905 1 1.01 0.40 1.00 1.52 0.00 0.31 18.25 5.57 0.67 1.00% 0.01 100% 0.87 4.13 3.61
BRB2.0 8 H.5-J 2 2905 1 1.01 0.40 1.00 1.52 0.00 0.31 18.25 5.57 0.67 1.00% 0.01 100% 0.87 4.13 3.61
BRB2.75 10 G-G.5 1 2906 1 1.01 0.40 1.00 1.72 0.00 0.35 18.25 6.31 0.67 1.00% 0.01 100% 1.18 4.13 4.88
BRB2.75 10 G.5-H 1 2906 1 1.01 0.40 1.00 1.72 0.00 0.35 18.25 6.31 0.67 1.00% 0.01 100% 1.18 4.13 4.88
BRB2.75 11 D.5-E 2 2907 1 1.01 0.40 1.00 1.48 0.00 0.30 18.25 5.42 0.67 1.00% 0.01 100% 1.22 4.13 5.04
BRB2.0 13 C-C.5 1 2908 1 1.01 0.40 1.00 1.67 0.00 0.34 18.25 6.12 0.67 1.00% 0.01 100% 0.86 4.13 3.55
BRB2.0 13 C.5-D 1 2908 1 1.01 0.40 1.00 1.67 0.00 0.34 18.25 6.12 0.67 1.00% 0.01 100% 0.86 4.13 3.55
BRB2.0 13 H-H.5 1 2909 1 1.01 0.40 1.00 1.67 0.00 0.34 18.25 6.12 0.67 1.00% 0.01 100% 0.86 4.13 3.55
BRB2.0 13 H.5-J 1 2909 1 1.01 0.40 1.00 1.67 0.00 0.34 18.25 6.12 0.67 1.00% 0.01 100% 0.86 4.13 3.55
BRB2.75 15 H.5-J 2 2910 1 1.01 0.40 1.00 1.48 0.00 0.30 18.25 5.42 0.67 1.00% 0.01 100% 1.22 4.13 5.04
BRB2.0 D 3-3.5 2 2911 1 1.01 0.40 1.00 1.50 0.00 0.30 18.25 5.51 0.67 1.00% 0.01 100% 0.87 4.13 3.61
BRB2.0 D 3.5-4 2 2911 1 1.01 0.40 1.00 1.50 0.00 0.30 18.25 5.51 0.67 1.00% 0.01 100% 0.87 4.13 3.61
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Specimen ID and Location 532.3.C Consider Total Moment from Part Aand B Section 5.3.0 Force Calculations - AISC 360 Bracing Section 520 Mimmum Strength - ASTM

EOR-ID Line Grids Lvis Mark Qty M, L. L, Ly Z, $Mn Mu DCR Ve | Hue] Muc| Hub | Vub | Mup |Hue'| Vuo' | fve | fre | foc | fb | fio | foo | Fexx | FyBm | Fuem | Fycol | Fucol

# # # # # k-in in in in in® k-in oéMn gb+f kip | kip | k-in] kip | kip | k-in | kip | kip | K/in | k/in | k/in | k/in | k/in | k/in | ksi ksi ksi ksi ksi
BRB7.5 2 G-G.5 1 2901 1 36.0 17.4 17.2 34.6 8.66 389.7 0.09 0.67 381| 4] 6 1263] O 0 5 0 [12.94( 0.14 | 0.04 | 0.00 |13.08]| 0.00 [ 70 36 58 36 58
BRB7.5 2 G.5-H 1 2901 1 36.0 17.4 17.2 34.6 8.66 389.7 0.09 0.67 3811 4|1 6 (264 O 0 5 0 |12.94]/ 0.14] 0.04 | 0.00 [13.08] 0.00 | 70 36 58 36 58
BRB2.25 6 D.5-E 2 2902 1 9.8 11.0 11.2 22.2 5.56 250.1 0.04 0.38 50 [ 1] 0 [ 8| 70 | 63 | 2 | 97 |4.08|0.11[0.02|4.91]|5.73]|184] 70 36 58 36 58
BRB2.25 6 G-G.5 2 2903 1 9.8 11.0 11.2 22.2 5.56 250.2 0.04 0.38 50 | 1] 0| 8 [ 70] 64| 2| 97 [408]|0.11]0.02|490]|5.73[1.86] 70 36 58 36 58
BRB2.25 6 G.5-H 2 2903 1 9.8 11.0 11.2 22.2 5.56 250.2 0.04 0.38 50 [ 1] 0 [ 8| 70 | 64 | 2 | 97 |4.08|0.11[0.02|4.90| 5.73]| 1.86| 70 36 58 36 58
BRB3.0 8 G-G.5 1 2904 1 11.2 11.1 10.6 21.7 5.43 244 .4 0.05 0.52 1541 2 | 3 | 96 0 0 3 0 | 6.47[0.08]|0.03|0.00]6.58]|0.00| 70 36 58 36 58
BRB3.0 8 G.5-H 1 2904 1 11.2 11.1 10.7 21.7 5.43 244.5 0.05 0.52 154 2| 3 | 96 0 0 3 0 |6.47(0.08|0.03]|0.00]6.58|0.00[ 70 36 58 36 58
BRB2.0 8 H-H.5 2 2905 1 9.2 11.0 11.1 22.1 5.52 248.4 0.04 0.36 51111 0| 74 56| 31 1169 [3.77]10.09(/0.01]390(5.17]0.89( 70 36 58 36 58
BRB2.0 8 H.5-J 2 2905 1 9.2 11.0 11.1 22.1 5.52 248.4 0.04 0.36 59 [ 1] 0 [ 74| 56 | 31 1|69 [3.77]0.09)0.01]390(5.17/0.89]| 70 36 58 36 58
BRB2.75 10 G-G.5 1 2906 1 11.2 11.1 10.7 21.7 5.44 244.6 0.05 0.51 150 2 | 3 | 94 0 0 3 0 |6.28]0.08]0.03|0.00]6.40]0.00] 70 36 58 36 58
BRB2.75 10 G.5-H 1 2906 1 11.2 11.1 10.7 21.8 5.44 244.7 0.05 0.51 150 2| 3 | %4 0 0 3 0 |6.28(0.08|0.03]|0.00]6.40|0.00[ 70 36 58 36 58
BRB2.75 11 D.5-E 2 2907 1 10.5 11.0 11.7 22.6 5.66 254.5 0.04 0.47 67 | 2| 0 ]108] 80 | 63 | 2 [ 106)5.38[0.14] 0.02| 554 | 7.50|1.83]| 70 36 58 36 58
BRB2.0 13 C-C.5 1 2908 1 9.7 11.0 10.5 21.5 5.37 241.7 0.04 0.39 109 1| 2| 68 0 0 2 0 |458[0.06]0.02|0.00]4.69]0.00] 70 36 58 36 58
BRB2.0 13 C.5-D 1 2908 1 9.7 11.0 10.5 21.5 5.37 241.7 0.04 0.39 109 1| 2 | 68 0 0 2 0 |458[0.06]0.02]|0.00]4.69]|0.00|] 70 36 58 36 58
BRB2.0 13 H-H.5 1 2909 1 9.7 11.0 10.5 21.5 5.37 241.5 0.04 0.39 109 1| 2| 68 0 0 2 0 |458[0.06]0.02]|0.00]4.69]0.00] 70 36 58 36 58
BRB2.0 13 H.5-J 1 2909 1 9.7 11.0 10.5 21.5 5.37 241.5 0.04 0.39 109 1| 2 | 68 0 0 2 0 | 458[0.06]|0.02]|0.00]4.69]|0.00| 70 36 58 36 58
BRB2.75 15 H.5-J 2 2910 1 10.5 11.0 11.7 22.6 5.66 254.5 0.04 0.47 67 | 2| 0 ]108] 80 | 63 | 2 [106)5.38(0.14] 0.02|5.54]| 750|183 70 36 58 36 58
BRB2.0 D 3-3.5 2 2911 1 9.1 10.8 11.2 22.0 5.51 248.0 0.04 0.35 49 |1 1[0 | 75| 57| 37| 1| 73]389[0.10]|0.01[4.10]5.39]1.13] 70 36 58 36 58
BRB2.0 D 3.5-4 2 2911 1 9.1 10.8 11.2 22.0 5.51 248.0 0.04 0.35 49 | 1 0 75 | 57 37 1 73 1389]0.10] 0.01(4.10f5.39[1.13] 70 36 58 36 58
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Building h‘_

Engineerina-

ublic Works

Fire

Traffic

/ICOL WEB (WEAK-AXIS) BOTTOM CONNECTION

Specimen ID and Location

Section 5.4.0 Weld Design & Stress Checks - AISC 360

5.4.1 Initial Fillet Weld Calculations

5.4.2 Beam/Column Stress Checks

EOR-ID Line Grids Lvis Mark Qty Owc c Owp c foeak_c | fava_c | feont_c| foeak b | favgb | feontb | Dwet Duwb1 | OGC | Vub-occ dose FHG Rup [R'wp| twob | twob | twobt | PVao| PVibe| VuntRun | AVyp
# # # # # HF rad | rad ° 1 win | kin | win k/in k/in k/in 16ths | 16ths | Below Kip Below kip | kip in in in kip kip | ®Vibornbe| Kip
BRB7.5 2 G-G.5 1 2901 1 11.25(0.01]1.00{0.00{1.00| 12.94]112.94]| 16.18| 13.08 [ 13.08 | 16.35 5.81 5.87 No 0 1.0 FALSE | 0 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB7.5 2 G.5-H 1 2901 1 11.25(0.01]1.00{0.00{1.00] 12.94]112.94]| 16.18| 13.08 [ 13.08 | 16.35 5.81 5.87 No 0 1.0 FALSE | O 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.25 6 D.5-E 2 2902 1 11.25(0.03/1.00/0.87{1.33] 4.08 | 4.08| 5.10 | 8.85 7.67 9.59 1.83 2.58 No 0 1.0 FALSE | 30 [ 30 | 0.350 | 0.000 | 0.350 | 156 | 117 0.86 0
BRB2.25 6 G-G.5 2 2903 1 11.25(0.03]1.00/0.87{1.33] 4.08 | 4.08 | 5.10 | 8.86 7.67 9.59 1.83 2.58 No 0 1.0 FALSE | 30 [ 30 | 0.350 | 0.000 | 0.350 | 156 | 117 0.86 0
BRB2.25 6 G.5-H 2 2903 1 11.25(0.03/1.00/0.87{1.33] 4.08 | 4.08| 5.10 | 8.86 7.67 9.59 1.83 2.58 No 0 1.0 FALSE | 30 [ 30 | 0.350 | 0.000 | 0.350 | 156 | 117 0.86 0
BRB3.0 8 G-G.5 1 2904 1 11.25{0.02]1.00/0.00{1.00| 6.47 | 6.47 | 8.08 | 6.58 [ 6.58 8.23 2.90 2.96 No 0 1.0 FALSE | O 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB3.0 8 G.5-H 1 2904 1 11.25[(0.02]1.00/0.00{1.00| 6.47 | 6.47 | 8.08 | 6.58 [ 6.58 8.23 2.90 2.96 No 0 1.0 FALSE | 0 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.0 8 H-H.5 2 2905 1 11.25{0.03]1.00]0.75(1.28] 3.77 | 3.77 | 4.72 | 7.05 [ 6.52 8.15 1.69 2.29 No 0 1.0 FALSE | 30 [ 30 | 0.300 | 0.000 | 0.300 | 115 86 1.00 0
BRB2.0 8 H.5-J 2 2905 1 [1.25[(0.03/1.00[0.75(1.28| 3.77 | 3.77 | 4.72 | 7.05 [ 6.52 8.15 1.69 2.29 No 0 1.0 FALSE | 30 [ 30 | 0.300 | 0.000 [ 0.300 | 115 86 1.00 0
BRB2.75 10 G-G.5 1 2906 1 11.25{0.02]1.00/0.00{1.00| 6.28 | 6.28 | 7.85 | 6.40 [ 6.40 8.00 2.82 2.87 No 0 1.0 FALSE | O 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.75 10 G.5-H 1 2906 1 11.25[(0.02]1.00/0.00{1.00| 6.28 | 6.28 | 7.85 | 6.40 [ 6.40 8.00 2.82 2.87 No 0 1.0 FALSE | 0 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.75 11 D.5-E 2 2907 1 11.25(0.03/1.00/0.78[{1.29] 5.38 | 5.38 | 6.73 | 10.51 [ 9.44 11.80 2.41 3.28 No 0 1.0 FALSE | 30 [ 30 | 0.300 | 0.000 [ 0.300 | 115 86 1.28 24
BRB2.0 13 C-C.5 1 2908 1 11.25/0.0211.00/0.00)1.00| 4.58 | 4.58 | 5.73 | 4.69 | 4.69 5.86 2.05 2.10 No 0 1.0 FALSE | 0 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.0 13 C.5-D 1 2908 1 11.25{0.02]1.00/0.00{1.00] 4.58 | 4.58 | 5.73 | 4.69 [ 4.69 5.86 2.05 2.10 No 0 1.0 FALSE | O 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.0 13 H-H.5 1 2909 1 11.25/0.0211.00/0.00)1.00| 4.58 | 4.58 | 5.73 | 4.69 | 4.69 5.86 2.06 2.10 No 0 1.0 FALSE | 0 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.0 13 H.5-J 1 2909 1 11.25(0.02]1.00/0.00{1.00] 4.58 | 4.58 | 5.73 | 4.69 [ 4.69 5.86 2.06 2.10 No 0 1.0 FALSE | O 0 | 5.000 | 0.000 | 5.000 0 0 0.00 0
BRB2.75 15 H.5-J 2 2910 1 11.25/0.03]1.00/0.78]1.29| 5.38 | 5.38 | 6.73 | 10.51 | 9.44 11.80 2.41 3.28 No 0 1.0 FALSE | 30 [ 30 | 0.300 | 0.000 [ 0.300 | 115 86 1.28 24
BRB2.0 D 3-3.5 2 2911 1 11.25(0.03]1.00[0.77{1.29] 3.89 | 3.89 | 4.87 | 7.52 | 6.84 8.54 1.74 2.38 No 0 1.0 FALSE | 30 [ 30 | 0.300 | 0.000 [ 0.300 | 115 86 1.02 1
BRB2.0 D 3.5-4 2 2911 1 11.25/0.03]1.00]0.77]1.29| 3.89 | 3.89 | 4.87 | 7.52 6.84 8.54 1.74 2.38 No 0 1.0 FALSE | 30 [ 30 | 0.300 | 0.000 [ 0.300 | 115 86 1.02 1
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE e BEAN/COL WEB (WEAK-AXIS) BOTTOM CONNECTION

Engineerina- ublic Works

Fire Traffic

Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910
Specimen ID and Location Section 5.5.0 Revised Force C?:Ig:ﬂz‘t:?c\?etlz Account for Force Transfer to Section 5.6.0 Weld Design/Stress Checks for Revised Forces

EOR-ID Line Grids Lvis Mark Qty AMub Mubz Vub-eqz f‘VC fIHc flbc fIvl:v f'Hl:v f'hh ewc c ewb c fIpeak_v.: flavg_c f'cont_c f'peak_h flavg_h flcont_b Fillet DCR DCR DCR DCR DCR DCR

# # # # # k-in k-in kip k/in k/in k/in k/in k/in k/in rad | rad b k/in k/in k/in k/in k/in k/in Dyec Duc,u Dub Dub,u wbmbg wbmbf wbmcg wbmew wbmBm | wbm,Col
BRB7.5 2 G-G.5 1 2901 1 0 0 0 12.94 0.14 0.04 0.00 13.08 0.00 0.01 {1.00{0.00{1.00{ 12.94 [ 12.94 | 16.18 | 13.08 | 13.08 | 16.35 5.81 6.00 5.87 6.00 0.56 - 0.55 0.79 0.85 0.85
BRB7.5 2 G.5-H 1 2901 1 0 0 0 12.94 0.14 0.04 0.00 13.08 0.00 0.01 11.00{0.00{1.00] 12.94 | 12.94 | 16.18 | 13.08 | 13.08 | 16.35 5.81 6.00 5.87 6.00 0.56 - 0.55 0.79 0.85 0.85
BRB2.25 6 D.5-E 2 2902 1 0 63 97 4.08 0.11 0.02 4.91 5.73 1.84 0.03 [1.00/0.87[1.33| 4.08 4.08 5.10 8.85 7.67 9.59 1.83 5.00 2.58 5.00 0.48 0.59 0.48 0.68 0.85 0.85
BRB2.25 6 G-G.5 2 2903 1 0 64 97 4.08 0.11 0.02 4.90 5.73 1.86 0.03 11.00{0.87(1.33] 4.08 4.08 5.10 8.86 7.67 9.59 1.83 5.00 2.58 5.00 0.48 0.59 0.48 0.68 0.85 0.85
BRB2.25 6 G.5-H 2 2903 1 0 64 97 4.08 0.11 0.02 4.90 5.73 1.86 0.03 [1.00/0.87[1.33| 4.08 4.08 5.10 8.86 7.67 9.59 1.83 5.00 2.58 5.00 0.48 0.59 0.48 0.68 0.85 0.85
BRB3.0 8 G-G.5 1 2904 1 0 0 0 6.47 0.08 0.03 0.00 6.58 0.00 0.02 11.00{0.00{1.00| 6.47 6.47 8.08 6.58 6.58 8.23 2.90 5.00 2.96 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB3.0 8 G.5-H 1 2904 1 0 0 0 6.47 0.08 0.03 0.00 6.58 0.00 0.02 [1.00/0.00{1.00| 6.47 6.47 8.08 6.58 6.58 8.23 2.90 5.00 2.96 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB2.0 8 H-H.5 2 2905 1 1 31 69 3.78 0.09 0.01 3.89 5.17 0.92 0.03 11.00{0.75[1.28] 3.78 3.78 4.73 7.06 6.52 8.14 1.69 5.00 2.28 5.00 0.48 0.63 0.48 0.68 0.85 0.85
BRB2.0 8 H.5-J 2 2905 1 1 31 69 3.78 0.09 0.01 3.89 5.17 0.92 0.03 [1.00/0.75[(1.28] 3.78 3.78 4.73 7.06 6.52 8.14 1.69 5.00 2.28 5.00 0.48 0.63 0.48 0.68 0.85 0.85
BRB2.75 10 G-G.5 1 2906 1 0 0 0 6.28 0.08 0.03 0.00 6.40 0.00 0.02 11.00{0.00{1.00| 6.28 6.28 7.85 6.40 6.40 8.00 2.82 5.00 2.87 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB2.75 10 G.5-H 1 2906 1 0 0 0 6.28 0.08 0.03 0.00 6.40 0.00 0.02 {1.00/0.00{1.00| 6.28 6.28 7.85 6.40 6.40 8.00 2.82 5.00 2.87 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB2.75 11 D.5-E 2 2907 1 265 63 193 7.28 0.14 0.02 3.89 7.50 9.50 0.02 11.00{1.06{1.41] 7.28 7.28 9.10 15.35 | 12.36 | 15.45 3.26 5.00 3.94 5.00 0.48 0.63 0.48 0.68 0.85 0.85
BRB2.0 13 C-C.5 1 2908 1 0 0 0 4.58 0.06 0.02 0.00 4.69 0.00 0.02 [1.00/0.00{1.00] 4.58 4.58 5.73 4.69 4.69 5.86 2.05 5.00 2.10 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB2.0 13 C.5-D 1 2908 1 0 0 0 4.58 0.06 0.02 0.00 4.69 0.00 0.02 11.00{0.00{1.00] 4.58 4.58 5.73 4.69 4.69 5.86 2.05 5.00 2.10 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB2.0 13 H-H.5 1 2909 1 0 0 0 4.58 0.06 0.02 0.00 4.69 0.00 0.02 [1.00/0.00{1.00| 4.58 4.58 5.73 4.69 4.69 5.86 2.06 5.00 2.10 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB2.0 13 H.5-J 1 2909 1 0 0 0 4.58 0.06 0.02 0.00 4.69 0.00 0.02 11.00{0.00{1.00| 4.58 4.58 5.73 4.69 4.69 5.86 2.06 5.00 2.10 5.00 0.48 - 0.48 0.68 0.85 0.85
BRB2.75 15 H.5-J 2 2910 1 265 63 193 7.28 0.14 0.02 3.89 7.50 9.50 0.02 [1.00/1.06[{1.41| 7.28 7.28 9.10 15.35 | 12.36 [ 15.45 3.26 5.00 3.94 5.00 0.48 0.63 0.48 0.68 0.85 0.85
BRB2.0 D 3-3.5 2 2911 1 15 37 78 4.00 0.10 0.01 4.00 5.39 1.59 0.03 11.00{0.80{1.31] 4.00 4.00 5.00 7.77 6.84 8.55 1.79 5.00 2.35 5.00 0.48 0.63 0.48 0.68 0.85 0.85
BRB2.0 D 3.5-4 2 2911 1 15 37 78 4.00 0.10 0.01 4.00 5.39 1.59 0.03 [1.00/0.80{1.31| 4.00 4.00 5.00 7.77 6.84 8.55 1.79 5.00 2.35 5.00 0.48 0.63 0.48 0.68 0.85 0.85
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

//COREBRAGE e BEAN/COL WEB (WEAK-AXIS) BOTTOM CONNECTION

Engineerina- ublic Works
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910
Specimen ID and Location Section 5.7.0 Col & Bm Web Yielding and Cripplin

5.7.1 Web Yield Check | 5.7.2 Web Crippling Check 5.7.3 Required Stiffener Thickness

EOR-ID Line Grids Lvis Mark Qty| Kdgesb | PRayo | Vin' E |dR.cu| Vun' |B Stiff Vst JAestrad DPst | tstrqa]| tst
# # # # # in kip | ®Rup er ksi | kip | oR.w |Req?| kip | inz | in in in
BRB7.5 2 G-G.5 1 2901 1 1.00 2263 - 0.75 | 29000 |##HHH - n.a. - - - - -
BRB7.5 2 G.5-H 1 2901 1 1.00 2264 - 0.75 | 29000 |##Ht# - n.a. - - - - -
BRB2.25 6 D.5-E 2 2902 1 0.95 120 0.40 0.75 | 29000 77 0.63 no - - - - -
BRB2.25 6 G-G.5 2 2903 1 0.95 120 0.40 0.75 | 29000 77 0.63 no - - - - -
BRB2.25 6 G.5-H 2 2903 1 0.95 120 0.40 0.75 | 29000 77 0.63 no - - - - -
BRB3.0 8 G-G.5 1 2904 1 1.00 1764 - 0.75 | 29000 |###Ht# - n.a. - - - - -
BRB3.0 8 G.5-H 1 2904 1 1.00 1765 - 0.75 | 29000 |##HHH - n.a. - - - - -
BRB2.0 8 H-H.5 2 2905 1 0.83 100 0.35 0.75 | 29000 61 0.57 no - - - - -
BRB2.0 8 H.5-J 2 2905 1 0.83 100 0.35 0.75 | 29000 61 0.57 no - - - - -
BRB2.75 10 G-G.5 1 2906 1 1.00 1766 - 0.75 | 29000 |##Ht# - n.a. - - - - -
BRB2.75 10 G.5-H 1 2906 1 1.00 1767 - 0.75 | 29000 |##HHH - n.a. - - - - -

BRB2.75 11 D.5-E 2 2907 1 0.83 100 0.96 0.75 | 29000 61 159 | yes | 36 | 0.55]2.85(0.19 ] 0.50
BRB2.0 13 C-C.5 1 2908 1 1.00 1758 - 0.75 | 29000 |##HHH - n.a. - - - - -
BRB2.0 13 C.5-D 1 2908 1 1.00 1758 - 0.75 | 29000 |##Ht# - n.a. - - - - -
BRB2.0 13 H-H.5 1 2909 1 1.00 1757 - 0.75 | 29000 |##HHH - n.a. - - - - -
BRB2.0 13 H.5-J 1 2909 1 1.00 1757 - 0.75 | 29000 |##Ht# - n.a. - - - - -

BRB2.75 15 H.5-J 2 2910 1 0.83 100 0.96 0.75 | 29000 61 159 | yes | 36 | 0.55]2.85[ 0.19 ] 0.50
BRB2.0 D 3-3.5 2 2911 1 0.83 98 0.40 0.75 | 29000 60 0.65 no - - - - -
BRB2.0 D 3.54 2 2911 1 0.83 98 0.40 0.75 | 29000 60 0.65 no - - - - -
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Section 6. Chevron Gusset Connection Sample Calculation with
Chevron Connection Summary Tables
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Example Mark #: 2901
Line 2, Grid G-G.5, Level 1

Lwb

O

© O Lwc

O
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Uniform Force Method - AISC 360 - Bradi

6.0 DESIGN CRITERIA
Area of Yielding Steel Core

Maximum Yield Stress of Core Material

Compresssion Strength Adjustment Factor
Strain Hardening Adjustment Factor

Connection Strain Hardening Factor

Axial Design Load Compression (CF*BwF.maxAsc)
Axial Design Load Tension (CF*wF,. maxAsc)

Width of Lug

Stiffener Depth (Thickness)

Beam Depth

Nominal Depth of Beam

Beam Web Thickness

Beam Flange Thickness

Beam Flange Width

Beam k-Zone Height

Angle Between the Beam and Brace CL

Angle Between the Column and Brace CL

Min Clear Distance from Face of Beam to Edge of Lug

Min Clear Distance from Face of Column to Edge of Lug

Gusset Extension to Beam

Gusset Extension to Column

Thickness of Gusset Plate

Distance from Last Bolt to Start of Radius on Lug

Bolt Edge Distance

Weld Material Minimum Yield Strength

Minimum Yield Strength of Beam ASTM

Minimum Tensile Strength of Beam ASTM

Minimum Yield Strength of Gusset

Minimum Tensile Strength of Gusset

Weld Stress Distribution Factor (Ductility Factor)
6.1.0 GEOMETRY CALCULATIONS

Length from WP to Bottom Tip of Brace

Length from WP to Outside Edge of Col along WorkLine

Let = (De/2)/COS(Bcs)

Length from Edge of Column to Tip of CB along WL
Lict = [brop-col + (W1/2)]/COS(Bcs) - (€ + by)

Length from WP to Top Edge of Beam along WL
Lot = (Dpt-DNpt/2)/SIN(Bcs)

Length from Edge of Beam to Tip of CB along WL
Liot = [Drop-am + (Wi/2)]/SIN(Bcs) - (€ + by)

Controling Length is MAX(Lct+Lyct , Lot+Lipt)

Example Mark #:

Page 76 of 91

2901
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ISSUED PERMIT

Building
ine

Fire

ﬁﬂworks

Traffic

DNp:
twbt
th:
be,:
Kges:
Ocs:
Burm:
Brop-gm:
Brop-col:
Extg:

Extc:

7.50 in2

43 ksi

1.12
1.29

1.00

465.9 kip
416.0 kip

8.88in
0.50 in
23.60 in
23.60 in
0.40 in
0.51in
7.01in
1.011in
0.959 rad
0.612 rad
2.051in
2.00in
1.00 in
1.00 in
1.00 in
1.26 in
1.63 in
70 ksi
36 ksi
58 ksi
50 ksi
65 ksi

1.00

0.44in
8.321in
14.42 in
5.05in

19.46 in

(4839 mm?2)

(296 MPa)

(2073 kN)
(1851 kN)

(225 mm)
(13 mm)
(599 mm)
(599 mm)
(10 mm)
(13 mm)
(178 mm)
(26 mm)
54.9°
35.1°
(52 mm)
(51 mm)
(25 mm)
(25 mm)
(25 mm)
(32 mm)
(41 mm)
(483 MPa)
(248 MPa)
(400 MPa)
(345 MPa)

(448 MPa)

(11 mm)
(211 mm)
(366 mm)
(128 mm)

(494 mm)



Length from Square Projection to Edge of Gusset (CB Lap on Gusset) et mCeing Esﬂgﬂp semvices Lg: 15.25in (387 mm)
i ISSUED PERMng
Horizontal Distance from Column to WP (D4/2) Blildig e 0.25in (6 mm)
Engineering || Public Works
Vertical Distance from Beam to WP [Dp-(DNpy/2)] Fire Traffic €p: 11.80in (300 mm)
Minimum Weld on Column from Geometry
Lwe min = (Lge + Lg)*SIN(Bcg) + (W/2 + Extc)*COS(Bcs) - € Luve_mint 19.74in (501 mm)
Minimum Weld on Beam from Geometry
Lub min = (Lt + Lg)*COS(Bcp) + (Wi/2 + Extg)*SIN(Bcg) - ec Lub min: 24.14in (613 mm)
Dist from Face of Col Fl to Centriod of Gusset-to-Beam Connection (UFM)
Qmin = Lwb_min/2 i 12.07 in (307 mm)
Olhang = Hand Input Value to Force Oland 12.07 in (307 mm)
If Hand Input Value is Different from oy, use Hand Input Value Olmin® 12.07 in (307 mm)
Dist from Face of Beam Fl to Centriod of Gusset-to-Column Connection (UFM)
B'min = Lwc min/2 B'min 9.87in (251 mm)
Bhana = Hand Input Value to Force Brand 9.87in (251 mm)
If Hand Input Value is Different from B, use Hand Input Value Brmin: 9.87in (251 mm)
6.2.0 WHITMORE CAPACITY CHECK
LRFD Resistance Factor Ow: 0.90
Thickness of Repad Plate for Design: t,. 0.00 in (0 mm)
Whitmore Angle BOwhtm: 30.0° 0.524 rad
Total Length Between Outer Bolt Holes Lg, = L, - 2e Lg: 12.00 in (305 mm)
Whitmore Width W,, = 2'Lg, TAN(Bypntm) + (W, - 2°€) Wiy 19.48 in (495 mm)
Whitmore Area A, = Wy'tq Ay = 19.48 in2 (12569 mm?2)
Whitmore Capacity ¢R,w = dw'Aw'Fyq | ORn-w: 876.7 kip | (3900 kN)

Whitmore Stress Ratio

DCRy = Py/0Ryw | DCRw: 0.47 |
6.3.0 GUSSET BUCKLING CHECKS
LRFD Resistance Factor Bgp: 0.90
Modulus of Elasticity E: 29000 ksi (199955 MPa)
Buckling Length Ly: 6.67 in (169 mm)
Conservative Since Based on Edges of Lug Rather than Edges of Whitmore Section
Radius of Gyration of Gusset r, = V/(t,2/12) rg: 0.29in (7 mm)
Effective Length Factor Kehev: 0.65
Elastic Buckling Stress  F = n2'E/(KeqerL1/Fa)? Fe 1267.9kip (5640 kN)
Critical Euler Buckling Stress  F., = IF(F,/F.<2.25, (0.658"F,/F)F,, 0.877F,) Fer 49.2 kip (219 kN)
Gusset Buckling Capacity ¢R;.gp = ¢gp"Fer'Aw | ORgp: 862.3 kip |(3836 kN)

Gusset Buckling Demand Capacity Ratio
DCRgb = PUJ¢Rn-gb I DCRgb: 0.54 I
Provide Stiffener if DCR ,, >1 .0
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6.4.0 BEAM SHEAR AND CHEVRON EFFECTS CHECKS

6.4.0 General
Maximum Unbalanced Vert Shear in Connection Region: V, = (Pyc - Pyt)'SIN(Bcs) Vip: 40.9 kip (182 kN)
Maximum Horizontal Shear in Connection Region: H,p, = (Py + Pyc)'COS(O¢g) Hyp: 506.7 kip (2254 kN)
LRFD Resistance Factor Opy: 1.00

Gusset and Opposing Brace Conditions
Opposing Gusset Case: OGC: No
"Yes" - There is a gusset plate directly below this plate.
"No" - There is not a gusset plate directly below this plate.

Hy,06c: (For Equal Braces Above, Equal to H ,5) Huyb,06c: 0.0 kip (0 kN)
Apportionment Factor: docc = Hub,osc/Hup +1 doge: 1.0
Moment on Beam: My, = Hyp ey Myp: 5979 kip-in (675525 kN-mm)
Beam Web Shear Capacity: ¢V, = ¢py"0.6"Fypm tun'Dp [\ 201.4 kip (896 kN)
City of Puyallup
Development & Permitting Services
Effective Beam Web Shear Capacity: Vi er = 0Vo/bosc ""|SSUED PERMIT T Voot 201.4 kip (896 kN)
Building Pla
Actual Gusset Length  Lg.act = 4" atmin Enaitecilin, || Bubligarks Lg-act: 48.3in (1227 mm)
Fire Traffic
Min Weld Size for Gusset Du-min- 5 (16ths) (8 mm)

If: t; < 0.50", Dy-min = 3/16"
0.50" < tg < 0.75", Dy-min = 1/4"
ty > 0.75", Dy-min = 5/16"
Weld Size to Develop Gusset: Dy,_max= 0.6-tg-Fug/(0.6-\/2/2-FExx/16-2) Dy-max: 10.5 (16ths) (17 mm)

6.4.1 Uniform Stress Method (USM): Chevron Effects Method with Distributed Load Over Each Gusset Half

Shear Demand Based on Chevron Effect: V,.ce = 2"Myp/Lg-act Vi-ce: 247.6 kip (1102 kN)
Min Length for No Reinforcement: L = 2-My/¢V, Leg-usm: 59.4in (1509 mm)
Applicability of Standard Chevron Effect Method w/out Reinforcement: Lcg/Lg-act < 1.0 Lee-usm/Lg-act: 1.23 Use CSM

Use of USM wyout Reinforcing with Doubler Plate when L ce.ysm/L g-ac < 1.0
Use USM with Reinforcing with Doubler Plate: L ceysm/L g.ac > 1.0 & L cecsm/L goe > 1.0
Use CSM Otherwise

Doubler Plate Requirements (where needed for USM)

Shear Stress to be Taken by Doubler PL:  Vgp = Vi.ce - 9V, 2 0 Vpi: 46.3 kip (206 kN)
Doubler Plate Height: hobirnom = 1 x Beam Depth Hap: - -
Calculated Thickness of Doubler Plate:  tqp = Vepi/[$v' 0.6 Fyam’ (Hap/Pocc)] tapi: - -
Doubler Plate Actual Thickness: tophact: - -
Length of Doubler Plate to Develop Shear: L.y = (1-9Vio/Vi-ce)'Lg-act Lapl-v: - -
Doubler Plate Weld Size: Dpi: - -

A larger weld may be specified if needed to meet minimums.

Length of Doubler Plate to Develop Force: Lapr-e: - -
Lap-F = 2-Vapi/[$w’0.6"Fex0.7071°Dyp/ 16 (2LineS)/ogcl
Doubler shear must be developed over half of doubler length. Considers only top and bottom welds.

Doubler Plate Actual Length: Lp.acc = ROUNDUP(MAX(Lgpi-v, Lapi),0) | Lopact! - | -

Checks to Develop Beam Shear Capacity over 1/2 Gusset Length (as Point Load)
Web Local Yielding Check (AISC J10.2)

LRFD Resistance Factor Ouiy: 1.00

¢Rn,wlv = ‘bwlv'(s'kdes + Lact/z)'twb'FvBm ¢Rn,w\v: 415.1 kip (1847 kN)
Ignore doubler (where occurs).

Ruwly = Vu-ce Ry, wiy: 247.6 kip (1102 kN)

DCRwa =Ru,wly/(I)Rn,wa I DCRW\Y: - I

Provide Stiffener if DCR > 1.0
Web Local Crippling Check (AISC J10.3)

LRFD Resistance Factor Duic: 0.75

Page 78 of 91



PR wic = Duic’0.80°tp2[1+3°(0.5" Lg-act/Dp)* (tun/t) " *1 VI(E* Fyam " tan/twn) ORA wict 337.8 kip

Ignore doubler (where occurs).

Ru,wlc = Vuce City of Puyallup Ru,w\c: 247.6 kip
Development & Permitting Services
ISSUED PERMIT
DCRyc = Ru,wlc/¢Rn,wlc Building I DCRy;c! - I
Provide Stiffener if DCR > 1.0 Engineering || Public Works
Fire Traffic
Shear Capacity to be Taken by Stiffener (If Required) Viifr-usm: -

Vsitrusm = Max[$Ry wiy(DCRyiy-1), R wic( DCRyi-1)] 2 0
Applicable when [Leg.usm/La-act < 1.0] 0 [Legysw/Laace > 1.0 and Legcsw/Loace > 1.0]

Required Stiffener Area  Ag.ysm = (Vsttr-usm/2)/(®ov" Fyem) Ast-usm -
Required Stiffener Thickness  tsusm = Astusm/[(Pro - twn)/2 = IF(hpbirnom <1, tapracts 0)] tusm -

Required Gusset Weld Size for USM

Vertical Load from Tension and Compression Braces

Vusm = Vun/Lg,act + Vu,ce/ (Lo ac/2) Viysu: 11.10 k/in
Note that V.ce/(Lo-ac/2) 15 the add'l load from the force couple and exists on both halfs fo the gussset.

Horzontal Load from Tension and Compression Braces

Husm = Hup/Lo.act Huysm: 10.49 k/in
Resultant Load on Weld: Rysy = V(Vysm? + Hysm2) Rysm: 15.28 k/in
Angle of Resultant Demand on Beam

Br = TAN"(Vysm/Husm) B! 0.814 rad
Weld Capacity Increase Factor for Angle at Beam

Cor = 1+0.5[SIN(BR)T*® Cer: 1.310
Req'd Size of Weld at Beam: Dyeqysm=Rusw/[(2Lines)0.75°0.6*(1 in) Fexx V2/2 Cer/16] Dreq-usm 4.19 (16ths)
Weld Size at Gusset to Beam: ROUNDUP(MAX(D:eq.usmsDw-min),0) | Dysm: 5 (16ths) |

6.4.2 Concentrated Stress Method (CSM): Chevron Effects Method with Concnetrated Stress at Gusset Edges over Length 'z’

Min Length for Concentrated Stress Method: Lee-csm: 45.8 in
LCE-CSM = Mub/(¢vn,eff - 0-5Vub) + (¢Vn,eff - O-SVub)/[‘bbv'MIN(FvBm'twbr qu'tq)]

Applicability of Alt Method: Lce.csm/Lg-act < 1.0 Lee-com/Lg-act: 0.95
Length of Dist Load on Bm at End of Gusset:
7' =Ly a/2 - \/[Lq—actz/4 = Mub/(dpv MIN(F 5 twsr Fygtg))] z" 11.40 in
Rounded value of Z' z: 11.50 in

Note 1: When L cecom/L g.a¢ > 1, CSM is not valid.
Note 2: When L ce.com/L gae < 1.0 & L ceysm/L gaee > 1.0, CSM is valid, but USM will be used (CSM values shown for Reference).

Checks to Develop Beam Shear Capacity over z-Region (as Point Load):
Web Local Yielding Check (AISC J10.2)

¢Rn,wlv,z = q)wlv'(slkdes + Z)'twb'FvBm ¢Rn,wlv,z: 235.3 kip
Ru,wly,z = Mub/('—q-act - Z) Rn,w\u,z: 162.5 kip
DCRyiy,z = Ru,wly, 2/ ORn wiy,z | DCRy:: 0.69 ]

Provide Stiffener if DCR > 1.0

Web Local Crippling Check (AISC J10.3)

ORauicz = Oc0-80"tus2[1+3°(2/Dp) (tws/t) "] V(E Fypm t/tus) ORoic 217.5 kip
Ruwicz = Mub/(Lg-act — 2) Ru,wic,z+ 162.5 kip
DCRwIc,z = Ru,wlc,Jd’Rn,wlc,z I DCRw\c,z: 0.75 I

Provide Stiffener if DCR > 1.0

Shear Capacity to be Taken by Stiffener (If Required) Vstiff-csm.2: 0.0 kip
Vstiff-CSM,z = MAX[¢Rn,wa,z(DCRwa,z_ 1)I¢RH,W|C,Z(DCRW|C,Z_ 1),0]
Applicable only if Lce.ysu/Lgac > 1.0 and Leg.csu/Lgact < 1.0
Otherwise, Vgigr.csmz = 0

Required Stiffener Area at z-Region A, = (Vstifr-com.2/ 2)/($bby’ Fyam) Ag 2 -

Required Stiffener Thickness at z-Region ty, = Ago/[(br — twb)/2] terzt -
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Checks to Develop Beam Shear Capacity at Central Region (as Point Load):
Web Local Yielding Check (AISC J10.2)

Ry, cntr = Puty’[5"Kdes + (Lo-act = 2°2)]tu Fyam Devempmceizg Eeuﬁmz Services ORn,wiy,cntr! 431.4 kip (1920 kN)
ISSUED PERMIT
Ry, wiy,cntr = Vup B0 L Ry, wiy,cntr? 40.9 kip (182 kN)
Engineering || Public Works
DCRwly,cmtr = Ru,wly,cntr/q)Rn,wly,cntr Fire raffic I DCRw\y,cntr: 0.09 I
Provide Stiffener if DCR > 1.0
Web Local Crippling Check (AISC 110.3)
¢Rn,wlc,cntr = ¢W|c.0-80'twb2[1+3-((Lq-act - 2-Z)/Db)-(twb/tfb)lls]-\/(E-Fme'tfb/twb) ¢Rn,wlc,cntr: 348.7 kip (1551 kN)
Ru,wlc,cntr =V Ru,wlc,cntr: 40.9 kip (182 kN)
DCRwIc,cntr = Ru,wlc,cntr/d)Rn,wlc,cntr I DCRwIc,cntr: 0.12 I
Provide Stiffener if DCR > 1.0
Shear Capacity to be Taken by Stiffener (If Required) Vstifr-CsM,cntr 0.0 kip (0 kN)
Vstiff-CSM,cntr = MAX[¢Rn,WIV(DCRwa - 1)r ¢Rn,wlc(DCRwlc - 1)10]
Applicable only if Lce.ysw/Lgact > 1.0 and Leg-csm/Lg-act < 1.0
Otherwise , Vsitr-csmanir = 0
ReqUired Stiffener Area at Center Ast,cntr = (Vstiff—CSM,cntr/Z)/(q)bv'FvBm) Ast,cntr: - -
Required Stiffener Thickness at Center te.cntr = Ast.cnte/[(Pro — tun)/2] tet.cntrt - -
Required Weld Size for CSM
Uniformly Distributed Horizontal Load On Gusset: Hgysset = Hub/Lg-act Hausset: 10.49 k/in (1.84 kN/mm)
Required Beam Weld in z-Region
Vertical Load from Unbalanced Moment Resolved in z-Region
V2= Mu/((Lgact-2)Z) Vi 14.22 k/in (2.49 kN/mm)
Resultant Load on Weld: R, = V(V,2 +Hgusset?) R, 17.67 k/in (3.09 kN/mm)
Angle of Resultant Demand on Beam
B = TANY(V,/Hqusset) Br: 0.935 rad 53.6°
Weld Capacity Increase Factor for Angle at Beam
Cer = 1+0.5[SIN(B,,)]** Cer: 1.361
Size of Weld at z-Region
Dreq=R/[(2Lines)*0.75°0.6° (1in)" Fexx' V'2/2Cor/ 16] Dreqz: 4.66 (16ths) (8 mm)
Weld Size at Gusset to Beam in z-Region: ROUNDUP(MAX(Dieq-csm, 2 Dw-min),0) | Dcsm-z: 5 (16ths) | (8 mm)
Required Beam Weld Center Region
Vertical Load from Tension and Compression Braces
Vcntr=Vub/(|—g—ac!_2'Z') Ventr: 1.60 k/in (028 kN/mm)
Resultant Load on Weld: Rey 1 = V(Verr? + Hausset?) Rentr: 10.61 k/in (1.86 kN/mm)
Angle of Resultant Demand on Beam
B = TAN™(Venr/Hgusset) k! 0.152 rad 8.7°
Weld Capacity Increase Factor for Angle at Beam
Cor = 1+0.5[SIN(B,,)1** Cor: 1.029
Size of Weld at Cntr Region: D,eq=Reny/[(2Lines) 0.75 0.6 (1in)" FexxV2/2* Cor/16] Dreg-cntr: 3.70 (16ths) (6 mm)
Weld Size at Gusset to Beam in Cntr Region: ROUNDUP(MAX(D;eq-csm,cntrs Dw-min):0) | Dcsm-cntr: 4 (16ths) | (7 mm)
6.4.3 Summary
Lee-usw/Lg-act = 1.23
Results: CSM is Used; Doubler Plate is NOT Required
LCE-CSM/ Lq-act = 0.95

Design with Uniform Stress Method (USM)
Applicable when [Lce.ysw/Lg.act < 11 0r [Leeusm/Loact > 1 & Leecsm/Lgact > 11

Result: N/A

Doubler Plate will be used if Lee.ysm/Lg-ace>1 and Lee-com/Lg-act™>1 Result: N/A

If Reinforcing, Doubler Plate Actual Thickness Equal to: tapl-act: - -
If Reinforcing, Doubler Plate Actual Length Equal to: Lapl-act: - -
If Reinforcing, Min Doubler Plate Weld Size Equal to: Dgpi: - -
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Stiffener will be used if Vr.ysm > 0 Result: N/A

If Reinforcing, Min Stiffener Plate Thickness Equal to: tet,usm: - -

If USM is used, Weld Size at Gusset to Beam: Dysm: - -
Design with Concentrated Stress Method (CSM) Result: APPLY

Applicable when [Lceysw/Laact > 1 and Leg.csw/La-act S 1] Doubler Plate is NOT Required
If CSM is used, Length of z-Region Equal to: z: 11.50 in (293 mm)
Stiffener will be used at z-Region if Vr.com, > 0 Result: No Stiffener Plate Req'd at z-Region

If Reinforcing, Required Stiffener Thickness at z-Region: tetzt - -
Stiffener will be used at Center if Vgigtcom,cntr > 0 Result: No Stiffener Plate Req'd at Center

If Reinforcing, Required Stiffener Thickness at Center: tet cntr: - -
If CSM is used, Weld Size at Gusset to Beam in z-Region: Desm 2 5 (16ths) (8 mm)
If CSM is used, Weld Size at Gusset to Beam in Center Region: Desm,cntr 4 (16ths) (7 mm)

If weld sizes in z-region and center-regions are nearly the same size, the larger size may be used over the entire region.

ALL OTHER CHECKS OK BY COMPARISON TO CONNECTION AT OPPOSITE END OF BRACE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fire Traffic
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/7 COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Building Iﬂning
Engineering Public Works
Fire Traffic

CHEVRON BEAM TOP CONNECTION

Specimen ID and Location

Section 6.0 Design Criteria

EOR-ID Line Grids Lvis Mark Qty| Asc | Fymax 8 © F Puc | Pur| WL | Det | Dot | DNt | twn t by, Kdes E 6ce | Burm | Ptop-sm | Prop-cor] Exts Extc t b, e Fexx | Fyem | Fuem| Fyg | Fug | Me
# # # # # 1 in2 | ksi kip | kip in in in in in in in in ksi rad | rad in in in in in in in ksi ksi | ksi | ksi | ksi

BRB7.5 2 G-G.5 1 2901 1 750 43 [1.12[(1.29[1.00| 466 [ 416 | 8.88 | 0.5 | 23.6| 23.60 | 0.40 | 0.51 7.01 1.01 29000 | 0.96| 0.61 | 2.05 2.00 1.00 1.00 | 1.00 | 1.26 [1.625[ 70 36 58 50 65 | 1.00
BRB7.5 2 G.5-H 1 2901 1 750 43 [1.12[(1.29[1.00| 466 [ 416 | 8.88 | 0.5 | 23.6| 23.60 | 0.40 | 0.51 7.01 1.01 29000 | 0.96 | 0.61 [ 2.01 2.00 1.00 1.00 | 1.00 | 1.26 [1.625[ 70 36 58 50 65 | 1.00
BRB2.25 6 D-D.5 2 2902 1 225| 43 [112[1.35[1.00| 146 [ 131 | 7.38 | 0.5 |20.7] 20.70 | 0.35 | 0.45 6.50 0.95 29000 | 0.96| 0.61 | 2.29 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.25 6 D.5-E 2 2902 1 225| 43 [112[1.35[1.00 146 [ 131 | 7.38 | 0.5 |20.7] 20.70 | 0.35 | 0.45 6.50 0.95 29000 | 0.96| 0.61 | 2.30 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.25 6 G-G.5 2 2903 1 225| 43 [112[1.35[1.00 146 [ 131 | 7.38 | 0.5 |20.7] 20.70 | 0.35 | 0.45 6.50 0.95 29000 | 0.96| 0.61 | 242 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.25 6 G.5-H 2 2903 1 225| 43 [112[1.35[1.00| 146 [ 131 | 7.38 | 0.5 |20.7] 20.70 | 0.35 | 0.45 6.50 0.95 29000 | 0.96| 0.61 | 242 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB3.0 8 G-G.5 1 2904 1 3.00| 43 [117[1.21[1.00| 183 [ 156 | 7.38 | 0.5 | 17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 3.04 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB3.0 8 G.5-H 1 2904 1 3.00| 43 [117[1.21[1.00| 183 [156| 7.38 | 0.5 | 17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 2.77 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 8 H-H.5 2 2905 1 200| 43 [1.13[1.35[1.00f 131 [ 116 7.13 | 0.5 |20.7] 20.70| 0.35 | 0.45 6.50 0.95 29000 | 0.96 | 0.62 | 2.80 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 8 H.5-J 2 2905 1 200| 43 [1.13[1.35[1.00f 131 [ 116 7.13 | 0.5 |20.7] 20.70| 0.35 | 0.45 6.50 0.95 29000 | 0.96| 0.62 | 2.79 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.75 10 G-G.5 1 2906 1 275| 43 [112[1.34[1.00| 177 [ 158 | 7.38 | 0.5 | 17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 2.36 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.75 10 G.5-H 1 2906 1 275| 43 [112[1.34[1.00| 177 [ 158 | 7.38 | 0.5 | 17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 2.18 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.75 11 D-D.5 2 2907 1 275| 43 [1.14[1.36[1.00| 183 [ 161 | 7.38 | 0.5 | 26.9]| 26.90| 0.49 | 0.75 10.00 1.34 29000 | 0.93] 0.64 [ 2.61 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.75 11 D.5-E 2 2907 1 275| 43 [1.14[1.36[1.00| 183 [ 161 | 7.38 | 0.5 | 26.9]| 26.90| 0.49 | 0.75 10.00 1.34 29000 | 0.93] 0.64 [ 2.51 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 13 C-C.5 1 2908 1 200| 43 [112[1.34[1.00 129 [115]| 713 | 0.5 |17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 2.57 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 13 C.5-D 1 2908 1 200| 43 [1.12[1.34[1.00 129 [115]| 713 | 0.5 |17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 2.57 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 13 H-H.5 1 2909 1 200| 43 [1.12[1.34[1.00 129 [115]| 713 | 0.5 |17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 2.44 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 13 H.5-J 1 2909 1 200| 43 [112[1.34[1.00 129 [115]| 713 | 0.5 |17.7]17.70| 0.30 | 0.43 6.00 0.83 29000 1.00 | 0.57 | 2.44 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.75 15 H-H.5 2 2910 1 275| 43 [1.14[1.36[1.00| 183 [ 161 | 7.38 | 0.5 | 26.9]| 26.90| 0.49 | 0.75 10.00 1.34 29000 | 0.93| 064 | 2.64 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.75 15 H.5-J 2 2910 1 275| 43 [1.14[1.36[1.00| 183 [ 161 | 7.38 | 0.5 | 26.9]| 26.90| 0.49 | 0.75 10.00 1.34 29000 | 0.93| 0.64 | 2.47 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 D 3-3.5 2 2911 1 200| 43 [1.13[1.35[1.00f 131 [ 116 7.13 | 0.5 |20.7] 20.70| 0.35 | 0.45 6.50 0.95 29000 | 0.95| 0.62 | 2.52 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 D 3.5-4 2 2911 1 200| 43 [1.13[1.35[1.00 131 [ 116 7.13 | 0.5 |20.7] 20.70| 0.35 | 0.45 6.50 0.95 29000 | 0.95| 062 | 2.84 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB3.0 D 10-10.5 2 2912 1 3.00| 43 [1.18[1.26[1.00| 192 [ 163 | 7.38 | 0.5 |21.0] 21.00 | 0.40 | 0.62 8.24 1.12 29000 | 0.84| 0.73| 2.78 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 50 65 50 65 | 1.00
BRB3.0 D 10.5-11 2 2912 1 3.00| 43 [1.18[1.26[1.00| 192 [ 163 | 7.38 | 0.5 |21.0] 21.00 | 0.40 | 0.62 8.24 1.12 29000 | 0.84| 0.73 | 2.38 2.00 1.00 1.00 | 1.00 | 0.96 [1.625[ 70 50 65 50 65 | 1.00
BRB6.0 D 10-10.5 1 2913 1 6.00| 43 [1.18[1.28[1.00| 390 [330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 ] 0.70 [ 2.71 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 D 10.5-11 1 2913 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 2.70 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 D 15-15.5 1 2914 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 242 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 D 15.5-16 1 2914 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 242 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 H 9-9.5 1 2915 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 2.92 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 H 9.5-10 1 2915 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 2.62 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 H 10-10.5 2 2916 1 200| 43 [1.13[1.35[1.00 131 [ 116 7.13 | 0.5 |20.7] 20.70| 0.35 | 0.45 6.50 0.95 29000 | 0.85| 0.72 | 2.68 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 H 10.5-11 2 2916 1 200| 43 [1.13[1.35[1.00 131 [ 116 7.13 | 0.5 |20.7] 20.70| 0.35 | 0.45 6.50 0.95 29000 | 0.85| 0.72 | 2.22 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 H 10-10.5 1 2917 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 2.35 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 H 10.5-11 1 2917 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 2.34 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB2.0 H 15-15.5 2 2918 1 200| 43 [1.13[1.36[1.00 132 [ 117]| 7.13 | 0.5 |21.0] 21.00| 0.40 | 0.62 8.24 1.12 29000 | 0.84| 0.73 | 2.55 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 50 65 50 65 | 1.00
BRB2.0 H 15.5-16 2 2918 1 200| 43 [1.13[1.36[1.00 132 [117]| 7.13 | 0.5 |21.0] 21.00| 0.40 | 0.62 8.24 1.12 29000 | 0.84] 0.73| 3.10 2.00 1.00 1.00 | 1.00 | 0.91 [1.625[ 70 50 65 50 65 | 1.00
BRB6.0 H 15-15.5 1 2919 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]| 26.70 | 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 2.43 2.00 1.00 1.00 | 1.00 | 1.02 [1.625[ 70 36 58 50 65 | 1.00
BRB6.0 H 15.5-16 1 2919 1 6.00| 43 [1.18[1.28[1.00| 390 [ 330| 7.63 | 0.5 |26.7]|26.70| 0.46 | 0.64 10.00 1.24 29000 | 0.87 | 0.70 | 2.36 2.00 1.00 1.00 | 1.00 | 1.02 [1.625] 70 36 58 50 65 | 1.00
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Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building Iﬂning
Engineering Public Works
Fire Traffic

CHEVRON BEAM TOP CONNECTION

Specimen ID and Location

Section 6.1.0 Geometry Calculations

Section 6.2.0 Whitmore Capacity Check

Section 6.3.0 Gusset Buckling Checks

EOR-ID Line Grids Lvis Mark Qty Lct L1cl Lbl L1bt Ltt Lg €c €p |-wc,min wa,min Amin pmin tr eWhlm I-Br WW AW ¢Rn-w Eux d) I-1 rg K Fe Fcr ¢Rn-gb Em;

# # # # # | in in in in in in in in in in in in Pw in | deg | in in in? kip [dRaw| & | in | in | "] ksi ksi kip | ®Rngo
BRB7.5 2 G-G5 1 2901 1 | 0.44 | 832 [14.42[ 5.05 [ 19.46 [15.25{ 0.25 | 11.80 | 19.7 | 241 | 121 | 99 | 09 | 0.00 | 30.0 [ 12.00| 19.48| 1948 | 877 | 047 | 0.90 | 6.67 | 0.29[ 0.65| 1267.9 | 49.2 | 8623 | 0.54
BRB7.5 2 G.5-H 1 2901 1 | 0.44 | 832 [14.42] 5.00 [ 19.41 [15.25{ 025 11.80 | 19.7 | 241 | 121 | 98 | 0.9 | 0.00 | 30.0 [ 12.00| 19.48]| 1948 | 877 | 047 | 0.90 | 6.62]0.29[ 0.65| 12881 | 49.2 | 8625 | 0.54
BRB2.25 6 D-D.5 2 2902 1 | 044 7.38 [12.61] 469 [ 17.30 [ 825 [025| 1035 | 133 | 182 | 91 | 6.7 | 09 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.29 | 0.90 | 6.32]|0.29[0.65| 14142 | 493 | 4389 | 0.33
BRB2.25 6 D.5-E 2 2902 1 | 0.44 | 7.38 [12.60] 4.70 [ 17.30 [ 825 [ 0.25| 1035 | 133 | 182 | 91 | 6.7 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.29 | 0.90 | 6.33]|0.29[0.65| 14109 | 493 | 4389 | 0.33
BRB2.25 6 G-G5 2 2903 1 | 044 7.37 [12.63] 4.86 [ 17.49[ 825 [ 025| 1035 | 135 | 183 | 91 | 6.7 | 09 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.29 | 0.90 | 6.49]0.29[0.65| 1341.0 | 49.2 | 4385 | 0.33
BRB2.25 6 G.5-H 2 2903 1 | 044 7.37 [12.63] 4.86 [ 17.49[ 825 [ 025| 1035 | 135 | 183 | 91 | 6.7 | 09 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.29 | 0.90 | 6.49]0.29[0.65| 1341.0 | 49.2 | 4385 | 0.33
BRB3.0 8 G-G5 1 2904 1 | 0.47 | 8.00 [10.49] 539 [ 15.88 825 [ 0.25| 8.85 140 | 16.7 | 83 | 7.0 | 0.9 | 0.00 | 30.0 | 500 | 9.90 | 9.90 | 445 | 0.35 | 0.90 | 7.01| 0.29] 0.65| 1147.8 [ 49.1 | 4374 | 0.42
BRB3.0 8 G.5-H 1 2904 1 | 0.46 | 7.98 [10.50] 5.07 [ 1556 | 8.25 [ 0.25| 8.85 137 | 165 | 83 | 6.9 | 0.9 | 0.00 | 30.0 | 500 | 9.90 | 9.90 | 445 | 0.35 | 0.90 | 6.69| 0.29] 0.65| 1260.5 | 49.2 | 438.1 | 0.42
BRB2.0 8 H-H.5 2 2905 1 | 043|710 [12.70[ 527 [17.97 [ 825 [ 025 10.35 | 13.7 | 186 | 93 | 658 | 0.9 | 0.00 | 30.0 | 5.00 | 965 | 965 | 434 | 0.27 | 0.90 | 6.90| 0.29] 0.65| 1187.3| 49.1 | 4266 | 0.31
BRB2.0 8 H.5-J 2 2905 1 | 043|710 [12.70] 526 [ 17.97 [ 825 [ 025 10.35 | 13.7 | 186 | 93 | 658 | 0.9 | 0.00 | 30.0 | 5.00 | 965 | 965 | 434 | 0.27 | 0.90 | 6.89] 0.29] 0.65| 1189.9 | 49.1 | 4266 | 0.31
BRB2.75 | 10 G-G5 1 2906 1 | 0.46 | 7.98 [10.50] 458 [ 15.08 825 [ 0.25| 8.85 133 [ 163 | 81 | 6.7 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 9.90 | 445 | 0.36 | 0.90 | 6.21| 0.29] 0.65| 1465.2 | 49.3 | 439.1 | 0.40
BRB2.75 | 10 G.5-H 1 2906 1 | 0.46 | 7.97 [10.50] 437 [ 14.87 [ 825 [ 025| 8.85 132 | 162 | 81 | 66 | 0.9 | 0.00 | 30.0 | 500 | 9.90 | 9.90 | 445 | 0.36 | 0.90 | 5.99| 0.29] 0.65| 1571.6 | 49.3 | 439.5 | 0.40
BRB2.75 | 11 D-D.5 2 2907 1 | 0.42]6.91[16.75] 5.25 [ 22.00 [ 825 [ 0.25| 1345 | 136 | 21.6 | 10.8 | 6.8 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.36 | 0.90 | 6.87 ] 0.29[0.65| 11951 | 49.1 | 437.7 | 042
BRB2.75 | 11 D.5-E 2 2907 1 | 0.42]6.91[16.83] 5.16 [ 22.00 | 825 [ 0.25| 1345 | 13.6 | 21.6 | 10.8 | 6.8 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.36 | 0.90 | 6.79]| 0.29[ 0.65| 1224.8 | 492 | 4379 | 042
BRB2.0 13 Cc-C5 1 2908 1 | 046 7.78 [10.51] 4.74 [ 1525 825 [ 0.25| 8.85 134 | 163 | 81 | 6.7 | 0.9 | 0.00 | 30.0 | 500 | 9.65 | 9.65 | 434 | 0.27 | 0.90 | 6.37| 0.29] 0.65| 1391.6 | 49.3 | 427.7 | 0.30
BRB2.0 13 C.5D 1 2908 1 | 046 7.78 [10.51] 4.74 [ 1525 825 | 0.25| 8.85 134 | 163 | 81 | 6.7 | 0.9 | 0.00 | 30.0 | 500 | 9.65 | 9.65 | 434 | 027 | 0.90 | 6.37| 0.29]| 0.65| 1391.6 | 49.3 | 427.7 | 0.30
BRB2.0 13 H-H.5 1 2909 1 | 0.46 | 7.80 [10.50] 4.58 | 15.08 | 8.25 [ 0.25 | 8.85 133 | 16.2 | 81 | 66 | 0.9 | 0.00 | 30.0 | 500 | 9.65 | 9.65 | 434 | 027 | 0.90 | 6.21]| 0.29]| 0.65 | 1465.2 | 49.3 | 428.0 | 0.30
BRB2.0 13 H.5-J 1 2909 1 | 0.46 | 7.80 [10.50] 4.58 | 15.08 | 8.25 | 0.25 | 8.85 133 | 162 | 81 | 66 | 0.9 | 0.00 | 30.0 | 500 | 9.65 | 9.65 | 434 | 027 | 0.90 | 6.21]| 0.29]| 0.65 | 1465.2 | 49.3 | 428.0 | 0.30
BRB2.75 | 15 H-H.5 2 2910 1 | 042 6.91 [16.72] 5.28 [ 22.00 | 825 [ 0.25| 13.45 | 13.6 | 21.6 | 10.8 | 6.8 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.36 | 0.90 | 6.90| 0.29 | 0.65| 11845 | 49.1 | 437.6 | 042
BRB2.75 | 15 H.5-J 2 2910 1 | 042 6.91 [16.86] 5.13 [ 22.00 | 825 [ 0.25| 1345 | 13.6 | 21.6 | 10.8 | 6.8 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.36 | 0.90 | 6.76| 0.29| 0.65| 1236.4 | 49.2 | 438.0 | 042
BRB2.0 D 335 2 2911 1 | 0.43] 6.98 [12.88] 5.04 [ 17.92] 825 [ 025| 10.35 | 135 | 188 | 94 | 68 | 0.9 | 0.00 | 30.0 | 5.00 | 965 | 965 | 434 | 027 | 0.90 | 6.66] 0.29] 0.65 | 1271.7 | 49.2 | 4271 | 0.31
BRB2.0 D 3.54 2 2911 1 | 0.43] 6.98 [12.64] 528 [ 17.92] 825 [ 025| 10.35 | 135 | 188 | 94 | 658 | 0.9 | 0.00 | 30.0 | 5.00 | 965 | 965 | 434 | 027 | 0.90 | 6.91]|0.29] 0.65| 1183.0 | 49.1 | 4266 | 0.31
BRB3.0 D 10-10.5 2 2912 1 | 0.37 | 5.94 [13.90] 5.98 [ 19.88 8.25 [ 0.25| 1050 | 13.6 | 22.0 | 11.0 | 6.8 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.36 | 0.90 | 7.60| 0.29[ 0.65| 976.7 | 48.9 | 436.0 | 044
BRB3.0 D 10.5-11 2 2912 1 | 0.37 | 5.94 [14.30] 567 | 19.97 | 825 [ 0.25| 1050 | 13.7 | 221 | 11.0 | 6.8 | 0.9 | 0.00 | 30.0 | 5.00 | 9.90 | 990 | 445 | 0.36 | 0.90 | 7.30| 0.29 [ 0.65 | 1060.4 | 49.0 | 436.7 | 044
BRB6.0 D 10-10.5 1 2913 1 | 0.39 ] 6.38 [17.50] 5.91 | 23.41 [15.25{ 0.25 | 13.35 | 19.3 | 28.3 | 142 | 9.7 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.53| 0.29 0.65| 994.7 | 49.0 | 803.3 | 0.49
BRB6.0 D 10.5-11 1 2913 1 | 0.39 ] 6.38 [17.51 5.90 | 23.41 [15.25{ 0.25 | 13.35 | 19.3 | 28.3 | 142 | 9.7 | 09 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.52| 0.29[ 0.65| 997.3 | 49.0 | 803.4 | 049
BRB6.0 D 15-15.5 1 2914 1 | 0.39 ] 6.37 [17.47] 552 [ 22.99 [15.25{ 0.25 | 13.35 | 19.0 | 281 | 14.0 | 95 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.14| 0.29[ 0.65| 1106.4 | 49.1 | 805.0 | 048
BRB6.0 D 15.5-16 1 2914 1 | 0.39 | 6.37 [17.47] 552 [ 22.99 [15.25{ 0.25 | 13.35 | 19.0 | 281 | 14.0 | 95 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.14| 0.29[ 0.65| 1106.4 | 49.1 | 805.0 | 048
BRB6.0 H 9-9.5 1 2915 1 | 0.39] 6.38 [17.47] 6.17 | 23.64 [15.25{ 0.25 | 13.35 | 1956 | 285 | 142 | 98 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.80| 0.29[ 0.65| 9286 | 48.9 | 8021 | 049
BRB6.0 H 9.5-10 1 2915 1 | 0.39 ] 6.37 [17.48] 5.78 [ 23.26 [15.25{ 0.25 | 13.35 | 19.2 | 28.3 | 141 | 96 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.41] 0.29[ 0.65| 1028.6 | 49.0 | 803.9 | 048
BRB2.0 H 10-10.5 2 2916 1 | 0.38 5.87 [13.58] 5.65 | 19.24 | 825 | 0.25| 10.35 | 13.3 | 21.4 | 10.7 | 66 | 0.9 | 0.00 | 30.0 | 5.00 | 965 | 965 | 434 | 027 | 0.90 | 7.28]| 0.29] 0.65 | 1066.5 | 49.0 | 425.7 | 0.31
BRB2.0 H 10.5-11 2 2916 1 | 0.38] 5.87 [14.03] 5.30 [ 19.33 [ 8.25 [ 0.25| 10.35 | 134 | 214 | 107 | 6.7 | 0.9 | 0.00 | 30.0 | 5.00 | 965 | 965 | 434 | 027 | 0.90 | 6.93]0.29] 0.65| 1176.0 | 49.1 | 4265 | 0.31
BRB6.0 H 10-10.5 1 2917 1 | 0.39] 6.38 [17.46] 542 [ 22.88 [15.25{ 0.25 | 13.35 | 189 | 28.0 | 14.0 | 95 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.05| 0.29 | 0.65| 1137.2 | 49.1 | 8055 | 048
BRB6.0 H 10.5-11 1 2917 1 | 0.39 ] 6.38 [17.47] 5.41 [ 22.88[15.25{ 0.25| 13.35 | 189 | 28.0 | 14.0 | 95 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.04| 0.29 [ 0.65| 1140.3 | 49.1 | 8055 | 048
BRB2.0 H 15-15.5 2 2918 1 | 0.38 ] 5.83 [14.32] 5.80 | 20.12| 8.25 [ 0.25| 10.50 | 13.7 | 22.0 | 11.0 | 6.9 | 0.9 | 0.00 | 30.0 | 5.00 | 9.65 | 965 | 434 | 027 | 0.90 | 7.43| 0.29] 0.65| 1023.6 | 49.0 | 4254 | 0.31
BRB2.0 H 15.5-16 2 2918 1 | 0.38] 5.83 [13.81] 6.23 [ 20.03 | 8.25 [ 0.25| 10.50 | 13.7 | 22.0 | 11.0 | 6.8 | 0.9 | 0.00 | 30.0 | 5.00 | 9.65 | 965 | 434 | 027 | 0.90 | 7.85| 0.29]| 0.65| 915.8 | 48.9 | 4244 | 0.31
BRB6.0 H 15-15.5 1 2919 1 | 0.39 ] 6.37 [17.47] 553 [ 23.00 [15.25{ 0.25 | 13.35 | 19.0 | 28.1 | 14.0 | 95 | 0.9 | 0.00 | 30.0 | 12.00| 18.23| 1823 | 820 | 0.40 | 0.90 | 7.15]| 0.29[ 0.65| 1104.3 | 49.1 | 805.0 | 048
BRB6.0 H 15.5-16 1 2919 1 1 0.39] 6.37 [17.47] 5.44 [ 22.90 [15.25] 0.25| 13.35 | 189 | 28.0 | 14.0 | 95 | 09 | 0.00 | 30.0 | 12.00] 18.23| 1823 | 820 | 0.40 | 0.90 | 7.06 | 0.29| 0.65| 1132.6 | 49.1 | 805.4 | 048
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/7 COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Project: Puyallup PSB
Location: Puyallup, WA

Job: 6910

City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Building

- Planning

Engineering

Public Works

Fire

Traffic

CHEVRON BEAM TOP CONNECTION

Specimen ID and Location

6.4.0 Chevron Effects - General

6.4.1 Uniform Stress Method (USM)

: Chevron Effects Method with Distributed Load Over Each Gusset Half

USM Doubler Plate Requirements (where needed for USM)

EOR-ID Line Grids Lvis Mark Qty Vo Huo ® 0Ge Hup-oac ¢ Mup oV, OV et Lg-act Duy-min Du-max Vuce Lee Lee Vdpip Hgpr tap tapl act Lapiv Dpi Lapir Lapl-act

# # # # # kip kip oY kip oe¢ k-in kip kip in 16ths 16ths kip in Lg-act kip in in in in 16ths in in
BRB7.5 2 G-G.5 1 2901 1 40.86 507 1.0 No 0 1.0 5979 201.4 201.4 48.3 5 10.5 247.6 59.39 1.23 46.28 - - - - - - -
BRB7.5 2 G.5-H 1 2901 1 40.86 507 1.0 No 0 1.0 5980 201.4 201.4 48.2 5 10.5 248.0 59.40 1.23 46.60 - - - - - - -
BRB2.25 6 D-D.5 2 2902 1 12.87 158 1.0 No 0 1.0 1635 156.5 156.5 36.4 5 10.5 90.0 20.90 0.57 0.00 - - - - - - -
BRB2.25 6 D.5-E 2 2902 1 12.87 158 1.0 No 0 1.0 1635 156.5 156.5 36.4 5 10.5 90.0 20.90 0.57 0.00 - - - - - - -
BRB2.25 6 G-G.5 2 2903 1 12.87 158 1.0 No 0 1.0 1637 156.5 156.5 36.6 5 10.5 89.4 20.92 0.57 0.00 - - - - - - -
BRB2.25 6 G.5-H 2 2903 1 12.87 158 1.0 No 0 1.0 1637 156.5 156.5 36.6 5 10.5 89.4 20.92 0.57 0.00 - - - - - - -
BRB3.0 8 G-G.5 1 2904 1 22.38 182 1.0 No 0 1.0 1610 114.7 114.7 33.3 5 10.5 96.6 28.08 0.84 0.00 - - - - - - -
BRB3.0 8 G.5-H 1 2904 1 22.37 182 1.0 No 0 1.0 1612 114.7 114.7 33.0 5 10.5 97.7 28.11 0.85 0.00 - - - - - - -
BRB2.0 8 H-H.5 2 2905 1 12.33 143 1.0 No 0 1.0 1477 156.5 156.5 37.2 5 10.5 79.4 18.88 0.51 0.00 - - - - - - -
BRB2.0 8 H.5-J 2 2905 1 12.33 143 1.0 No 0 1.0 1477 156.5 156.5 37.2 5 10.5 794 18.88 0.51 0.00 - - - - - - -
BRB2.75 10 G-G.5 1 2906 1 16.03 181 1.0 No 0 1.0 1600 114.7 114.7 325 5 10.5 98.4 27.90 0.86 0.00 - - - - - - -
BRB2.75 10 G.5-H 1 2906 1 16.02 181 1.0 No 0 1.0 1601 114.7 114.7 32.3 5 10.5 99.1 27.92 0.86 0.00 - - - - - - -
BRB2.75 11 D-D.5 2 2907 1 18.04 206 1.0 No 0 1.0 2770 284.7 284.7 43.2 5 10.5 128.2 19.46 0.45 0.00 - - - - - - -
BRB2.75 11 D.5-E 2 2907 1 18.04 206 1.0 No 0 1.0 2770 284.7 284.7 43.2 5 10.5 128.2 19.46 0.45 0.00 - - - - - - -
BRB2.0 13 C-C.5 1 2908 1 11.65 132 1.0 No 0 1.0 1165 114.7 114.7 325 5 10.5 71.7 20.32 0.62 0.00 - - - - - - -
BRB2.0 13 C.5-D 1 2908 1 11.65 132 1.0 No 0 1.0 1165 114.7 114.7 325 5 10.5 71.7 20.32 0.62 0.00 - - - - - - -
BRB2.0 13 H-H.5 1 2909 1 11.66 131 1.0 No 0 1.0 1164 114.7 114.7 32.3 5 10.5 72.0 20.29 0.63 0.00 - - - - - - -
BRB2.0 13 H.5-J 1 2909 1 11.66 131 1.0 No 0 1.0 1164 114.7 114.7 32.3 5 10.5 72.0 20.29 0.63 0.00 - - - - - - -
BRB2.75 15 H-H.5 2 2910 1 18.04 206 1.0 No 0 1.0 2770 284.7 284.7 43.2 5 10.5 128.2 19.46 0.45 0.00 - - - - - - -
BRB2.75 15 H.5-J 2 2910 1 18.04 206 1.0 No 0 1.0 2770 284.7 284.7 43.2 5 10.5 128.2 19.46 0.45 0.00 - - - - - - -
BRB2.0 D 3-3.5 2 2911 1 12.24 145 1.0 No 0 1.0 1497 156.5 156.5 375 5 10.5 79.8 19.13 0.51 0.00 - - - - - - -
BRB2.0 D 3.5-4 2 2911 1 12.24 145 1.0 No 0 1.0 1497 156.5 156.5 375 5 10.5 79.8 19.13 0.51 0.00 - - - - - - -
BRB3.0 D 10-10.5 2 2912 1 21.79 236 1.0 No 0 1.0 2482 252.0 252.0 44.0 5 10.5 112.8 19.70 0.45 0.00 - - - - - - -
BRB3.0 D 10.5-11 2 2912 1 21.80 236 1.0 No 0 1.0 2481 252.0 252.0 441 5 10.5 112.5 19.69 0.45 0.00 - - - - - - -
BRB6.0 D 10-10.5 1 2913 1 45.44 464 1.0 No 0 1.0 6196 265.3 265.3 56.7 5 10.5 218.6 46.71 0.82 0.00 - - - - - - -
BRB6.0 D 10.5-11 1 2913 1 45.44 464 1.0 No 0 1.0 6196 265.3 265.3 56.7 5 10.5 218.6 46.71 0.82 0.00 - - - - - - -
BRB6.0 D 15-15.5 1 2914 1 45.42 464 1.0 No 0 1.0 6200 265.3 265.3 56.2 5 10.5 220.7 46.74 0.83 0.00 - - - - - - -
BRB6.0 D 15.5-16 1 2914 1 45.42 464 1.0 No 0 1.0 6200 265.3 265.3 56.2 5 10.5 220.7 46.74 0.83 0.00 - - - - - - -
BRB6.0 H 9-9.5 1 2915 1 45.47 464 1.0 No 0 1.0 6191 265.3 265.3 57.0 5 10.5 217.3 46.67 0.82 0.00 - - - - - - -
BRB6.0 H 9.5-10 1 2915 1 45.43 464 1.0 No 0 1.0 6199 265.3 265.3 56.5 5 10.5 219.3 46.73 0.83 0.00 - - - - - - -
BRB2.0 H 10-10.5 2 2916 1 11.32 164 1.0 No 0 1.0 1693 156.5 156.5 42.7 5 10.5 79.3 21.64 0.51 0.00 - - - - - - -
BRB2.0 H 10.5-11 2 2916 1 11.32 164 1.0 No 0 1.0 1693 156.5 156.5 42.8 5 10.5 79.1 21.63 0.51 0.00 - - - - - - -
BRB6.0 H 10-10.5 1 2917 1 45.45 464 1.0 No 0 1.0 6195 265.3 265.3 56.0 5 10.5 221.2 46.70 0.83 0.00 - - - - - - -
BRB6.0 H 10.5-11 1 2917 1 45.45 464 1.0 No 0 1.0 6195 265.3 265.3 56.0 5 10.5 221.2 46.70 0.83 0.00 - - - - - - -
BRB2.0 H 15-15.5 2 2918 1 11.36 166 1.0 No 0 1.0 1739 252.0 252.0 44.0 5 10.5 79.0 13.80 0.31 0.00 - - - - - - -
BRB2.0 H 15.5-16 2 2918 1 11.36 166 1.0 No 0 1.0 1739 252.0 252.0 43.9 5 10.5 79.2 13.80 0.31 0.00 - - - - - - -
BRB6.0 H 15-15.5 1 2919 1 45.43 464 1.0 No 0 1.0 6198 265.3 265.3 56.2 5 10.5 220.6 46.73 0.83 0.00 - - - - - - -
BRB6.0 H 15.5-16 1 2919 1 45.42 464 1.0 No 0 1.0 6200 265.3 265.3 56.1 5 10.5 2211 46.74 0.83 0.00 - - - - - - -
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6.4.1 Uniform Stress Method (USM): Chevron Effects Method with Distributed Load Over Each Gusset Half

Checks to Develop Beam Shear Capacity over 1/2 Gusset Length (as Point Load) Required Gusset Weld Size for USM CSM
EOR-ID Line Grids Lvis Mark Qty ® OR,wy Ry wiy DCR ® SR}, wic Ry wie DCR Veiittusm | Astusm tstusm Vusm Hysm Ruysm 6r c Dreq.usm Dysm Leecsm | Leecsm z' z
# # # # # bl kip kip e e kip kip wie kip in2 in kfin kfin kfin rad R 16ths 16ths in Lgact in in

BRB7.5 2 G-G.5 1 2901 1 1.0 415 248 - 0.75 338 248 - 0.0 0.0 - 11.10 10.49 15.28 0.81 1.31 4.19 5.00 45.77 0.95 11.40 11.50
BRB7.5 2 G.5-H 1 2901 1 1.0 415 248 - 0.75 338 248 - 0.0 0.0 - 11.13 10.51 15.30 0.81 1.31 4.20 5.00 45.78 0.95 11.42 11.50
BRB2.25 6 D-D.5 2 2902 1 1.0 289 90 0.31 0.75 239 90 0.38 0.0 0.0 - 5.30 4.35 6.86 0.88 1.34 1.84 5.00 22.81 0.63 4.01 4.25
BRB2.25 6 D.5-E 2 2902 1 1.0 289 90 0.31 0.75 239 90 0.38 0.0 0.0 - 5.30 4.35 6.86 0.88 1.34 1.84 5.00 22.81 0.63 4.01 4.25
BRB2.25 6 G-G.5 2 2903 1 1.0 290 89 0.31 0.75 240 89 0.37 0.0 0.0 - 5.24 4.32 6.79 0.88 1.34 1.82 5.00 22.82 0.62 3.98 4.00
BRB2.25 6 G.5-H 2 2903 1 1.0 290 89 0.31 0.75 240 89 0.37 0.0 0.0 - 5.24 4.32 6.79 0.88 1.34 1.82 5.00 22.82 0.62 3.98 4.00
BRB3.0 8 G-G.5 1 2904 1 1.0 225 97 0.43 0.75 176 97 0.55 0.0 0.0 - 6.47 5.46 8.46 0.87 1.33 2.28 5.00 25.14 0.75 5.32 5.50
BRB3.0 8 G.5-H 1 2904 1 1.0 223 98 0.44 0.75 175 98 0.56 0.0 0.0 - 6.59 5.52 8.60 0.87 1.34 2.31 5.00 25.16 0.76 5.41 5.50
BRB2.0 8 H-H.5 2 2905 1 1.0 294 79 0.27 0.75 243 79 0.33 0.0 0.0 - 4.60 3.84 5.99 0.88 1.34 1.61 5.00 21.76 0.58 3.47 3.50
BRB2.0 8 H.5-J 2 2905 1 1.0 294 79 0.27 0.75 243 79 0.33 0.0 0.0 - 4.60 3.84 5.99 0.88 1.34 1.61 5.00 21.76 0.58 3.47 3.50
BRB2.75 10 G-G.5 1 2906 1 1.0 220 98 0.45 0.75 173 98 0.57 0.0 0.0 - 6.55 5.56 8.59 0.87 1.33 2.31 5.00 24.88 0.77 5.48 5.50
BRB2.75 10 G.5-H 1 2906 1 1.0 219 99 0.45 0.75 172 99 0.58 0.0 0.0 - 6.63 5.60 8.68 0.87 1.33 2.34 5.00 24.89 0.77 5.54 5.75
BRB2.75 11 D-D.5 2 2907 1 1.0 499 128 0.26 0.75 415 128 0.31 0.0 0.0 - 6.35 4.77 7.94 0.93 1.36 2.10 5.00 25.68 0.59 4.01 4.25
BRB2.75 11 D.5-E 2 2907 1 1.0 499 128 0.26 0.75 415 128 0.31 0.0 0.0 - 6.35 4.77 7.94 0.93 1.36 2.10 5.00 25.68 0.59 4.01 4.25
BRB2.0 13 C-C.5 1 2908 1 1.0 220 72 0.33 0.75 173 72 0.41 0.0 0.0 - 4.77 4.05 6.25 0.87 1.33 1.69 5.00 20.78 0.64 3.75 4.00
BRB2.0 13 C.5-D 1 2908 1 1.0 220 72 0.33 0.75 173 72 0.41 0.0 0.0 - 4.77 4.05 6.25 0.87 1.33 1.69 5.00 20.78 0.64 3.75 4.00
BRB2.0 13 H-H.5 1 2909 1 1.0 219 72 0.33 0.75 172 72 0.42 0.0 0.0 - 4.82 4.07 6.31 0.87 1.33 1.70 5.00 20.77 0.64 3.78 4.00
BRB2.0 13 H.5-J 1 2909 1 1.0 219 72 0.33 0.75 172 72 0.42 0.0 0.0 - 4.82 4.07 6.31 0.87 1.33 1.70 5.00 20.77 0.64 3.78 4.00
BRB2.75 15 H-H.5 2 2910 1 1.0 499 128 0.26 0.75 415 128 0.31 0.0 0.0 - 6.35 4.77 7.94 0.93 1.36 2.10 5.00 25.68 0.59 4.01 4.25
BRB2.75 15 H.5-J 2 2910 1 1.0 499 128 0.26 0.75 415 128 0.31 0.0 0.0 - 6.35 4.77 7.94 0.93 1.36 2.10 5.00 25.68 0.59 4.01 4.25
BRB2.0 D 3-3.5 2 2911 1 1.0 296 80 0.27 0.75 244 80 0.33 0.0 0.0 - 4.58 3.86 5.99 0.87 1.33 1.61 5.00 21.89 0.58 3.49 3.50
BRB2.0 D 3.5-4 2 2911 1 1.0 296 80 0.27 0.75 244 80 0.33 0.0 0.0 - 4.58 3.86 5.99 0.87 1.33 1.61 5.00 21.89 0.58 3.49 3.50
BRB3.0 D 10-10.5 2 2912 1 1.0 552 113 0.20 0.75 380 113 0.30 0.0 0.0 - 5.62 5.37 7.77 0.81 1.31 2.14 5.00 22.35 0.51 3.03 3.25
BRB3.0 D 10.5-11 2 2912 1 1.0 553 112 0.20 0.75 380 112 0.30 0.0 0.0 - 5.59 5.36 7.74 0.81 1.31 2.13 5.00 22.35 0.51 3.02 3.25
BRB6.0 D 10-10.5 1 2913 1 1.0 572 219 0.38 0.75 450 219 0.49 0.0 0.0 - 8.51 8.19 11.81 0.80 1.31 3.25 5.00 40.19 0.71 7.62 7.75
BRB6.0 D 10.5-11 1 2913 1 1.0 572 219 0.38 0.75 450 219 0.49 0.0 0.0 - 8.51 8.19 11.81 0.80 1.31 3.25 5.00 40.19 0.71 7.62 7.75
BRB6.0 D 15-15.5 1 2914 1 1.0 568 221 0.39 0.75 447 221 0.49 0.0 0.0 - 8.66 8.27 11.97 0.81 1.31 3.29 5.00 40.21 0.72 7.72 7.75
BRB6.0 D 15.5-16 1 2914 1 1.0 568 221 0.39 0.75 447 221 0.49 0.0 0.0 - 8.66 8.27 11.97 0.81 1.31 3.29 5.00 40.21 0.72 7.72 7.75
BRB6.0 H 9-9.5 1 2915 1 1.0 574 217 0.38 0.75 451 217 0.48 0.0 0.0 - 8.43 8.14 11.72 0.80 1.31 3.22 5.00 40.17 0.71 7.57 7.75
BRB6.0 H 9.5-10 1 2915 1 1.0 571 219 0.38 0.75 449 219 0.49 0.0 0.0 - 8.56 8.21 11.86 0.81 1.31 3.26 5.00 40.20 0.71 7.66 7.75
BRB2.0 H 10-10.5 2 2916 1 1.0 329 79 0.24 0.75 266 79 0.30 0.0 0.0 - 3.98 3.83 5.52 0.80 1.31 1.52 5.00 23.20 0.54 3.42 3.50
BRB2.0 H 10.5-11 2 2916 1 1.0 330 79 0.24 0.75 266 79 0.30 0.0 0.0 - 3.96 3.82 5.50 0.80 1.31 1.51 5.00 23.19 0.54 3.41 3.50
BRB6.0 H 10-10.5 1 2917 1 1.0 566 221 0.39 0.75 446 221 0.50 0.0 0.0 - 8.71 8.28 12.02 0.81 1.31 3.30 5.00 40.19 0.72 7.75 8.00
BRB6.0 H 10.5-11 1 2917 1 1.0 566 221 0.39 0.75 446 221 0.50 0.0 0.0 - 8.71 8.28 12.02 0.81 1.31 3.30 5.00 40.19 0.72 7.75 8.00
BRB2.0 H 15-15.5 2 2918 1 1.0 552 79 0.14 0.75 380 79 0.21 0.0 0.0 - 3.84 3.76 5.38 0.80 1.30 1.48 5.00 19.38 0.44 2.07 2.25
BRB2.0 H 15.5-16 2 2918 1 1.0 551 79 0.14 0.75 379 79 0.21 0.0 0.0 - 3.86 3.77 5.40 0.80 1.30 1.49 5.00 19.38 0.44 2.08 2.25
BRB6.0 H 15-15.5 1 2919 1 1.0 568 221 0.39 0.75 447 221 0.49 0.0 0.0 - 8.66 8.26 11.97 0.81 1.31 3.29 5.00 40.20 0.72 7.72 7.75
BRB6.0 H 15.5-16 1 2919 1 1.0 567 221 0.39 0.75 447 221 0.49 0.0 0.0 - 8.70 8.28 12.01 0.81 1.31 3.30 5.00 40.21 0.72 7.75 7.75
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6.4.2 Concentrated Stress Method (CSM): Chevron Effects Method with Concentrated Stress at Gusset Edges over Length ‘z’

Checks to Develop Beam Shear Capacity over z-Region (as Point Load): Checks to Develop Beam Shear Capacity at Central Region Required Weld Size for Concentrated Stress Method
EOR-ID Line Grids Lvis Mark Qty ¢Rn,wly Ru,wly ¢Rn,wlc Ru,wlc Vstitr-csm Ay tst ¢Rn,wly Ru,wly ¢Rn,wlc Ru,wlc Vstitr.csm Ay | ngssel v, R, Or-, Dz,Req Ventr Rentr OR-cntr Dreq-cntr
) ) DCRuy ) ) DCRyic ) 5 ) ) ) DCRyy ) ) DCRyc ) - ) ) ) ) Corz ) ) Corcntr

# # # # # kip kip kip kip kips in in kip kip kip kip kip in in k/in k/in k/in rad 16ths k/in k/in rad 16ths
BRB7.5 2 G-G.5 1 2901 1 235 163 1 218 163 0.75 0.00 0.00 - 431 41 0.09 349 41 0.12 0.00 0.00 - 10.5 14.2 17.7 0.94 1.36 4.66 1.603 10.615 0.15 1.03 3.70
BRB7.5 2 G.5-H 1 2901 1 235 163 1 218 163 0.75 0.00 0.00 - 431 41 0.09 348 41 0.12 0.00 0.00 - 10.5 14.2 17.7 0.93 1.36 4.67 1.609 10.629 0.15 1.03 3.71
BRB2.25 6 D-D.5 2 2902 1 113 51 - 121 51 - 0.00 0.00 - 411 13 - 321 13 - 0.00 0.00 - 4.3 12.6 13.3 1.24 1.46 3.28 0.454 4.369 0.10 1.02 1.54
BRB2.25 6 D.5-E 2 2902 1 113 51 - 121 51 - 0.00 0.00 - 411 13 - 321 13 - 0.00 0.00 - 4.3 12.6 13.3 1.24 1.46 3.28 0.454 4.369 0.10 1.02 1.54
BRB2.25 6 G-G.5 2 2903 1 110 50 - 119 50 - 0.00 0.00 - 420 13 - 327 13 - 0.00 0.00 - 4.3 12.6 13.3 1.24 1.46 3.28 0.449 4.344 0.10 1.02 1.53
BRB2.25 6 G.5-H 2 2903 1 110 50 - 119 50 - 0.00 0.00 - 420 13 - 327 13 - 0.00 0.00 - 4.3 12.6 13.3 1.24 1.46 3.28 0.449 4.344 0.10 1.02 1.53
BRB3.0 8 G-G.5 1 2904 1 104 58 - 102 58 - 0.00 0.00 - 286 22 - 213 22 - 0.00 0.00 - 5.5 10.8 121 1.10 1.42 3.06 0.986 5.547 0.18 1.04 1.92
BRB3.0 8 G.5-H 1 2904 1 104 59 - 102 59 - 0.00 0.00 - 282 22 - 211 22 - 0.00 0.00 - 5.5 10.8 121 1.10 1.42 3.07 1.007 5.608 0.18 1.04 1.94
BRB2.0 8 H-H.5 2 2905 1 104 44 - 115 44 - 0.00 0.00 - 441 12 - 341 12 - 0.00 0.00 - 3.8 12.6 13.2 1.28 1.47 3.22 0.407 3.857 0.11 1.02 1.36
BRB2.0 8 H.5-J 2 2905 1 104 44 - 115 44 - 0.00 0.00 - 441 12 - 341 12 - 0.00 0.00 - 3.8 12.6 13.2 1.28 1.47 3.22 0.407 3.857 0.11 1.02 1.36
BRB2.75 10 G-G.5 1 2906 1 104 59 - 102 59 - 0.00 0.00 - 277 16 - 208 16 - 0.00 0.00 - 5.6 10.8 121 1.10 1.42 3.07 0.743 5.610 0.13 1.02 1.97
BRB2.75 10 G.5-H 1 2906 1 107 60 - 104 60 - 0.00 0.00 - 269 16 - 203 16 - 0.00 0.00 - 5.6 10.8 12.2 1.09 1.42 3.08 0.755 5.651 0.13 1.02 1.98
BRB2.75 11 D-D.5 2 2907 1 193 71 - 227 71 - 0.00 0.00 - 731 18 - 556 18 - 0.00 0.00 - 4.8 17.6 18.3 1.31 1.47 4.45 0.512 4.794 0.11 1.02 1.69
BRB2.75 11 D.5-E 2 2907 1 193 71 - 227 71 - 0.00 0.00 - 731 18 - 556 18 - 0.00 0.00 - 4.8 17.6 18.3 1.31 1.47 4.45 0.512 4.794 0.11 1.02 1.69
BRB2.0 13 C-C.5 1 2908 1 88 41 - 92 41 - 0.00 0.00 - 309 12 - 228 12 - 0.00 0.00 - 4.0 10.8 11.5 1.21 1.45 2.85 0.466 4.076 0.11 1.02 1.44
BRB2.0 13 C.5-D 1 2908 1 88 41 - 92 41 - 0.00 0.00 - 309 12 - 228 12 - 0.00 0.00 - 4.0 10.8 11.5 1.21 1.45 2.85 0.466 4.076 0.11 1.02 1.44
BRB2.0 13 H-H.5 1 2909 1 88 41 - 92 41 - 0.00 0.00 - 307 12 - 226 12 - 0.00 0.00 - 4.1 10.8 11.5 1.21 1.45 2.85 0.471 4.097 0.12 1.02 1.44
BRB2.0 13 H.5-J 1 2909 1 88 41 - 92 41 - 0.00 0.00 - 307 12 - 226 12 - 0.00 0.00 - 4.1 10.8 11.5 1.21 1.45 2.85 0.471 4.097 0.12 1.02 1.44
BRB2.75 15 H-H.5 2 2910 1 193 71 - 227 71 - 0.00 0.00 - 731 18 - 556 18 - 0.00 0.00 - 4.8 17.6 18.3 1.31 1.47 4.45 0.512 4.794 0.11 1.02 1.69
BRB2.75 15 H.5-J 2 2910 1 193 71 - 227 71 - 0.00 0.00 - 731 18 - 556 18 - 0.00 0.00 - 4.8 17.6 18.3 1.31 1.47 4.45 0.512 4.794 0.11 1.02 1.69
BRB2.0 D 3-3.5 2 2911 1 104 44 - 115 44 - 0.00 0.00 - 444 12 - 343 12 - 0.00 0.00 - 3.9 12.6 13.2 1.27 1.47 3.22 0.401 3.876 0.10 1.02 1.37
BRB2.0 D 3.5-4 2 2911 1 104 44 - 115 44 - 0.00 0.00 - 444 12 - 343 12 - 0.00 0.00 - 3.9 12.6 13.2 1.27 1.47 3.22 0.401 3.876 0.10 1.02 1.37
BRB3.0 D 10-10.5 2 2912 1 177 61 - 178 61 - 0.00 0.00 - 862 22 - 546 22 - 0.00 0.00 - 5.4 20.0 20.7 1.31 1.47 5.04 0.574 5.402 0.11 1.02 1.91
BRB3.0 D 10.5-11 2 2912 1 177 61 - 178 61 - 0.00 0.00 - 865 22 - 547 22 - 0.00 0.00 - 5.4 20.0 20.7 1.31 1.47 5.04 0.572 5.386 0.11 1.02 1.90
BRB6.0 D 10-10.5 1 2913 1 231 127 - 234 127 - 0.00 0.00 - 785 45 - 585 45 - 0.00 0.00 - 8.2 16.6 18.5 1.11 1.42 4.66 1.096 8.259 0.13 1.02 2.90
BRB6.0 D 10.5-11 1 2913 1 231 127 - 234 127 - 0.00 0.00 - 785 45 - 585 45 - 0.00 0.00 - 8.2 16.6 18.5 1.11 1.42 4.66 1.096 8.259 0.13 1.02 2.90
BRB6.0 D 15-15.5 1 2914 1 231 128 - 234 128 - 0.00 0.00 - 777 45 - 579 45 - 0.00 0.00 - 8.3 16.6 18.5 1.11 1.42 4.67 1.115 8.340 0.13 1.02 2.92
BRB6.0 D 15.5-16 1 2914 1 231 128 - 234 128 - 0.00 0.00 - 777 45 - 579 45 - 0.00 0.00 - 8.3 16.6 18.5 1.11 1.42 4.67 1.115 8.340 0.13 1.02 2.92
BRB6.0 H 9-9.5 1 2915 1 231 126 - 234 126 - 0.00 0.00 - 789 45 - 587 45 - 0.00 0.00 - 8.1 16.6 18.5 1.11 1.43 4.65 1.087 8.212 0.13 1.02 2.88
BRB6.0 H 9.5-10 1 2915 1 231 127 - 234 127 - 0.00 0.00 - 782 45 - 583 45 - 0.00 0.00 - 8.2 16.6 18.5 1.11 1.42 4.66 1.102 8.287 0.13 1.02 2.91
BRB2.0 H 10-10.5 2 2916 1 104 43 - 115 43 - 0.00 0.00 - 510 11 - 387 11 - 0.00 0.00 - 3.8 12.6 13.2 1.28 1.47 3.22 0.316 3.843 0.08 1.01 1.36
BRB2.0 H 10.5-11 2 2916 1 104 43 - 115 43 - 0.00 0.00 - 511 11 - 388 11 - 0.00 0.00 - 3.8 12.6 13.2 1.28 1.47 3.22 0.314 3.832 0.08 1.01 1.36
BRB6.0 H 10-10.5 1 2917 1 235 129 - 237 129 - 0.00 0.00 - 765 45 - 572 45 - 0.00 0.00 - 8.3 16.6 18.5 1.11 1.42 4.67 1.122 8.361 0.13 1.02 2.93
BRB6.0 H 10.5-11 1 2917 1 235 129 - 237 129 - 0.00 0.00 - 765 45 - 572 45 - 0.00 0.00 - 8.3 16.6 18.5 1.11 1.42 4.67 1.122 8.361 0.13 1.02 2.93
BRB2.0 H 15-15.5 2 2918 1 157 42 - 168 42 - 0.00 0.00 - 903 11 - 568 11 - 0.00 0.00 - 3.8 20.0 20.4 1.38 1.49 4.91 0.285 3.771 0.08 1.01 1.34
BRB2.0 H 15.5-16 2 2918 1 157 42 - 168 42 - 0.00 0.00 - 901 11 - 567 11 - 0.00 0.00 - 3.8 20.0 20.4 1.38 1.49 4.92 0.286 3.782 0.08 1.01 1.34
BRB6.0 H 15-15.5 1 2919 1 231 128 - 234 128 - 0.00 0.00 - 776 45 - 579 45 - 0.00 0.00 - 8.3 16.6 18.5 1.11 1.42 4.67 1.115 8.338 0.13 1.02 2.92
BRB6.0 H 15.5-16 1 2919 1 231 128 - 234 128 - 0.00 0.00 - 775 45 - 578 45 - 0.00 0.00 - 8.3 16.6 18.5 1.11 1.42 4.67 1.119 8.357 0.13 1.02 2.93
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Specimen ID and Location 6.4 Chevron Effects Summary
EOR-ID Line Grids Lvils Mark Qty [USM w/out] USM with | CSM with tobir Lppir Wi tstentr Zact W, Wentr
# # # # # Reinf Dbir Plate | z Reinf in in 16ths in in 16ths in 16ths
BRB7.5 2 G-G.5 1 2901 1 X X v - - - 0.50 - - - 5
BRB7.5 2 G.5-H 1 2901 1 X X v - - - 0.50 - - - 5
BRB2.25 6 D-D.5 2 2902 1 v X X - - - 0.50 - - - 5
BRB2.25 6 D.5-E 2 2902 1 v X X - - - 0.50 - - - 5
BRB2.25 6 G-G.5 2 2903 1 v X X - - - 0.50 - - - 5
BRB2.25 6 G.5-H 2 2903 1 v X X - - - 0.50 - - - 5
BRB3.0 8 G-G.5 1 2904 1 v X X - - - 0.50 - - - 5
BRB3.0 8 G.5-H 1 2904 1 v X X - - - 0.50 - - - 5
BRB2.0 8 H-H.5 2 2905 1 v X X - - - 0.50 - - - 5
BRB2.0 8 H.5-J 2 2905 1 v X X - - - 0.50 - - - 5
BRB2.75 10 G-G.5 1 2906 1 v X X - - - 0.50 - - - 5
BRB2.75 10 G.5-H 1 2906 1 v X X - - - 0.50 - - - 5
BRB2.75 11 D-D.5 2 2907 1 v X X - - - 0.50 - - - 5
BRB2.75 11 D.5-E 2 2907 1 v X X - - - 0.50 - - - 5
BRB2.0 13 C-C.5 1 2908 1 v X X - - - 0.50 - - - 5
BRB2.0 13 C.5-D 1 2908 1 v X X - - - 0.50 - - - 5
BRB2.0 13 H-H.5 1 2909 1 v X X - - - 0.50 - - - 5
BRB2.0 13 H.5-J 1 2909 1 v X X - - - 0.50 - - - 5
BRB2.75 15 H-H.5 2 2910 1 v X X - - - 0.50 - - - 5
BRB2.75 15 H.5-J 2 2910 1 v X X - - - 0.50 - - - 5
BRB2.0 D 3-3.5 2 2911 1 v X X - - - 0.50 - - - 5
BRB2.0 D 3.5-4 2 2911 1 v X X - - - 0.50 - - - 5
BRB3.0 D 10-10.5 2 2912 1 v X X - - - 0.50 - - - 5
BRB3.0 D 10.5-11 2 2912 1 v X X - - - 0.50 - - - 5
BRB6.0 D 10-10.5 1 2913 1 v X X - - - 0.50 - - - 5
BRB6.0 D 10.5-11 1 2913 1 v X X - - - 0.50 - - - 5
BRB6.0 D 15-15.5 1 2914 1 v X X - - - 0.50 - - - 5
BRB6.0 D 15.5-16 1 2914 1 v X X - - - 0.50 - - - 5
BRB6.0 H 9-9.5 1 2915 1 v X X - - - 0.50 - - - 5
BRB6.0 H 9.5-10 1 2915 1 v X X - - - 0.50 - - - 5
BRB2.0 H 10-10.5 2 2916 1 v X X - - - 0.50 - - - 5
BRB2.0 H 10.5-11 2 2916 1 v X X - - - 0.50 - - - 5
BRB6.0 H 10-10.5 1 2917 1 v X X - - - 0.50 - - - 5
BRB6.0 H 10.5-11 1 2917 1 v X X - - - 0.50 - - - 5
BRB2.0 H 15-15.5 2 2918 1 v X X - - - 0.50 - - - 5
BRB2.0 H 15.5-16 2 2918 1 v X X - - - 0.50 - - - 5
BRB6.0 H 15-15.5 1 2919 1 v X X - - - 0.50 - - - 5
BRB6.0 H 15.5-16 1 2919 1 v X X - - - 0.50 - - - 5
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7.0 DESIGN CRITERIA
Length Between Work Points at Top and Bottom of Brace Lup: 261.1in (6632 mm)
Modulus of Elasticity E: 29000 ksi (199955 MPa)
Yielding Core Stiffness
Yielding Core Length L'yect 152.8in (3880 mm)
Yielding Core Area Aysc: 7.50 in2 (4839 mm?2)
Yielding Core Stiffness  Kysc = Ayec'E/Lysc Kysct 1424 k/in (249 kN/mm)
End Zone Stiffness
Length of Stiffener Plate Extension into Casing Le: 19.5in (495 mm)
End Zone Total Length Ler = 2L, Let: 39.0in (990 mm)
End Zone Area Ae: 16.78 in2 (10829 mm?2)
End Zone Stiffness K, = Ac’E/Lor Ke: 12489 k/in (2187 kN/mm)
Transition Zone Stiffness (Where Occurs)
Length from End of Stiffener Plate to Middle of Final Transition Ly 0.0in (0 mm)
Transition Zone Total Length Ly = 2L Ler: 0.0in (0 mm)
Transition Zone Area A: 0.00 in2 (0 mm?23)
Transition Zone Stiffness  K; = A;'E/Li Ky: - -
Connection Stiffness
Length of Connection from Work Point to End of Gusset L 34.7 in (881 mm)
Connection Region Total Length L = 2'L¢ Lert 69.3 in (1761 mm)
Connection Area A 50.35 in2 (32487 mm?2)
Connection Stiffness K. = Ac'E/Lcr Ke: 21060 k/in (3688 kN/mm)
Center Region Stiffness (Not Applicable Where L = 0)
Length of Center Region Lestt 0.0in (0 mm)
Area of Center Region At 7.50 in2 (4839 mm?2)
Center Stiffness  Ket = Acst’E/Lest Kest: -- -
Total Stiffness  Kegr = 1/(1/Kysc + 1/Ke + 1/K; + 1/K + 1/Kg) Ke: 1205 k/in (211 kN/mm)
Yielding Core Stiffness WP to WP Kiwp = Aysc'E/Lwp Kiwp: 833 k/in (146 kN/mm)
Stiffness Modification Factor K¢ = Keg/K e I K 1.45 |

Length Verification
Lysc +LeT +LtT +LcT +Lcst
L wP

= 1.00 Should be 1.0 if all regions are accounted for.
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Specimen ID and Location General Yielding Core Stiffness End Zone Stiffness Transition Zone Stiffness Connection Stiffness Center Region Stiffness Total Stiffness & Check

EOR-ID Line Grids Lvis Mark Qty Lwp E L'ysc A Kysc L. Ler A. Ke L, Ler A K, L. L A K. Lest Acst Kest Keir | Kiwe K Length
# # # # # in ksi in in? k/in in in in? k/in in in in? k/in in in in? k/in in in? k/in k/in | kf/in F | check

BRB7.5 2 G-G.5 1 2901 1 261 29000 | 152.8 7.50 1424 19.5 [ 39.0 16.8 | 12489 0.0 0.0 0.00 - 34.7 69 50.4 [ 21060 0.0 7.5 - 1205 | 833 | 1.45 1.0
BRB7.5 2 G.5-H 1 2901 1 261 29000 | 152.8 7.50 1424 19.5 | 39.0 16.8 | 12489 0.0 0.0 0.00 - 34.6 69 50.4 | 21076 0.0 7.5 - 1205 | 833 | 1.45 1.0
BRB2.25 6 D-D.5 2 2902 1 263 29000 | 163.6 2.25 399 15.5 [ 30.9 6.2 5773 8.1 16.3 | 3.19 | 5688 | 26.1 52 18.5 | 10263 0.0 2.3 - 339 [ 248 | 1.36 1.0
BRB2.25 6 D.5-E 2 2902 1 263 29000 | 163.6 2.25 399 15.5 | 30.9 6.2 5773 8.1 16.3 | 3.19 [ 5688 [ 26.1 52 18.5 | 10263 0.0 2.3 - 339 | 248 | 1.36 1.0
BRB2.25 6 G-G.5 2 2903 1 263 29000 | 163.6 2.25 399 15.5 [ 30.9 6.2 5773 8.1 16.3 | 3.19 | 5688 | 26.2 52 18.5 | 10225 0.0 2.3 - 339 [ 248 | 1.37 1.0
BRB2.25 6 G.5-H 2 2903 1 263 29000 | 163.6 2.25 399 15.5 | 30.9 6.2 5773 8.1 16.3 | 3.19 [ 5688 [ 26.2 52 18.5 | 10225 0.0 2.3 - 339 | 248 | 1.37 1.0
BRB3.0 8 G-G.5 1 2904 1 279 29000 | 194.1 3.00 448 16.3 | 32.7 6.7 5919 0.0 0.0 0.00 - 25.9 52 20.0 [ 11207 0.0 3.0 - 402 | 312 | 1.29 1.0
BRB3.0 8 G.5-H 1 2904 1 278 29000 | 194.1 3.00 448 16.3 | 32.7 6.7 5919 0.0 0.0 0.00 - 25.7 51 20.0 | 11276 0.0 3.0 - 402 | 313 | 1.28 1.0
BRB2.0 8 H-H.5 2 2905 1 260 29000 | 159.8 2.00 363 15.5 [ 31.0 5.7 5355 8.0 16.0 | 2.73 | 4944 | 26.4 53 171 9410 0.0 2.0 - 308 [ 223 | 1.38 1.0
BRB2.0 8 H.5-J 2 2905 1 260 29000 | 159.8 2.00 363 15,5 | 31.0 5.7 5355 8.0 16.0 | 2.73 [ 4944 | 264 53 17.1 9410 0.0 2.0 - 308 | 223 | 1.38 1.0
BRB2.75 10 G-G.5 1 2906 1 279 29000 | 179.4 2.75 444 16.0 [ 31.9 7.1 6468 8.2 16.4 | 3.75 | 6641 | 25.5 51 21.4 | 12157 0.0 2.8 - 379 | 286 | 1.32 1.0
BRB2.75 10 G.5-H 1 2906 1 278 29000 | 179.4 2.75 444 16.0 | 31.9 7.1 6468 8.2 16.4 | 3.75 [ 6641 [ 254 51 21.4 | 12208 0.0 2.8 - 379 | 286 | 1.32 1.0
BRB2.75 11 D-D.5 2 2907 1 251 29000 | 146.4 2.75 545 16.0 [ 31.9 7.1 6468 8.2 16.4 | 3.75 | 6641 | 27.9 56 21.4 | 11088 0.0 2.8 - 448 | 318 | 1.41 1.0
BRB2.75 11 D.5-E 2 2907 1 251 29000 | 146.4 2.75 545 16.0 | 31.9 7.1 6468 8.2 16.4 | 3.75 [ 6641 [ 27.9 56 21.4 | 11088 0.0 2.8 - 448 | 318 | 1.41 1.0
BRB2.0 13 C-C.5 1 2908 1 279 29000 | 180.8 2.00 321 15,5 | 31.0 5.7 5355 8.0 16.0 | 2.73 | 4944 | 25.6 51 171 9726 0.0 2.0 - 277 | 208 | 1.33 1.0
BRB2.0 13 C.5-D 1 2908 1 279 29000 | 180.8 2.00 321 15.5 | 31.0 5.7 5355 8.0 16.0 | 2.73 [ 4944 [ 25.6 51 17.1 9726 0.0 2.0 - 277 | 208 | 1.33 1.0
BRB2.0 13 H-H.5 1 2909 1 279 29000 | 180.8 2.00 321 15.5 [ 31.0 5.7 5355 8.0 16.0 | 2.73 | 4944 | 25,5 51 171 9758 0.0 2.0 - 277 | 208 | 1.33 1.0
BRB2.0 13 H.5-J 1 2909 1 279 29000 | 180.8 2.00 321 15.5 | 31.0 5.7 5355 8.0 16.0 | 2.73 [ 4944 [ 255 51 17.1 9758 0.0 2.0 - 277 | 208 | 1.33 1.0
BRB2.75 15 H-H.5 2 2910 1 251 29000 | 146.4 2.75 545 16.0 [ 31.9 7.1 6468 8.2 16.4 | 3.75 | 6641 | 27.9 56 21.4 | 11088 0.0 2.8 - 448 | 318 | 1.41 1.0
BRB2.75 15 H.5-J 2 2910 1 251 29000 | 146.4 2.75 545 16.0 | 31.9 7.1 6468 8.2 16.4 | 3.75 [ 6641 [ 27.9 56 21.4 | 11088 0.0 2.8 - 448 | 318 | 1.41 1.0
BRB2.0 D 3-3.5 2 2911 1 257 29000 | 157.8 2.00 368 15,5 | 31.0 5.7 5355 8.0 16.0 | 2.73 [ 4944 [ 259 52 17.1 9600 0.0 2.0 - 311 | 226 | 1.38 1.0
BRB2.0 D 3.5-4 2 2911 1 257 29000 | 157.8 2.00 368 15.5 | 31.0 5.7 5355 8.0 16.0 | 2.73 [ 4944 [ 25.9 52 17.1 9600 0.0 2.0 - 311 | 226 | 1.38 1.0
BRB3.0 D 10-10.5 2 2912 1 288 29000 | 195.1 3.00 446 16.3 | 32.7 6.7 5919 0.0 0.0 0.00 - 29.9 60 20.0 9707 0.0 3.0 - 398 | 303 [ 1.31 1.0
BRB3.0 D 10.5-11 2 2912 1 288 29000 | 195.1 3.00 446 16.3 | 32.7 6.7 5919 0.0 0.0 0.00 - 29.9 60 20.0 9692 0.0 3.0 - 398 | 303 [ 1.31 1.0
BRB6.0 D 10-10.5 1 2913 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 35.1 70 43.4 | 17927 0.0 6.0 - 808 | 584 | 1.38 1.0
BRB6.0 D 10.5-11 1 2913 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 35.1 70 43.4 | 17927 0.0 6.0 - 808 | 584 | 1.38 1.0
BRB6.0 D 15-15.5 1 2914 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 34.9 70 43.4 | 18033 0.0 6.0 - 808 | 585 | 1.38 1.0
BRB6.0 D 15.5-16 1 2914 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 34.9 70 43.4 | 18033 0.0 6.0 - 808 | 585 | 1.38 1.0
BRB6.0 H 9-9.5 1 2915 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 35.3 71 43.4 | 17866 0.0 6.0 - 808 | 583 | 1.38 1.0
BRB6.0 H 9.5-10 1 2915 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 35.1 70 43.4 | 17963 0.0 6.0 - 808 | 584 | 1.38 1.0
BRB2.0 H 10-10.5 2 2916 1 290 29000 | 183.8 2.00 316 15,5 | 31.0 5.7 5355 8.0 16.0 | 2.73 | 4944 | 29.6 59 171 8412 0.0 2.0 - 272 | 200 | 1.36 1.0
BRB2.0 H 10.5-11 2 2916 1 290 29000 | 183.8 2.00 316 15.5 | 31.0 5.7 5355 8.0 16.0 | 2.73 [ 4944 [ 29.6 59 17.1 8399 0.0 2.0 - 272 | 200 | 1.36 1.0
BRB6.0 H 10-10.5 1 2917 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 34.9 70 43.4 | 18062 0.0 6.0 - 808 | 585 | 1.38 1.0
BRB6.0 H 10.5-11 1 2917 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 34.9 70 43.4 | 18062 0.0 6.0 - 808 | 585 | 1.38 1.0
BRB2.0 H 15-15.5 2 2918 1 289 29000 | 181.8 2.00 319 15,5 | 31.0 5.7 5355 8.0 16.0 | 2.73 | 4944 | 30.0 60 171 8288 0.0 2.0 - 274 | 201 | 1.37 1.0
BRB2.0 H 15.5-16 2 2918 1 289 29000 | 181.8 2.00 319 15.5 | 31.0 5.7 5355 8.0 16.0 | 2.73 [ 4944 [ 30.0 60 17.1 8301 0.0 2.0 - 274 | 201 [ 1.37 1.0
BRB6.0 H 15-15.5 1 2919 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 34.9 70 43.4 | 18031 0.0 6.0 - 808 | 585 | 1.38 1.0
BRB6.0 H 15.5-16 1 2919 1 298 29000 | 190.1 6.00 915 18.8 | 37.6 145 | 11159 0.0 0.0 0.00 - 34.9 70 43.4 | 18056 0.0 6.0 - 808 | 585 | 1.38 1.0
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ABSTRACT

Testing of four full-scale buckling-restrained braces (BRBs) for CoreBrace was
conducted using a shake table facility at the University of California, San Diego. All
specimens were tested in a subassemblage condition. The specimens each featured an
A36 steel yielding core plate with grout fill in hollow structural section (HSS). Each
specimen was bolt connected to gusset plates which were bolt connected to adapting
brackets at each end of the brace. One end of the brace was connected to a strong-wall,
and the shake table imposed both axial and transverse displacements to the other end of
the specimens. The AISC Standard Loading Protocol for BRB qualification and
additional High-Amplitude Loading Protocol tests were conducted for each specimen.
The Standard Loading Protocol was based on the 2010 AISC Seismic Provisions for
Structural Steel Buildings. The High-Amplitude Loading Protocol imposed deformation
demand on the BRB specimens that was significantly greater than that prescribed in the
AISC Seismic Provisions. In addition to axial deformation, transverse deformation was
imposed to the specimens to simulate the rotational deformation demand on the brace
within a frame subassemblage.

All specimens preformed well under the Standard Loading Protocol by exhibiting
stable hysteretic behavior and dissipating a significant amount of energy. Under the
High-Amplitude Loading Protocol, stable hysteretic response was maintained up to core
fracture or test termination. The steel core plates of Specimens 2P, 3P, and 5P ruptured
during the High-Amplitude Loading Protocol. Specimen 4P completed the full High-
Amplitude Loading Protocol but was not taken to failure.

All specimens achieved cumulative inelastic axial deformation values
significantly higher than 200A;, required by the AISC Seismic Provisions for uniaxial
brace specimens. All BRB subassemblage test specimens satisfied the acceptance criteria

given in Section K3.8 of the AISC Seismic Provisions.
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LIST OF SYMBOLS

Area of yielding element

Total hysteretic energy dissipated by brace

Total hysteretic energy dissipated by brace for the ith cycle

Young’s modulus of elasticity of steel

Elastic strain energy for the ith cycle

Actual or measured yield strength of steel core (average of coupon tests)
Nominal yield strength of steel core

Secant stiffness for the ith cycle

Total length of brace

Length of yielding element

Maximum brace compressive force at effective or peak cyclic deformation
Actual brace yield force, F\.Asc

Nominal brace yield force, Fy,As.

Resultant axial brace force

Material overstrength factor, Fy/F,

Maximum brace tensile force at effective or peak cyclic displacement
Compression strength adjustment factor, P,,q/T nax

Axial brace deformation

Deformation quantity used to control loading of test specimen

Value of deformation quantity, A, corresponding to the design story drift

Value of deformation quantity, A, at first significant yield of test specimen

X
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Maximum tensile axial deformation for the i cycle
Absolute value of the maximum compressive axial deformation for the i cycle
Effective cyclic axial deformation amplitude for the i cycle

Axial brace strain

Cumulative inelastic axial deformation (CID), based on cyclic deformation
Cumulative inelastic axial deformation (CID), based on hysteretic energy
Inelastic axial deformation of the i cycle

Tension strength adjustment factor, 7nq/Pyq

Equivalent viscous damping
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1. INTRODUCTION

1.1 General

Provisions for buckling-restrained braced frames (BRBF) design and buckling-
restrained braces (BRB) qualifying cyclic testing have been incorporated into the AISC
Seismic Provisions for Structural Steel Buildings (AISC 341-10). The AISC provisions
require subassemblage testing to verify the performance of BRBs. The subassemblage
testing demonstrates a BRB’s ability to accommodate combined axial and rotational

deformation demands imposed during a seismic event.

1.2 Scope and Objectives

Four full-scale BRBs developed by CoreBrace, LLC were tested at the University
of California, San Diego. The objective of this testing program was to evaluate the cyclic
performance of these BRBs based on the acceptance criteria of the AISC Seismic

Provisions.
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2. TESTING PROGRAM

2.1 Test Specimens

A total of four BRB specimens were tested. Each specimen was constructed with
a bolted connection at each end, and was composed of a steel core plate confined by a
minimum 5,000 psi grout inside an HSS section. Figure 2.1 shows the overall geometry

of test specimens. Table 2.1 provides specimen dimensions and the sizes of HSS sections.

2.2 Material Properties

A36 steel was specified for the core plates, and AS00 Grade B was specified for
the HSS. The results of tensile coupon tests of the core plates are summarized in Table
2.2. Based on the average measured yield strength (F),), the values of the material
overstrength factor, R, (= F\/F\,), and the brace yield force, as listed in Table 2.3, were

calculated.

2.3 Test Setup

The Seismic Response Modification Device (SRMD) Test Facility, a shake table
facility at the University of California, San Diego, was employed to subject the test brace
specimens to deformations prescribed by the AISC Seismic Provisions (AISC 341-10).
The SRMD facility, which has a shake table platen capable of imposing displacement in
six degrees of freedom, is shown in Figure 2.2. Figure 2.3 shows one specimen installed
in the setup and ready for testing. One end of the specimen was attached to the strong-
wall at the west end of the SRMD facility. The other end of the brace was attached to the
SRMD platen as shown in Figure 2.4. Movement of the shake table platen imposed both

axial and transverse deformations to the specimens.

2.4 End Connections

The BRBs were connected to gusset plates with a pair of connection plates, or lugs,
which were welded to the extended core plate at the ends of each brace. The lugs were
connected with 1-1/8in diameter ASTM F2280 grade tension controlled bolts (TC bolts)

to the gusset plate to create a slip-critical connection. Figure 2.5 provides a view of the




connection before and after the TC bolts are tensioned. This connection is designed to
resist slip up to the yield force of the brace. Therefore, bolt slip is encountered when
subjecting a brace to deformation amplitudes into the inelastic range. The implications of
the slip are discussed further in Section 2.5, and the slip amount was measured on all
braces with the instrumentation described in Section 2.6.

Figure 2.6 shows the end connection details of brace specimens, while Figure 2.7
shows the gusset details. The gusset plates were connected to adapting bracket by 1-1/2
in. diameter A490 high-strength bolts in double shear. The TC bolts connecting the brace
and gusset are the twist-off type typically used in the field and were used to minimize the
difference between the testing and as-built configurations of the braces. Bolt holes in the
lug plates were standard sized while those in the gusset plates were oversized, which

closely resembles the field condition.

2.5 Loading Protocol

According to the AISC Seismic Provisions, the design of BRBs shall be based
upon results from qualifying cyclic tests. Qualifying test results shall consist of at least
two successful cyclic tests: one is required to be a test of a brace subassemblage that
includes brace connection rotational demands and the other may be either a uniaxial or a
subassemblage test. In this testing program all tests were subassemblage tests, including
the transverse deformation associated with connection rotational demand.

According to Section K3.4c of the AISC Seismic Provisions, the following
loading sequence shall be applied to the test specimen, where the deformation is the steel
core axial deformation of the test specimen:

(1) 2 cycles of loading at the deformation corresponding to A, = 1.0A;,,
(2) 2 cycles of loading at the deformation corresponding to A, = 0.5As,
(3) 2 cycles of loading at the deformation corresponding to A, = 1.0A,,
(4) 2 cycles of loading at the deformation corresponding to A, = 1.5A,,
(5) 2 cycles of loading at the deformation corresponding to A, = 2.0A,,
(6) Additional complete cycles of loading at the deformation corresponding to A, =

1.5As,, as required for the brace test specimen to achieve a cumulative inelastic axial

deformation of at least 200 times the yield. T
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Note that the requirement of cumulative inelastic axial deformation is for uni-axial brace
testing, not subassemblage testing. The above loading sequence requires two quantities:
Apy and Ay, Apy is defined as the axial deformation at first significant yield of the
specimen, and Ay, corresponds to the axial deformation of the specimen at the design
story drift. In this testing program Ay, was assumed to equal 5.0A,,. This assumption was
based on the ASCE 7-10 value of C;= 5.0 while conservatively using ¢ = 1.0 (assuming
full utilization of brace). This is equivalent to using the previous provisions, ASCE 7-05,
with a C;=5.5 and ¢=0.9 (assuming 90% utilization of brace). Strictly speaking, for C; =
5.0 (as set in ASCE 7-10) the value of 2A;, would be slightly lower at 9.0A;, (=
2%5.0A,x0.9). The additional amount of conservatism from using ¢ = 1.0 was used to
provide loading protocols comparable to previous tests by the manufacturer.

The loading sequences for the AISC Standard Protocol are shown in Figure 2.8
and the target brace axial deformation of each specimen is provided in Table 2.4(a).
Although not required for the subassemblage testing, additional cycles (Item 6 above)
were applied to achieve the target cumulative inelastic axial deformations. An additional
High-Amplitude Loading Protocol sequence was then applied to impose greater
deformation demand on the BRB specimens. This High-Amplitude Loading Protocol is
shown in Figure 2.9 and Table 2.4(b). In the case that the brace does not fail during the
High-Amplitude Loading Protocol, the last amplitude cycle would be repeated until
fracture.

The calculation of A,, was based on the deformation expected over the brace
length. The effective brace length is taken as the length from the center of the gusset-to-
lug bolted connections at each end of the brace. To establish the value of A, the
following components were considered at the actual yield force level Py,:

(1) Deformation of the core plate in the yielding length, L, (see Figure 2.1 and Table
2.1(b) for L), and
(2) Deformation at each end of the core plate outside the yielding length.

Using the calculated Ay, value for each specimen (see Table 2.3), the total shake

table input displacement was established by adding additional components to account for

the following:
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(1) Elastic deformation of the gusset plates,

(2) Elastic deformation due to flexibility of the end supports and reaction wall at the
SRMD facility based on a known total system stiffness, and

(3) Anticipated bolt slippage within the oversized holes in the gusset and standard holes
in the lug plates.

The bolt slippage, although foreseen as an additional necessary displacement, was

difficult to predict. The exact force level at which the slip would occur and the exact slip

displacement amount were uncertain. The error between the predicted and the actual

behavior caused some brace deformation cycles to be slightly unsymmetrical.

Transverse displacements corresponding to the prescribed axial displacements
were calculated based on the plastic-hinge-to-plastic-hinge length, which is
approximately equal to the length L. shown in Figure 2.1, and represents the length
between the effective center of lateral rotation at each end of the brace. The brace is
assumed to be oriented within a frame at an angle of 50° from horizontal, with peak
rotations limited to 0.03 radians. With this assumption, the corresponding amplitudes for
the transverse movement of the shake table were established, as given in Tables 2.4.
Since the loading system is nominally rigid in the transverse direction, no additional
transverse displacement, accounting for system flexibility, was added when adapting the
target transverse deformations to shake table input transverse displacements.

Shake table peak input displacements for each cycle are provided in Table 2.5.
Figure 2.8 and Figure 2.9 show that the transverse movement is in phase with the axial

movement in order to simulate realistic frame action effects at the gusset connections.

2.6 Instrumentation

Two string potentiometers labeled L/ and L2 and several linear voltage
displacement transducers were used to measure the axial deformation of the brace
specimens. The linear displacement transducers L3 through LI/0 served as redundant
measures of the deformations, and proved useful when some instrument mountings were
compromised during large sudden force changes during the bolt slip of the lug-to-gusset
connections. The bolt slip transducers, which are labeled L/2 and LI3, measure the

relative displacement of the gusset plate and lug plate on either side of the brace.




Additional displacement transducers, LI/ and LI2, were also used to measure
deformation of the brace lug, which is insignificant with respect to the brace deformation.
Figure 2.10 provides a schematic layout of the instrumentation while Figure 2.11 displays
a photo of a typical brace instrumentation setup.

The brace forces were measured by the load cell in each of the four actuators that
drove the shake table and were recorded by the system. The resultant force components
in both the axial and transverse directions were then computed from these measured

forces, however the transverse forces were found to be insignificant for all specimens.

2.7 Data Reduction
Brace Axial Deformation, A

In the following chapter, the brace axial deformation, A, corresponding to the
average of those measured by displacement transducers is reported. The brace axial strain

was calculated as:

SZL— 2.1

y
where L, equals the length of the steel core plate yielding zone (see Figure 2.1). The
brace axial deformation is also normalized by the yield deformation. Note that A includes

some minor elastic deformation of the brace beyond the yielding length, L,.

Brace End Rotation
The brace end rotation is computed by dividing the measured table transverse

movement by the brace plastic-hinge-to-plastic-hinge length.

Resultant Brace Force, P,

The resultant axial force in the brace, P,, was calculated as the square root of the
sum of the squares of the measured axial and transverse forces. However, the lateral force
component was found to be an insignificant influence on the overall resultant force for

each brace.
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Tension and Compression Strength Adjustment Factors, ® and B
The AISC Seismic Provisions defines the tension and compression strength

adjustment factors ® and B, respectively, as follows:

a)_ Tmax — Tmax (2 2)
P ya Fya Asc .
Pmax
p= o (2.3)

where F, = measured yield stress, and A, = area of the yielding segment of core plate.

The forces T,, and P,

max

are typically the tension and compression forces

achieved at equal and opposite peak tensile and compressive deformations during a
symmetric axial deformation cycle, as shown in Figure 2.12(a). As discussed in Section

2.4, connection bolt slip often lead to non-symmetric cycles in testing, and a combination

or P

X max °*

of T. or P and T,

max

as defined in Figure 2.12(b) and (c), are used to

calculate the strength adjustment factors per Equations 2.2 and 2.3.

*

Note that the forces T and P,  differ only slightly from the actual maximum

compressive force achieved in this test program. Specimen 4P, however, was subjected to
non-symmetric cycles where the peak tensile and compressive deformations differ by a
non-trivial amount (see Section 3.4). Therefore, it is not appropriate to report the strength
adjustment factors with respect to the typical axial deformation amplitude. Instead,  and
o are reported with respect to an effective axial deformation, Ay as defined in Figure
2.13.

AISC Seismic Provisions limit f to a value of 1.3 within the AISC Standard
Loading Protocol cycles with deformation greater than A,,. The observed [, and w, at all

axial deformation levels are provided in Section 3.

Hysteretic Energy, Ej,
The area enclosed by the P, versus A hysteresis loops represents the hysteretic

energy dissipated by the brace:
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Cumulative Inelastic Axial Deformations, 1, and 1,

Consider the i™ cycle at a deformation level greater than the yield deformation.

The normalized total inelastic axial deformation for that cycle is given by:

2M+xt4

A

1= 2.5)

by
where A; and A, are the values of the maximum and minimum deformations,

respectively, for the it cycle, and Ay, is the brace yield deformation. The deformation-
based cumulative inelastic axial deformation, 77,,, is determined by the summation of the
normalized inelastic axial deformation for each of the i™ cycles:

Mo =2 4, (2.6)

For uniaxial testing of BRBs, the AISC Seismic Provisions requires that a value of
n at least 200 be achieved for brace qualification. For comparison purposes, the n values
will be presented in the following section.

Alternatively, the cumulative inelastic deformation (CID) is also calculated as a
normalization of the cumulative dissipated energy,
__E,
CPA,

Mg 2.7

Figure 2.14 provides a diagram describing the energy-based ductility measure. The
calculation assumes an elastic-perfectly-plastic hysteretic response, while the
deformation-based approach (Equations 2.5 and 2.6) neglects the Bauschinger effect of
the hysteretic response. The energy-based approach may be more appropriate for tracking
a damage index for predictive failure. The deformation-based approach is the typical

measure utilized in the AISC 2010 prequalification of BRBs for use in BRBF buildings.
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Equivalent Viscous Damping, Coq i

The hysteretic energy within the i™ cycle, Ej;, can be thought of as providing an
amount of structural damping, or the equivalent viscous damping, for that cycle. This
relationship is proportional to the ratio of Ej;; and the elastic strain energy, Ey;, for each
cycle and is calculated as (Chopra 2007):

é‘ = Ehi — Ehi
T 4AnE, 27K, A

si avg,i

2.7)

where Ej; = elastic strain energy at peak deformation, K.z; = secant stiffness, and A,,g; is

the average brace deformation. Figure 2.15 displays these parameters graphically.




Table 2.1 Specimen Dimensions

(a) Core Plate and Casing Size
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Specimen Wl WL W2 t 5¢ Core HS.S Size
(in.) (in.) (in.) (in.) Plate (in.)
2P 4-3/4 7-1/8 4 3/4 Flat HSS 8x8x3/16
3P 8-9/16 8-7/8 7-3/16 1-1/4 Flat HSS 10x10x1/4
4P 7-3/8 11-3/8 10-5/16 1-3/4 Flat HSS 14x14x5/16
5P 8172 13-1/2 12 2-1/4 Flat HSS 16x16x5/16
(b) Lengths

Specimen (il;lb.) (il;f.) (il;ly.) (iLnL.) (iﬁ.) (iLnT.)
2P 255-3/4 222-3/4 199-3/4 9-1/4 3 15-3/4
3P 255-1/16 204-15/16 | 177-11/16 | 17-13/16 4 16-7/8
4P 254 189-1/8 166-1/16 25-3/16 4 14-13/16
5P 253-2/16 185-3/16 160-9/16 25-3/4 5 15-9/16

(c) Bolting
‘ Lug P"L Gusset‘ PL Rows of s 2 2,
Specimen Holg Diam. Holg Diam. Bolts (in) (in.) (in)
(in.) (in.)

2P 1-3/16 1-7/16 2 5 1-15/16 -
3P 1-3/16 1-7/16 5 3-1/4 2-13/16 -
4P 1-3/16 1-7/16 9 2-5/8 2-9/16 1-172
5P 1-3/16 1-7/16 12 1-15/16 | 2-13/16 | 2-5/16

10
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Table 2.2 Mechanical Properties of Core Plates

Coupon Average
: Elong.*
Specimen | Heat No. Fyq F,. FuilFya (%)
(ksi) (ksi) ?
2P NW2189 44.6 68.2 1.53 36.0
3P NW1859 41.8 66.9 1.60 39.5
4P NT4530 40.2 69.7 1.74 30.8
5P S10122 39.9 66.9 1.68 35.0

“Elongation is based on 2 in. gage length

Table 2.3 Yield Strength and Deformation

. Asc Fya Pyn Pya Aby
specimen | oy | ksi) | R | (kips) | (kips) | (i)
2P 30 | 446 | 124 | 108 | 1338 | 034

3p 90 | 418 | 1.16 | 324 | 3762 | 0.29
4P 180 | 402 | 1.12 | 648 | 7236 | 027
5P 270 | 399 | .11 | 972 | 10773 ] 0.26

11



Table 2.4 Target BRB Deformations
(a) Standard Loading Protocol
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Axial Deformation (in.) Transverse Deformation (in.)
Specimen Number of Cycles Number of Cycles
2 2 2 2 2 2 2 2 2 2 2 2
2P 0.3410.84 | 1.68 | 2.52 [ 3.35| 2.52 | 0.40 | 1.00 | 2.02 | 3.04 | 4.08 | 3.04
3P 0.2910.73 145|218 (290 | 2.18 | 0.35]0.87 | 1.75 | 2.63 | 3.53 | 2.63
4P 0.27 10.67 | 1.34 | 2.02 {2.69| 2.02 | 0.32 ] 0.80 | 1.62 | 2.44 | 3.26 | 2.44
5P 0.26 | 0.65 | 1.31 | 1.96 | 2.62 | 1.96 | 0.29 | 0.73 | 1.47 | 2.21 | 2.96 | 2.21
(b) High-Amplitude Loading Protocol
Axial Deformation (in.) Transverse Deformation (in.)
. Number of Cycles Number of Cycles
Specimen . Unl
R T S N T I S I SO - I A ntl
fracture fracture
2P 419 | 5.03 | 5.87 | 6.71 6.71 5.12 | 6.18 | 6.87 | 6.89 6.89
3P 3.63 | 435 | 5.08 | 5.81 5.81 443 | 534 | 6.26 | 6.32 6.32
4P 3.36 | 4.03 | 470 | 5.37 537 | 4.10 | 494 | 5.79 | 5.86 5.86
5P 327 | 393 | 458 | 5.24 5.24 372 | 448 | 5.25 | 5.85 5.85

12




Table 2.5 Shake Table Input Displacements

(a) Standard Loading Protocol
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Axial Deformation (in.) Transverse Deformation (in.)
Specimen Number of Cycles Number of Cycles
2 2 2 2 2 2 2 2 2 2 2
2P 0421241208292 (375|292 |0.40|1.00]|2.02|3.04]|4.08|3.04
3P 0.60 | 1.54 240|274 | 346 | 2.74 | 035 0.87 | 1.75 | 2.63 | 3.53 | 2.63
4P 0.62|135(2.04|272(339|272032]0.80|1.62 (244 |3.26|2.44
5P 0.55|1.34 (203|270 (337|270 |031]0.78|1.58|2.37]|3.18 | 2.37
(b) High-Amplitude Loading Protocol
Axial Deformation (in.) Transverse Deformation (in.)
. Number of Cycles” Number of Cycles®
Specimen - -
’ > > ’ Until ) > ’ ’ Until
fracture fracture
2P 458 | 541 | 6.18 | NA NA 5.12 | 6.18 | 6.87 | NA NA
3P 5.02 | 594 | 6.31 | NA NA 358 | 429 | 6.32 | NA 6.32
4P 393 | 459 | 524 | 592 NA 4.10 | 494 | 579 | 5.86 NA
5P 4.02 | 478 | NA | NA NA 4.00 | 465 | NA | NA NA

*NA = Not Applied

13
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3. TEST RESULTS

Introduction

For each of the test specimens, the following results are presented for the

Standard and High-Amplitude Loading Protocols. In addition to showing results for each

loading protocol for each specimen, these results are also combined in another set of plots

to demonstrate the accumulative effects.

ey

2)

3)

“)

®)

(6)

(7

A table summarizing the forces and their corresponding strength adjustment factors,
as described in Section 2.7. In general, the brace axial deformation refers to the
average deformation measured by displacement transducers L/ and L2 shown in
Figure 2.11. The table also reports the deformation in terms of core axial strain and
multiple of brace yield deformation. Some specimens utilize the displacement
transducers attached to the sides, top, and bottom of the brace casing, see Section
2.6.

A table reporting the cumulative ductility and equivalent viscous damping values
associated with each cycle.

Measured brace displacement time histories in the axial and transverse directions:
These displacements represent the actual axial deformation and end rotation
demand experienced by the brace specimen.

Brace resultant force (P,) versus brace axial deformation (A) plot: The calculation
of the brace resultant force was presented in Section 2.7.

Hysteretic energy (Ej) time history: The hysteretic energy was computed in
accordance with Eq. 2.4.

Tension strength adjustment factor () versus brace axial deformation plot: The
calculation of  is based on Eq. 2.2. and described in Section 2.7

Compression strength adjustment factor () versus brace axial deformation plot: See
Eq. 2.3 for the description of the calculation of B, and Section 2.7 for a description
of variations of this parameter. The fluctuation of B with respect to the brace axial
deformation (A) beyond A,, for the Standard and High-Amplitude Loading

Protocols is also presented.
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3.2 Specimen 2P

Specimen 2P was tested on April 12, 2012. Figure 3.1 shows the specimen prior
to testing. The specimen performed well during the Standard Loading Protocol test.
Stable hysteretic response was observed during the High-Amplitude Loading Protocol
test until a slight decline in the tensile strength was observed at peak tension of the first
17.5A;, cycle, indicating that the core plate had began to experience necking The
following compression excursion exhibited a significant drop in the resisting force, and
therefore the test was terminated (see Figure 3.8). The value of 8 for the final cycle is not
meaningful, since the peak compressive table displacement was not attained before the
test was stopped.

An adjustment to the force, recorded during testing, was required for this
specimen which involves the SRMD shake table facility. The SRMD shake table is
primarily a steel platen which rests on hydrostatic bearings that vertically support it and
the specimen. This system has an inherent friction force that must be overcome by the
machine in order to move the platen and deform the specimen. Figure 3.3 shows this
friction force as recorded while the machine moved the table, without a specimen
installed, through the Standard Protocol (an empty table run). The average friction forces
of 5.8 kips and 9.3 kips in the tension direction compression directions, respectively, are
each a small fraction of the SRMD capacity of approximately 2,000 kips. However, the 3
in® core plate of Specimen 2P exhibited yield and maximum brace forces of
approximately 133.8 and 213 Kkips, respectively. Therefore, it was necessary to remove
the friction forces from the recorded brace forces as they were deemed non-trivial with
respect to the yield and maximum forces. The idealized friction force, shown in Figure
3.3, was used to adjust the resultant brace force for Specimen 2P. It should be noted that
removal of this idealized force is a simplification and may have some effect on the
reported overstrength values for this particular brace.

The following results are presented for Specimen 2P:

(1) Standard Loading Protocol test: Figure 3.4 to Figure 3.6,

(2) High-Amplitude Loading Protocol test: Figure 3.7 to Figure 3.9,
(3) Combined tests: Figure 3.10 to Figure 3.12,

(4) Response envelope: Figure 3.13,
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(5) B, ®, and B values: Table 3.1, Figure 3.14, Figure 3.15, and
(6) mp and ., values: Table 3.2.

3.3 Specimen 3P

Specimen 3P was tested on March 29, 2012. Figure 3.16 shows the specimen
prior to testing. The specimen performed well during the Standard Loading Protocol test.
Note, a value for B is not meaningful for the 2nd cycle of the Standard Protocol test. The
gusset-to-lug connection bolt slip occurred earlier than predicted and the 1A,, brace
deformation target was not obtained, as the input motion did not account for the hole-
oversize at this amplitude. Therefore, the peak compression force and deformation are
much lower than the corresponding tension values.

A mistake was made during displacement input to the machine for the High-
Amplitude Loading Protocol test. The prescribed longitudinal table displacements were
input as transverse, and vice versa. After four stable hysteretic cycles of the modified
High-Amplitude Loading Protocol, the test was stopped, and restarted with a Fracture
Protocol which was composed of 20Aj, constant amplitude cycles, and included
transverse displacements corresponding to a brace rotation of 0.03 rad. When testing
resumed, slight necking was observed at the first tension peak at 20A,,. Then upon very
nearly completing the cycle the core plate fractured, and the test was terminated.

The following results are presented for Specimen 3P:

(1) Standard Loading Protocol test: Figure 3.18 to Figure 3.20,

(2) High-Amplitude Loading Protocol test: Figure 3.21 to Figure 3.23,
(3) Fracture Loading Protocol test: Figure 3.24 to Figure 3.26,

(4) Combined tests: Figure 3.27 to Figure 3.29,

(5) Response envelope: Figure 3.30,

(6) B, ®, and Bw values: Table 3.3, Figure 3.31, Figure 3.32, and

(7) mp and ., values: Table 3.4.
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3.4 Specimen 4P

Specimen 4P was tested on April 5, 2012. Figure 3.33 shows the specimen prior
to testing. The specimen performed well during the Standard Loading Protocol test and
also provided stable hysteretic response through the full High-Amplitude Loading
Protocol test. Note the large sudden force drops throughout the test (see Figure 3.36 and
Figure 3.39), caused by the gusset-to-lug connection bolt slip. Because the very large
release of energy associated with fracturing a brace at a very large force, the brace was
not taken to fracture. This was decided in consideration of the SRMD machine, as the
released energy can potentially damage the system.

During the Standard Loading Protocol, bolt slip caused many instruments,
measuring brace deformation, to become disconnected. The Standard Protocol ended with
a tensile excursion from the final compression peak towards zero, therefore the bolts
remained in bearing at the end of the first test. This permitted a residual tensile force in
the brace. The remaining tensile force was required to be released in order to safely repair
the instruments for the remaining protocols. Additionally, it was decided to begin the
High Amplitude Protocol from zero residual brace deformation, and therefore the brace
was subjected to a small tensile deformation and then permitted to relax elastically to
approximately zero residual deformation. The instrumentation was then repaired and
adjustments to the High Amplitude Protocol machine input file were made in an attempt
to achieve symmetric brace deformation cycles. During these adjustments, it was
assumed that the bolt slip would continue to occur approximately equal on both tension
and compression excursions. However, since the Standard Protocol ended with the bolts
in bearing in the tension direction, the entire slip, equal to the total bolt hole oversize for
both connections, actually occurred on the compression excursions only. This resulted in
fairly non-symmetrical cycles in the High Amplitude Protocol Test, which were skewed
to the tension deformation side of each cycle.

A consequence of the skewed cycles is an abnormal measure of the compression
strength adjustment factor, B, as typically measured (see Figure 2.12). In an effort to
provide an estimate of B which is more comparable to those of typical symmetric cycles,

Table 3.7 reports a B value which is measured from the maximum and minimum forces
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recorded for each cycle. This measure is then associated with an effective cyclic

deformation amplitude calculated as:

A +A

A
eff 2

(3.1)

where A" and A are defined in Figure 2.13. Table 3.7 reports these strength
adjustment factors with respect to the effective axial deformation amplitude, Ay, for the
High Amplitude Loading Protocol as well as the factors from the Standard Loading

Protocol. Therefore, the values in Table 3.7 are exactly those in Table 3.5 for the

Standard Protocol.
City of Puya_llgp )
The following results are presented for Specimen 4P: e ISSUED PERMIT
Building lanning
(1) Standard Loading Protocol test: Figure 3.35 to Figure 3.37, Engineering || Public Works
Fire Traffic

(2) High-Amplitude Loading Protocol test: Figure 3.38 to Figure 3.40,
(3) Combined tests: Figure 3.41 to Figure 3.43,

(4) Response envelope: Figure 3.44,

(5) B, ®, and Bw values: Table 3.5, Figure 3.45, Figure 3.46,

(6) mp and C,, values: Table 3.6, and

(7) ® and B values corresponding to A, Table 3.7.

3.5 Specimen 5P

Specimen 5P was tested on April 10, 2012. Figure 3.47 shows the specimen prior
to testing. The specimen performed well during the Standard Loading Protocol test. The
specimen exhibited stable hysteretic response during the High-Amplitude Loading
Protocol test until the core plate ruptured, within the restraining HSS portion, during the
second cycle at 15A;,. Afterwards, it was decided to compress the specimen to the
corresponding 15A;,, deformation without returning to zero displacement (see Figure
3.53). This facilitated removal of the brace, as there was a significant compressive
residual force, and in a sense completed the 15A,, cycle thereby achieving more
cumulative ductility. This also demonstrates that the specimen retained its compressive
strength despite having clearly fractured in tension.

The following results are presented for Specimen 5P:

(1) Standard Loading Protocol test: Figure 3.49 to Figure 3.51,
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(2) High-Amplitude Loading Protocol test: Figure 3.52 to Figure 3.54,
(3) Combined tests: Figure 3.55 to Figure 3.57,

(4) Response envelope: Figure 3.58,

(5) B, ®, and B values: Table 3.8, Figure 3.59, Figure 3.60, and

(6) mp and ., values: Table 3.9.
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Table 3.1 Specimen 2P Strength Adjustment Factors

Brace Deformations

Test Cycle T,‘,ma P,‘,ma B © Bo Longitudinal Transverse

No. (kips) | (kips) Effective Cycle Amplitude | Cycle Amplitude

(in.) (%) (Apy) (in.) (rad)

1 133 -135 1.02 0.99 1.01 0.39 0.20 1.1 0.40 0.002

§ 2 129 -134 1.04 0.96 1.00 0.39 0.20 1.1 0.40 0.002
% 3 131 -144 1.10 0.98 1.08 1.21 0.61 3.6 1.00 0.004
& 4 131 -152 | 1.16 098 114 | 121 061 36 | 1.00 0004
g 5 148 -174 1.18 1.11 1.30 2.04 1.02 6.0 2.02 0.009
§ 6 156 -177 1.13 1.17 1.32 2.04 1.02 6.0 2.02 0.009
i) 7 164 -195 1.19 1.23 1.46 2.85 1.43 8.4 3.04 0.014
'cé 8 171 -196 1.15 1.28 1.46 2.86 1.43 8.4 3.04 0.014
% 9 175 -210 1.20 1.31 1.57 3.66 1.83 10.8 4.08 0.018
8 10 178 -212 1.19 1.33 1.58 3.67 1.83 10.8 4.08 0.018
< 11° 173 -191 1.10 1.29 1.43 2.85 1.43 8.4 3.04 0.014
12° 171 -191 1.12 1.28 1.43 2.86 1.43 8.4 3.04 0.014

. 13 184 -228 1.24 1.38 1.70 4.47 2.24 13.1 5.12 0.023
g § 14 189 -233 1.23 1.41 1.74 4.47 2.24 13.1 5.12 0.023
TS| 15 193 25 | 133 144 191 | 525 263 154 | 618  0.028
el 16 194 266 | 137 145 199 | 524 262 154 | 618  0.028
17 181 -213 - 1.35 - 2.97 1.48 8.7 6.87 0.031

* See Section 2.7 and Figure 2.12

® Can be neglected in regression analysis
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Table 3.2 Specimen 2P Cumulative Ductility and Equivatent-viscousDariping
Brace Axial Longitudinal
Forces Brace Deformations
Test Cycle ) A_avg Kejf _Eh{ Ceq
No. Trax Poax A Apin (Apy) (in) (kip/in) | (kip-in) (%)
aps) | W 7600 T @ | ) | o)

1 133 -136 0.39 0.19 -0.39 -0.20 0 0.39 345.5 41 12.5
§ 2 129 -134 0.39 0.20 -0.39 -0.20 0 0.39 337.2 48 14.9
«g 3 133 -143 1.21 0.61 -1.21 -0.61 10 1.21 114.0 419 39.9
i 4 132 -152 1.21 0.61 -1.21 -0.61 20 1.21 1174 408 37.8
._g 5 149 -174 2.04 1.02 -2.04 -1.02 40 2.04 79.2 874 42.2
é’ 6 156 -177 2.05 1.02 -2.04 -1.02 61 2.05 81.60 899 41.9
<) 7 164 -195 2.86 1.43 -2.85 -1.43 90 2.86 62.8 1435 44.6
'g 8 171 -196 2.86 1.43 -2.86 -1.43 120 2.86 64.0 1456 44.3
% 9 175 -210 3.71 1.86 -3.67 -1.84 159 3.69 52.2 2035 45.6
8 10 179 2212 3.71 1.86 -3.67 -1.84 199 3.69 52.9 2055 454
< 11 174 -191 2.86 1.43 -2.86 -1.43 228 2.86 63.9 1472 44.8
12 172 -190 2.87 1.44 -2.86 -1.43 258 2.87 63.3 1463 44.8
. 13 185 =227 4.53 2.27 -4.47 -2.24 307 4.50 45.8 2691 46.2
g‘ g 14 190 232 4.53 2.27 -4.47 -2.24 356 4.50 46.9 2746 46.0
j g 15 194 -255 5.37 2.69 -5.26 -2.63 414 5.32 42.3 3470 46.2
-éﬁ & 16 196 2266 5.38 2.69 -5.25 -2.63 473 5.32 433 3552 46.2
17 196 213 6.24 3.12 -4.41 -2.21 532 5.33 38.4 2994 43.8
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Table 3.3 Specimen 3P Strength AdjustmetrttFaetors

Brace Deformations
Test Cycle | Tuw' | Puax' B © Bo Longitudinal Transverse
No. (kips) | (kips) Cycle Amplitude Cycle Amplitude
(in.) (%) (Apy) (in.) (rad)
1 373 -367 0.98 0.99 0.98 0.31 0.17 1.1 0.35 0.002
2% 337 -171 - 0.90 0.45 0.18 0.10 0.6 0.35 0.002

370 -377 1.02 0.98 1.00 0.79 0.44 2.7 0.87 0.004
372 -385 1.03 0.99 1.02 0.78 0.44 2.7 0.87 0.004

380 -430 1.13 1.01 1.14 1.50 0.84 5.2 1.75 0.009
414 -444 1.07 1.10 1.18 1.50 0.84 5.2 1.75 0.009

435 -485 I.11 1.16 1.29 2.18 1.22 7.5 2.63 0.013
449 -494 1.1 1.19 1.31 2.17 1.22 7.5 2.63 0.013

O |0 Q| |k~ W

467 -529 1.13 1.24 1.41 2.86 1.61 9.9 3.53 0.017
10 477 -537 1.13 1.27 1.43 2.86 1.61 9.8 3.53 0.017

AISC Standard Loading Protocol

11° 468 -506 1.08 1.24 1.35 2.16 1.21 7.4 2.63 0.013
12° 459 -501 1.09 1.22 1.33 2.16 1.21 7.4 2.63 0.013

Sy 13 499 -604 1.21 1.33 1.61 4.37 2.46 15.1 3.58 0.017
é g 14 522 -616 1.18 1.39 1.64 4.37 2.46 15.1 3.58 0.017
8 15 538 -651 1.21 1.43 1.73 5.26 2.96 18.1 4.29 0.021
= A~ 16 545 -663 1.22 1.45 1.76 5.28 2.97 18.2 4.29 0.021
Fract. 17 537 -721 1.34 1.43 1.92 5.55 3.12 19.1 4.29 0.021

* See Section 3.3 for details.
* See Section 2.7 and Figure 2.12
® Can be neglected in regression analysis
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Table 3.4 Specimen 3P Cumulative Ductility and Equivatent-viscousDariping
Brace Axial Longitudinal
Forces .

Test Cycle Brace Deformations o A@g .I(e].f .E’”'. Ceg

No. T Prax A A (Apy) (in) | (kip/in) | (kip-in) | (%)
(ips) | (kips) e T ) | | @)

1 373 -371 0.31 0.18 -0.53 -0.30 2 0.42 880.8 176 18.0
§ 2 337 -364 0.18 0.10 -0.53 -0.30 2 0.36 992.1 119 15.2
% 3 373 -380 0.79 0.44 -0.83 -0.47 9 0.81 461.8 698 36.7
i 4 375 -386 0.78 0.44 -0.83 -0.47 16 0.81 467.4 693 36.4
._5 5 381 -431 1.64 0.92 -1.50 -0.85 34 1.57 258.6 1744 43.5
§ 6 415 -444 1.61 0.91 -1.50 -0.85 51 1.56 275.5 1779 42.5
e 7 438 -485 2.33 1.31 -2.19 -1.23 78 2.26 204.3 2951 45.0
'§ 8 452 -494 2.31 1.30 -2.17 -1.22 105 2.24 210.2 3000 45.3
% 9 469 -530 3.02 1.70 -2.86 -1.61 142 2.94 169.8 4297 46.6
8 10 480 -538 3.00 1.69 -2.86 -1.61 178 2.93 173.7 4327 46.2
< 11 469 -507 2.28 1.29 -2.16 -1.22 205 2.22 219.5 3038 44.7
12 461 -502 2.29 1.29 -2.16 -1.21 232 2.23 216.4 2992 44.5
o 13 499 -606 4.56 2.57 -4.36 -2.46 289 4.46 123.8 7534 48.7
g g 14 524 -617 4.54 2.56 -4.37 -2.46 346 4.46 128.0 7787 48.8
RS 15 539 -652 5.46 3.07 -5.26 -2.96 416 5.36 111.0 9896 494
T A~ 16 546 -664 5.46 3.08 -5.26 -2.96 486 5.36 112.7 10033 49.3
Fract. 17 566 -721 5.85 3.29 -5.55 -3.12 561 5.70 112.7 11259 48.9

* See Section 3.3 for details.
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Brace Deformations

Test Cycle T,‘,ma P,',w,xa B (o Bo Longitudipal Transverse

No. (kips) | (kips) Cycle Amplitude Cycle Amplitude

(in.) (%) (Apy) (in.) (rad)

1 748 -705 0.94 1.03 0.97 0.47 0.28 1.7 0.32 0.002

g 2 720 -720 1.00 1.00 1.00 0.46 0.28 1.7 0.32 0.002
IS 3 766 -817 1.07 1.06 1.13 1.18 0.71 4.4 0.80 0.004
‘:0 4 820 -869 1.06 1.13 1.20 1.16 0.70 4.3 0.80 0.004
-‘g 5 883 -961 1.09 1.22 1.33 1.81 1.09 6.7 1.62 0.009
§ 6 917 -975 1.06 1.27 1.35 1.83 1.10 6.8 1.62 0.009
o 7 943 -1024 1.09 1.30 1.42 2.25 1.35 8.3 243 0.013
-cé’ 8 962 -1034 1.07 1.33 1.43 2.28 1.37 8.4 2.44 0.013
%‘ 9 984 -1083 1.10 1.36 1.50 2.68 1.61 9.9 3.26 0.017
Q 10 1001 -1081 1.08 1.38 1.49 2.67 1.61 9.9 3.26 0.017
= 11° 984 -1015 1.03 1.36 1.40 2.00 1.20 7.4 2.44 0.013
12° 964 -1008 1.05 1.33 1.39 2.00 1.20 7.4 243 0.013

. 13 1015 -1147 1.13 1.40 1.59 2.68 1.61 9.9 4.10 0.022
S 14 1041 -1149 1.10 1.44 1.59 2.68 1.61 9.9 4.10 0.022
% 15 1057 -1202 1.14 1.46 1.66 3.32 2.00 12.3 4.94 0.026
5?; 16 1071 -1204 1.12 1.48 1.66 3.32 2.00 12.3 4.94 0.026

g* 17 1088 -1246 1.15 1.50 1.72 3.95 2.38 14.6 5.79 0.03

j 18 1099 -1242 1.13 1.52 1.72 3.96 2.38 14.6 5.79 0.03
.é‘) 19 1104  -1277 1.16 1.53 1.76 4.63 2.79 17.1 5.86 0.031
20 1114 -1275 1.14 1.54 1.76 4.64 2.79 17.2 5.84 0.031

* See Section 3.4 for details.

* See Section 2.7 and Figure 2.12

® Can be neglected in regression analysis
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

lanning

Engineering

Public Works

Fire
1 4+ \ o

Traffic
N

Table 3.6 Specimen 4P Cumulative Ductility and Equivatert-ViseoasDamping
Brace Axial Longitudinal
Forces .
Test Cycle Brace Deformations o A_avg .K"Jf _Eh{ -
No. T, . P, — v (Apy) (in) (kip/in) | (kip-in) (%)
oo | W) 76 T @ | G | @)

1 765 =757 0.47 0.28 -0.51 -0.29 3 0.49 1588.6 517 22.6

§ 2 721 -728 0.46 0.28 -0.51 -0.29 6 0.49 1507.4 539 24.6
g 3 770 -818 1.18 0.71 -1.23 -0.70 19 1.21 657.9 2428 40.3
& 4 820 -870 1.17 0.70 -1.22 -0.69 32 1.20 707.0 2420 38.2
._%D 5 883 -966 1.85 1.04 -1.90 -1.07 55 1.88 492.0 4650 42.7
s 6 919 -976 1.85 1.10 -1.90 -1.09 78 1.88 506.2 4747 42.6
—g 7 945 -1029 2.31 1.35 -2.37 -1.35 107 2.34 421.9 6488 44.7
-Cué 8 964 -1036 2.31 1.37 -2.37 -1.37 137 2.34 426.8 6584 44.7
% 9 985 -1092 2.72 1.62 -2.92 -1.65 173 2.82 367.5 8441 45.8
8 10 1003 -1093 2.73 1.61 -2.92 -1.65 208 2.83 370.5 8553 45.9
=z 11 986 -1027 2.04 1.20 -2.28 -1.28 234 2.16 465.8 5992 43.9
12 966 -1020 2.04 1.20 -2.28 -1.28 259 2.16 458.4 5916 43.8

13 1047 -1149 4.06 2.45 -2.67 -1.61 295 3.37 325.7 10870 46.8

% 14 1066 -1151 4.05 2.44 -2.68 -1.61 331 3.37 329.5 11071 47.3
%) 15 1082 -1204 4.75 2.86 -3.31 -1.99 376 4.03 283.5 13881 47.9
> 16 1093 -1205 4.75 2.86 -3.32 -2.00 421 4.04 284.8 13992 48.0
g* 17 1106 -1248 543 3.27 -3.95 -2.38 475 4.69 250.8 17023 49.1
E 18 1113 -1244 543 3.27 -3.95 -2.38 530 4.69 250.9 17066 49.1
-é” 19 1117 -1279 6.10 3.67 -4.63 -2.79 595 5.37 223.1 20137 49.8
20 1124 -1277 6.09 3.67 -4.64 -2.79 659 5.37 223.7 20134 49.7

* See Section 2.7 and Figure 2.15
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Table 3.7 Specimen 4P Alternative Strength A

City of Puyallup

ISSUED PERMIT
Building lanning

Development & Permitting Services

Engineering Public Works

Fire Traffic
4+ 4 I 4

Sttt 1 acitors

Brace Deformations

Test Cycle T,‘,ma P,',w,xa B (o Bo Longitudipal Transverse
No. (kips) | (kips) Cycle Amplitude Cycle Amplitude
(in.) (%) (Apy) (in.) (rad)
1 748 -705 0.94 1.03 0.97 0.47 0.28 1.7 0.32 0.002
g 2 720 -720 1.00 1.00 1.00 0.46 0.28 1.7 0.32 0.002
IS 3 766 -817 1.07 1.06 1.13 1.18 0.71 4.4 0.80 0.004
a;ﬁ 4 820 -869 1.06 1.13 1.20 1.16 0.70 4.3 0.80 0.004
g 5 883 -961 1.09 1.22 1.33 1.81 1.09 6.7 1.62 0.009
§ 6 917 -975 1.06 1.27 1.35 1.83 1.10 6.8 1.62 0.009
e 7 943 -1024 1.09 1.30 1.42 2.25 1.35 8.3 243 0.013
-§ 8 962 -1034 1.07 1.33 1.43 2.28 1.37 8.4 2.44 0.013
g 9 984 -1083 1.10 1.36 1.50 2.68 1.61 9.9 3.26 0.017
Q 10 1001 -1081 1.08 1.38 1.49 2.67 1.61 9.9 3.26 0.017
< 11° 984 -1015 1.03 1.36 1.40 2.00 1.20 7.4 2.44 0.013
12° 964 -1008 1.05 1.33 1.39 2.00 1.20 7.4 243 0.013
. 13 1047 -1149 1.10 1.44 1.58 3.37° 2.03 12.5 4.10 0.022
S 14 1066 -1151 1.08 1.47 1.59 3.37 2.03 12.5 4.10 0.022
% 15 1082  -1204 1.11 1.49 1.66 4.03 243 14.9 4.94 0.026
5:; 16 1093 -1205 1.10 1.51 1.66 4.04 2.43 14.9 4.94 0.026
g‘ 17 1106 -1248 1.13 1.52 1.72 4.69 2.82 174 5.79 0.03
j.é 18 1113 -1244 1.12 1.53 1.71 4.69 2.82 17.4 5.79 0.03
.é‘) 19 1117 -1279 1.14 1.54 1.76 5.37 3.23 19.9 5.86 0.031
20 1124  -1277 1.14 1.55 1.76 5.37 3.23 19.9 5.84 0.031

* Italicized values are based on effective axial deformation, defined in Figure 2.13
* See Section 2.7 and Figure 2.12

® Can be neglected in regression analysis
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City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building lanning

Engineering Public Works

Fire Traffic

Table 3.8 Specimen 5P Strength Adjustment Factors

Brace Deformations
Test Cycle T,‘,ma P,‘,ma B (o Bo Lon gitudipal Transver§e

No. (kips) | (kips) Cycle Amplitude Cycle Amplitude

(in.) (%) (Apy) (in.) (rad)

1 999 -1017 1.02 0.93 0.94 0.28 0.17 1.1 0.31 0.002

§ 2 956 -969 1.01 0.89 0.90 0.29 0.18 1.1 0.31 0.002
«g 3 1028 -1128 1.10 0.95 1.05 1.07 0.67 4.1 0.78 0.004
fi 4 1111 -1166 1.05 1.03 1.08 0.85 0.53 33 0.78 0.004
.g 5 1203 -1291 1.07 1.12 1.20 1.30 0.81 5.0 1.58 0.008
§ 6 1261 -1324 1.05 1.17 1.23 1.29 0.80 4.9 1.58 0.008
o 7 1327 -1452 1.09 1.23 1.35 1.91 1.19 7.3 2.37 0.013
'cés 8 1376 -1469 1.07 1.28 1.36 1.92 1.19 7.4 2.37 0.013
%’ 9 1427 -1577 1.11 1.32 1.46 2.55 1.59 9.8 3.18 0.017
8 10 1469 -1589 1.08 1.36 1.47 2.54 1.58 9.8 3.18 0.017
< 11° 1450 -1504 1.04 1.35 1.40 1.92 1.19 7.4 2.37 0.013
12° 1426 -1493 1.05 1.32 1.39 1.92 1.19 7.4 2.37 0.013

S 13 1485 -1669 1.12 1.38 1.55 3.18 1.98 12.2 4.00 0.021
g § 14 1532 -1687 1.10 1.42 1.57 3.18 1.98 12.2 4.00 0.021
@ r:% 15 1577 -1781 1.13 1.46 1.65 3.80 2.37 14.6 4.82 0.026
a» 16%* 1606 - - 1.49 0 1.86 1.16 7.2 4.58 0.025

* 17% - -1849 - - - - - - - -

* See Section 3.5 for details
* See Section 2.7 and Figure 2.12
® Can be neglected in regression analysis
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Building

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

lanning

Engineering

Public Works

Fire
1 4+ \ o

Traffic
N

Table 3.9 Specimen 5P Cumulative Ductility and Equivatert-viscousDamping
Brace Axial L
Forces Longitudinal
Test Cycle Brace Deformations .- A.avg Ke]ff Eh{ Coa
No. Trax Pax A A (Apy) (in) (kip/in) | (kip-in) (%)
(kips) | (kips)
(in.) (%) (in.) (%)
1 999 -1019 0.28 0.18 -0.32 -0.20 0 0.30 3342.0 251 13.3
s 2 956 -981 0.29 0.18 -0.31 -0.19 0 0.30 3200.2 275 15.2
% 3 1029 -1130 1.07 0.67 -1.09 -0.68 13 1.08 997.9 2957 40.4
-y 4 1112 -1168 0.85 0.53 -0.87 -0.54 22 0.86 1328.7 2196 35.6
._%D 5 1205 -1293 1.34 0.83 -1.30 -0.81 38 1.32 947.9 4229 40.8
§ 6 1263 -1326 1.34 0.84 -1.29 -0.80 54 1.32 984.9 4365 40.8
e 7 1329 -1454 2.01 1.26 -1.92 -1.20 81 1.97 708.0 7664 44.6
'§ 8 1378 -1472 2.00 1.25 -1.92 -1.20 107 1.96 726.7 7796 44 .4
;3‘3 9 1429 -1579 2.66 1.65 -2.55 -1.59 143 2.61 578.1 11493 46.6
8 10 1471 -1591 2.65 1.65 -2.54 -1.58 179 2.60 589.5 11653 46.7
< 11 1452 -1506 1.99 1.24 -1.91 -1.19 205 1.95 758.4 7985 44.1
12 1428 -1496 1.99 1.24 -1.92 -1.19 231 1.96 747.6 7969 44 .4
g 13 1487 -1672 3.32 2.07 -3.18 -1.98 277 3.25 486.4 15401 47.7
g § 14 1540 -1690 3.30 2.06 -3.18 -1.98 323 3.24 498.3 15743 47.9
§0 E 15 1579 -1783 3.96 2.46 -3.80 -2.37 378 3.88 433.5 20049 48.9
T 16* 1607 - 3.72 2.32 0 0 403 450 3768 17124 "
* 17%* - -1849 - - -3.76 -2.34 428

* See Section 3.5 for details
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Figure 3.1 Specimen 2P: Test Setup

Figure 3.2 Specimen 2P End Connection During Testing
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Figure 3.3: Empty Platen Displacement vs. Friction Force (Standard Protocol)
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Figure 3.4 Specimen 2P: Brace Deformation Time Histories (Standard Protocol)
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Figure 3.5 Specimen 2P: Brace Force vs. Axial Deformation (Standard Protocol)
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Figure 3.6 Specimen 2P: Hysteretic Energy Time History (Standard Protocol)
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Figure 3.8 Specimen 2P: Brace Force vs. Axial Deformation (High-Amplitude Protocol)
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Figure 3.9 Specimen 2P: Hysteretic Energy Time History (High-Amplitude Protocol)
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Figure 3.10 Specimen 2P: Brace Deformation Time Histories (All Cycles)

48




City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building lanning

Engineering Public Works

Fire Traffic

Normalized Brace Deformation
-15 -10 -5 0 5 10 15 Necking

'/

200 1 N
Qo J
< 100
(O]
o
S 0
()
O
©
m 100

-200

-6 -4 -2 0 2 4 6

Brace Deformation (in.)
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Figure 3.12 Specimen 2P: Hysteretic Energy Time History (All Cycles)
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Figure 3.14 Specimen 2P: B vs. Axial Deformation Level
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Figure 3.17 Specimen 3P End Connection During Testing
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Figure 3.18 Specimen 3P: Brace Deformation Time Histories (Standard Protocol)
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Figure 3.20 Specimen 3P: Hysteretic Energy Time History (Standard Protocol)
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Figure 3.22 Specimen 3P: Brace Force vs. Axial Deformation (High-Amplitude Protocol)
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Figure 3.23 Specimen 3P: Hysteretic Energy Time History (High-Amplitude Protocol)
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Figure 3.24 Specimen 3P: Brace Deformation Time Histories (Fracture Protocol)
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Figure 3.25 Specimen 3P: Brace Force vs. Axial Deformation (Fracture Protocol)
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Figure 3.26 Specimen 3P: Hysteretic Energy Time History (Fracture Protocol)
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Figure 3.27 Specimen 3P: Brace Deformation Time Histories (All Cycles)
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Figure 3.28 Specimen 3P: Brace Force vs. Axial Deformation (All Cycles)
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Figure 3.29 Specimen 3P: Hysteretic Energy Time History (All Cycles)
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Figure 3.48 Specimen 5P End Connection During Testing
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4. COMPARISON OF TEST RESULTS

4.1 Overall Performance

All specimens performed well in the Standard Loading Protocol test. Figure 4.1
shows the brace force versus axial deformation, and Figure 4.2 shows the brace response
envelopes for all specimens. The brace response envelopes show the similar pattern of
response for all specimens. Table 4.1(a) provides peak response quantities for the

Standard Loading Protocol, and Table 4.1(b) provides these quantities for all cycles.

4.2 Hysteretic Energy, E;, and Cumulative Inelastic Deformation, n

The total hysteretic energy and cumulative inelastic deformation achieved by each
specimen is summarized in Table 4.1(c). Note that Specimens 2P, 3P, and 5P were tested
up to core plate fracture. The cumulative inelastic axial deformation achieved by all
specimens was significantly greater than the 200A;,, required by the AISC Seismic

Provisions for uniaxial brace test specimens.

4.3 AISC Acceptance Criteria
Section K3.8 of the AISC Seismic Provisions provides the following four

acceptance criteria for buckling-restrained brace testing:

(1) The plot showing the applied load versus displacement history shall exhibit stable,
repeatable behavior with positive incremental stiffness.
All specimens exhibited stable repeatable behavior with positive incremental
stiffness.

(2) There shall be no fracture, brace instability or brace end connection failure.
None of the specimens fractured during the Standard Loading Protocol test. No brace
instability or brace connection failures were observed during the Standard Loading
Protocol test.

(3) For brace tests, each cycle to a deformation greater than Ay, the maximum tension
and compression forces shall not be less than 1.0Py,,.

This criterion was met for all specimens (see Table 3.1 to Table 3.8).
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(4) For brace tests, each cycle to a deformation greater than Ay, the ratto—of the
maximum compression force to the maximum tension force shall not exceed 1.3.
The maximum value of the ratio, B, of maximum compression force to maximum
tension force for each specimen is summarized in Table 4.1(a) and (b). Maximum 3

values were less than 1.3 in the Standard Loading Protocol test for all specimens
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Table 4.1 Summary of Specimen Performance
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(a) Maximum Response Quantities (Standard Loading Protocol)

Brace Strain (%) End

Specimen b ® po Tension | Compression Rz)rtsctlu))n
2P 1.20 1.33 1.58 1.86 -1.84 0.018
3p 1.13 1.27 1.43 1.70 -1.61 0.017
4p 1.10 1.38 1.50 1.62 -1.65 0.017
5P 1.11 1.36 1.47 1.65 -1.59 0.017

(b) Maximum Response Quantities (All Cycles)

Brace Strain (%) End

Specimen p ® po Tension | Compression R?rtj:il;)n
2P 1.37 1.45 1.99 3.12 -2.63 0.031
3P 1.34 1.45 1.92 3.29 -3.12 0.021
4P 1.16 1.54 1.76 3.67 -2.79 0.031
5P 1.13 1.49 1.65 2.46 -2.37 0.026

(c) Hysteretic Energy and Cumulative Inelastic Deformation

Cumulative Inelastic

Hysteretic Energy, Ej,

Specimen Deformation, Np (kip-in)
2P 532An, 28,457
3p 561Ay 73,336
4P 659Asy 183,586
5P 403Apy 138,635
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Figure 4.1 All Specimens Brace Force vs. Axial Deformation Comparison
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Figure 4.1 All Specimens Brace Force vs. Axial Deformation (continued)
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Figure 4.2 All Specimens Response Envelope Comparison
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S. SUMMARY AND CONCLUSIONS

5.1 Summary

Four BRB specimens were tested in a subassemblage configuration for
CoreBrace, while one was tested for uniaxial deformation only. Each specimen was
composed of a steel core plate, which was encased in a grout-filled HSS casing. All core
plates were specified to be fabricated from A36 steel. Each brace was bolt-connected
through a pair of end gusset plates. The bracket on one end of the brace was attached to a
strong-wall and the other end to a shake table platen. Specimens were cyclically tested by
imposing both axial and transverse displacements to the end of the brace attached to the
shake table.

All specimens were subjected to a Standard Loading Protocol test, followed by a
High-Amplitude Loading Protocol test. The Standard Loading Protocol was developed in
accordance with the 2010 AISC Seismic Provisions for Structural Steel Buildings. An
additional High-Amplitude Loading Protocol was developed to impose greater
deformation demand to the BRB specimens. Transverse displacements applied to test
specimens were calculated from the prescribed axial displacements using the brace
plastic-hinge-to-plastic-hinge length and an assumed brace angle of about 50° from
horizontal with peak rotations limited to 0.03 radians. Axial and transverse displacements
were in phase to simulate the realistic frame action effects at the gusset connection.

All specimens performed well during the Standard Loading Protocol, and also
provided stable hysteretic response under the High-Amplitude Loading Protocol.
Specimens 2P, 3P, and 5P were tested to core plate rupture during the High-Amplitude

Loading Protocol test; while Specimen 4P was not.
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5.2 Conclusions
Based on the test results, the following conclusions and observations can be made.

(1) All specimens performed well under the Standard Loading Protocol; no fracture,
brace instability or brace end connection failures were observed.

(2) Plots showing the applied load versus brace deformation showed stable, repeatable
behavior with positive incremental stiffness.

(3) For all cycles to an axial deformation greater than the yield deformation, Ay, the
maximum tension and compression forces were not less than 1.0 times the nominal
brace yield force, Pyy.

(4) For all cycles to an axial deformation greater than the yield deformation, Ay, during
the Standard Loading Protocol test, the ratio of the maximum compression force to
the maximum tension force did not exceed 1.3.

(5) The cumulative inelastic axial deformation achieved by all specimens was
significantly greater than 200A,, required by the AISC Seismic Provisions for

Structural Steel Buildings for uniaxial brace test specimens.
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ABSTRACT

Three buckling-restrained braces (BRBs) of different design strengths were tested in the
SRMD Test Facility at the University of California, San Diego. Specimens 8P and 9P were tested
in July 2019, while Specimen 10P was tested in April 2020. All specimens consisted of A36 steel
core plates encased in grout-filled A5S00 Gr. B square HSS casings. Bolted end connections were
implemented on both ends of the brace to connect each brace end to a bracket with a gusset plate
in this P Series. Specimens 8P, 9P, and 10P were connected to gusset plates with a thickness of 1-
in., 1%-in., and 1-in., respectively. The west end of the brace was fastened to the strong wall and
the east end was fastened to the SRMD shake table platen.

The cyclic loading protocol used for this test program was composed of three stages. The
first stage loading was the same as that specified in the AISC Seismic Provisions. The second stage
loading was developed to impose greater deformation demands then a code-prescribed
requirement. The third stage loading had larger numbers of low-cycle inelastic deformation until
core failure. Axial and transverse displacements were imposed to the specimens to simulate the in-
plane frame action effect at the gusset connection.

All three specimens performed well during the AISC loading protocol (Stage 1) and Stage 2
loading, fracturing during Stage 3 testing. The braces achieved capacity parameters within the
AISC Seismic Provisions requirements. For all specimens, the maximum values of compression
strength adjustment factor, 3, were less than the AISC limiting value of 1.5. The computed
cumulative inelastic deformation for all specimens were greater than 2004,,,. Note that Specimen
9P had been dropped form a height of multiple stories during construction before it was shipped
back for testing, the brace performed well throughout the testing protocol and did not show any
degradation in strength. The steel core of Specimen 10P was intentionally made from a plate with
alow CVN toughness. This was lower than the New Zealand code requirement but above the AISC
requirement. Tests results showed that this low-toughness BRB still exhibited a satisfactory cyclic

performance.
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1 INTRODUCTION

1.1 General

Three buckling-restrained braces (BRBs) of different design strengths were tested to evaluate
their cyclic performance. Bolted (P series) end connections were implemented on both ends of the
brace. Provisions for the design and qualifying cyclic testing of BRBs are included in the AISC
341-16 Seismic Provisions for Structural Steel Buildings (AISC 2016). The AISC provisions
require subassemblage testing to be conducted to verify the performance of BRBs, which
demonstrates the BRB’s ability to accommodate combined axial and rotational deformation
demands imposed during a seismic event. Specimens 8P and 9P were tested in July 2019 (Mansing
et al. 2019). Specimen 10P was tested in April 2020. This report includes test results of all three

specimens.

1.2 Scope and Objectives

All the specimens were designed and fabricated by CoreBrace, LLC and tested at the
University of California, San Diego. The testing was performed at the Caltrans Seismic Response
Modification Device (SRMD) Testing Facility. The objective of the testing was to evaluate the
cyclic performance and the capacity parameters of these BRBs based on the acceptance criteria of

the AISC Seismic Provisions.
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2 TESTING PROGRAM

2.1 Test Specimens

All specimens consisted of A36 steel core plates encased in grout-filled square HSS casing.
Specimens 8P, 9P, and 10P had a core cross-sectional area of 7 in.2, 8 in.2, and 2.25 in.? and of an
outer casing made from HSS 10x10x1/4, 10x10x3/16, and 8x8X1/4, respectively. Bolted end
connections were implemented on both ends of the brace to connect each brace end to a bracket
with a gusset plate. Table 2.1 and Table 2.2 provide detailed brace information, and Figure 2.1
shows the overall brace geometry. Specimen 9P was dropped at the construction site from a height
of multiple stories prior to testing, landing on one end of the BRB on a set of precast concrete
stairs. As a result, there was damage to the connection lugs and outer casing. This damage included
a bend to the lugs at one end (closing the gap from the specified 1-7/16” to approximately 11/16”),
gouges to the casing, and a shift in the casing of approximately 5/16” (see Figure 2.14).
Additionally, the damaged brace was left out in the elements for 2-3 months at the jobsite in a
tropical climate and then for nearly 2 years after its return to CoreBrace while awaiting testing,
and as such, noticeable rusting had occurred. Only the bend in the lugs was repaired (as required
to fit over the gusset), which employed typical heat flare methods available to site erection crews.

The relevant dates and associated events for Specimen 9P are listed in Table 2.3.

2.2 Material Properties

The steel cores and HSS casings were manufactured with ASTM A36 plate and A5S00 Gr. B
steel, respectively. Measured steel properties from the mill reports and tensile coupon tests of the
steel core plate materials are summarized in Table 2.5. Based on measured yield stress, F,,, the
material overstrength factor, Ry, and brace deformation at first significant yield, Ap,,, are listed in
Table 2.6. Table 2.7 lists the measured Charpy V-notch (CVN) toughness of the core plate for
Specimen 10P and the associated code-prescribed requirements from the United States (AISC
2016) and New Zealand (Standards New Zealand 2009). Specimen 10P was intentionally made
from a core plate with a CVN toughness lower than the New Zealand requirement in order to

investigate the cyclic behavior of low-toughness BRBs.
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2.3 Test Setup

The SRMD facility, which has a shake table platen capable of imposing displacement in six
degrees of freedom, is shown in Figure 2.5. Figure 2.6 shows a BRB specimen installed between
the platen and strong wall. Either end uses nearly rigid steel fixtures between the strong wall and
table platen to fasten the gusset plates, where the BRB end plates are ultimately affixed. Horizontal
motion was applied to all specimens in displacement-control mode, resulting in axial and

transverse deformations in the brace.
2.4 End Connections

The BRB end connections used for the test program consisted of a pair of connection plates,
or lugs. Specimens 8P, 9P, and 10P were connected to gusset plates with a thickness of 1-in., 1%-
in., and 1-in., respectively. For all specimens, the lugs were connected to the gusset plate with 1-
1/8 in. diameter ASTM F3148 TNA bolts. Figure 2.7 shows the strong wall end after the TNA
bolts were fully tensioned. Bolt holes in the lug plates were standard size, while those in the gusset
plates were oversized. The bolted connections were designed to resist slip at the yield strength of

the brace.

2.5 Instrumentation

Two string potentiometers, labeled as L1 and L2 in Figure 2.8, were used to measure the
axial deformation of the braces. Figure 2.12 shows a comparison between the SRMD input motion
and the measured deformation by the string potentiometers for Specimen 9P. Similar comparison
of all testing protocol can be found in Appendix. An additional string potentiometer, L3, provided
displacement information between BRB end brackets. Brace forces were measured by the load cell
in each of the four actuators that drove the shake table and were recorded by the system.

Synchronized data was collected in a triggered mode for pseudo-static tests.

2.6 Loading Protocol

According to the AISC Seismic Provisions, the design of BRBs shall be based upon results
from qualifying cyclic tests. The loading requirements in such cyclic tests are based on the effects

of far-field ground motions on building frames. These motions are usually symmetric, with



Building

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Engineering

Public Works

Fire

Traffic

consistent relatively small amplitude cycles with low to moderate strain rates. According to

Section K3.4c of the AISC Seismic Provisions, the test must be conducted by controlling the level

of axial or rotational deformation, A, imposed on the test specimen.

Loads shall be applied to the test specimen to produce the following deformations, where the

deformation is the steel core axial deformation of the test specimen:

(1) 2 cycles of loading at the deformation corresponding to Ay, = 1.04,,,

(2) 2 cycles of loading at the deformation corresponding to Ay, = 0.5A,,,

(3) 2 cycles of loading at the deformation corresponding to A, = 1.0A,,,,

(4) 2 cycles of loading at the deformation corresponding to A, = 1.5Ap,,,

(5) 2 cycles of loading at the deformation corresponding to Ay, = 2.0A,,,, and

(6) additional complete cycles of loading at the deformation corresponding to A, = 1.54,,, as

required for the brace test specimen to achieve a cumulative inelastic axial deformation of at

least 200 times the deformation at first yield.

The deformation at first yield, Ay, is computed using the actual yield strength of the

material, F,q, and the core yielding length, L,,. The deformation corresponding to the frame drift,

Ay, would typically be derived based on a structural model of a building. For the purposes of

establishing a boundary for the AISC loading protocol used in this testing program, Ay, is taken

as 7.5y, 6Ap,y, and 7A,, for Specimens 8P, 9P, and 10P, respectively. This loading protocol is

usually applied to BRBs pseudo-statically in recognition of the increased costs of applying the

loads dynamically (AISC 341, 2016). In this testing program, the entire loading protocol consisted

of three stages. The first stage loading was the same as that specified in the AISC Seismic

Provisions, while the second stage loading imposed a greater deformation demand to the BRB

specimens. Stage 3 loading corresponds to larger numbers of low cycle deformation until core

fracture.

Using the calculated Ay, value for each specimen (see Table 2.6), the total shake table input

displacement was established by adding additional components to account for the following:

(1) deformation of the gusset plates,

(2) deformation due to the flexibility of the end supports and reaction wall at the SRMD testing

facility based on a known total system flexibility (1/6800 in./kip), and
(3) deformation of bolt slippage.
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Transverse displacements corresponding to the prescribed axial displacement were
calculated based on the plastic-hinge-to-plastic-hinge length, which was approximately equal to
the length L, shown in Figure 2.1, and it represents the length between the effective centers of
lateral rotation at each end of the brace. Since the loading system was very rigid in the transverse
direction, no additional transverse displacement was added to establish the shake table input

transverse displacements.

2.7 Data Reduction

Brace Axial Deformation, A,
In the following chapter, the brace specimen deformation, A, corresponding to the average
of those measured by displacement transducers (L1 and L2) is reported. The brace axial strain was

calculated per Eq. 2.1.

€= Z (21)

where L,, equals the length of the steel core plate in the yielding zone. The brace axial deformation

is also normalized by the yield deformation. Note that A, includes some minor elastic deformation

outside the yielding length, L,,.

Brace Force, P
The brace force was determined by the resultant force along the brace length in the deformed
position, which was calculated by combining the force components along the brace from the

measured longitudinal and transverse forces.

Platen Friction

The SRMD shake table is a steel platen which rests on hydrostatic bearings that vertically
support it and the specimen. This system has an inherent friction force that must be overcome by
the machine to move the platen and deform the brace specimen. The friction forces are relatively
small compared to the forces experienced by the BRBs, hence it was neglected in computing the

brace forces.
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Tension and Compression Strength Adjustment Factors, w, B

Two parameters, w and 3, are defined in the AISC Seismic Provisions (AISC, 2016). The
first parameter, w, is the strain hardening adjustment factor relating the maximum tension force in
the brace to the actual brace yield force (see Eq. 2.2). The second parameter, f3, is the compression
strength adjustment factor which compares the maximum compression force to the maximum
tension force of each cycle in the brace (see Eq. 2.3). Therefore, the maximum compression is

related to brace yield force by the multiplication of w and B (see Eq. 2.4).

Tmax Tmax
0= & — _Mmax (2.2)
Pya FyaAsc
Cmax (DB
B=-14 - 2.3
Tmax ('0 ( )
C
wp = ;“”‘ (2.4)
ya

where F,, is the measured yield stress, and Ay, is the area of the yielding core. The AISC Seismic

Provisions limit the value of 3 to 1.5 for the cycles of deformation that exceed the yielding

deformation.

Hysteretic Energy, Ey
The area enclosed by the P versus A, response curve represents the dissipated hysteretic
energy (see Eq. 2.5).
E, = [ PdA (2.5)

Cumulative Inelastic Axial Deformation, np and Ng
The normalized total inelastic axial deformation for a cycle with a deformation level greater

than the yield deformation is given by:

_2ar -4l

™ (2.6)

25

where A} and A7 are the absolute values of the maximum and minimum deformations for the i
cycle, respectively, and Ap,, is the deformation corresponding to yielding of the brace. The
deformation-based cumulative inelastic axial deformation, np, is calculated as the summation of

the normalized inelastic axial deformation for each cycle:
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Np = Xl (2.7)
For uniaxial testing of BRBs, the AISC Seismic Provisions require that the cumulative normalized
inelastic deformation reach a value of at least 200.
Alternatively, the cumulative inelastic deformation (CID) is also calculated as a normalized

cumulative dissipated energy as per Eq. 2.8. The value of ng is also reported in this study.
Pyalpy

Ne (2.8)
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Table 2.1 Specimen Dimensions: Core Plate and Casing Size
/43 W I /%) Isc HSS
Core Plat
(n) | (n) | (n) | (n) | (n) OFe T 1 Casing Size
8P 8-7/8 8-1/4 3/4 5-5/8 1-1/4 Flat 10x10x1/4
oP 8-7/8 | 7-13/16 3/4 6-3/8 1-1/4 Flat 10x10x3/16
10P 7-1/2 | 3-11/16 12 3 3/4 Flat 8x8x1/4
Table 2.2 Specimen Dimensions: Lengths
(in.) (in. (in.) (in.) (in.) (in.)
8P 236-5/8 192-1/2 165-1/16 14-9/16 4 17-1/4
oP 214-9/16 169-3/8 144 15-5/16 4 16
10P 239-5/8 206-5/16 174-1/4 9-3/8 4 11-7/16
Table 2.3 Relevant Dates for Specimen 9P
Date Event
2016-06-22 Fabrication Completed
2016-07-15 thru 08-08 Shipping: CB Facility to Jobsite Port
2017-02-25 Damaged During Erection
2017-05-14 thru 06-19 Return Shipping: Jobsite Port to CB Facility
2019-05-17 Repair: Lugs Flared to Fit Gusset
2019-06-07 Test
Table 2.4 Specimen Dimensions: Connection Layout
Lug PL Gusset PL
Hole Dia. Hole Dia. R;W; of (ifl ) (in.) (igno)
(in.) (in.) o ' ‘ '
8P 1-1/4 1-7/16 4 3-1/4 2-13/16 -
oP 1-1/4 1-7/16 4 3-1/2 2-13/16 -
10P 1-1/4 1-7/16 2 5 2-1/8 -
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Table 2.5 Mechanical Properties of Core Plates

Mill Test Report Average Tensile Coupon Average
Fa Fua Elong.? Plate Fya Fua Elong.?
Heat No. (ksi) (ksi) FudFya %) No. (ksi) (ksi) FudFya %)
8P N18901 41.6 62.5 1.50 35(8") 4687 41.7 63.6 1.52 36.5(27)
oP NO05872 40.8 62.5 1.53 34 (8" 1777 44 4 66.6 1.50 34.5(2”)
10P A9IMO361 41.9 59.9 1.43 40 (2" 3597 38.1 57.4 1.50 34 (2”)
a) Value in parenthesis indicates gage length of sample
Table 2.6 Yield Stress and Deformation
Asc F yn P yna P yab R.C Aby
(in.?) (ksi) (kip) (kip) ’ (in.)
8P 7.00 36 252 292 1.16 0.24
oP 8.00 36 288 355 1.23 0.22
10P 2.25 36 81 86 1.06 0.23
a) Pyn = AscFyn
b) Pya = AscFya

¢) Ry, = E,;/FE;, where F,, is the nominal yield stress of the specified steel.

Table 2.7 CVN Toughness of Core Plate for Specimen 10P

CVN Test Results

Code Requirements

CVN Toughness @ 32°F (0°C) [ft-1b (J)]

NZS 3404.1: 2009:

Sample 1 Sample 2 Sample 3 Average 15:(1)?61):_ tlzt(h;(():}()ngs;zollf(rg%,) _ Average of three tests
13 (17.6) 15 (20.3) 10 (13.6) 12.7(17.2) | 36.9 ft-Ib (50]) @ 32°F (0°C) — Individual test
CVN Toughness @ 70°F (21°C) [ft-1b (J)] AISC 341-16
Sample 1 Sample 2 Sample 3 Average For plate thickness > 2 in.,
32 (43.4) 43 (58.3) 29 (39.3) 347 47.0) |20flb(271) @70°F (21°C)
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Table 2.8 Target BRB Deformations

(a) Axial Deformation (in.)

Standard Protocol Extended Protocol
Stage 1 Stage 2 Stage 3
No. of 2 2 2 2 2 2 2 2 10 (until Fracture)
Cycles
3P 0.24 0.89 1.78 2.67 3.56 4.27 4.98 B 2.67
(1Asy) (3.75Ap)) | (7.5Awy) | (11.25Ap) | (15As) (18Apy) (21Apy) (11.25As)
op 0.22 0.66 1.32 1.98 2.65 3.31 3.97 2.65 2.65
(1As) (3An) (6Ary) (9Asy) (12Ap) | (15As) | (18Ap) | (12As) (12Aw)
L0P 0.23 0.80 1.60 2.41 3.21 4.24 5.27 B 3.21
(1Asy) (3.5As) (7Any) (10.5Ap) | (14Ap) | (18.5An) | (23An) (14Apy)
(b) Transverse Deformation (in.)
Standard Protocol Extended Protocol
Stage 1 Stage 2 Stage 3
No. of 2 2 2 2 2 2 2 2 10 (until Fracture)
Cycles
8P 0.24 0.89 1.80 2.71 3.64 4.39 5.14 - 2.71
oP 0.22 0.66 1.34 2.01 2.69 3.38 4.08 2.69 2.69
10P 0.23 0.81 1.62 2.44 3.27 4.35 5.45 - 3.27

10
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Table 2.9 Shake Table Input Displacements

(a) Axial Deformation (in.)

Standard Protocol Extended Protocol
Stage 1 Stage 2 Stage 3
No. of 2 2 2 2 2 2 2 2 10 (until Fracture)
Cycles
3P 0.32/ 0.98/ 1.88/ 3.01/ 3.90/ 4.60/ 531/ B 3.01/
—0.32 —0.99 —-1.89 -3.02 -3.92 —4.63 —5.34 -3.02
op 0.32/ 0.77/ 1.67/ 2.34/ 3.01/ 3.67/ 4.36/ 3.01/ 3.01/
—0.33 —0.78 —-1.70 —2.39 -3.07 -3.75 —4.47 -3.07 -3.07
L0P 0.28/ 0.86/ 1.66/ 247/ 3.55/ 4.57/ 5.58/ B 3.55/
—0.28 —0.86 —-1.67 —2.47 —3.55 —4.57 —5.59 —3.55
(b) Transverse Deformation (in.)
Standard Protocol Extended Protocol
Stage 1 Stage 2 Stage 3
No. of 2 2 2 2 2 2 2 2 10 (until Fracture)
Cycles
8P 0.24 0.89 1.80 2.71 3.64 4.39 5.14 - 2.71
oP 0.22 0.66 1.34 2.01 2.69 3.38 4.08 2.69 2.69
10P 0.23 0.81 1.62 2.44 3.27 4.35 5.45 - 3.27

11
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(b) Specimen 9P (West End)
Figure 2.7 BRB End Connection
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(c) Specimen 10P (West End)

Figure 2.7 BRB End Connection (continued)
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(b) Overall View
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Figure 2.14 Specimen 9P: Damage due to Fall and Repaired Condition
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3 TEST RESULTS

General

For each specimen, a table summarizing the brace forces, corresponding strength adjustment

factors and cumulative inelastic axial deformation for each cycle of test run, as described in Section

2.7, 1s provided (see Table 3.1 through Table 3.3). The table also reports the axial deformation in

terms of core axial strain (Eq. 2.1), deformation-based (Egs. 2.6 to 2.7), and dissipated energy-

based (Eq. 2.8) cumulative inelastic deformation. In addition, the following results are presented.

(1

)

3)

4
)

Measured brace displacement time histories in the longitudinal and transverse directions.
These displacements represent the actual deformations and end rotations experienced by the
brace.

Brace force versus deformation hysteretic responses in the longitudinal and transverse
directions.

Cumulative hysteretic energy, £, computed in accordance with Eq. 2.5 and the normalized
cumulative dissipated energy, 1y, computed in accordance with Eq. 2.8 at the instance of
core fracture.

Axial brace response envelope, or backbone curve.

Strength adjustment factors (w, 3, and Bw) versus brace axial deformation (see Figure 3.5
through Figure 3.15). w, B, and Bw, were computed in accordance with Eqs. 2.2, 2.3, and
2.4, respectively.
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3.2 Specimen 8P

Specimen 8P was tested on July 2", 2019. The specimen fractured during the first cycle of
Stage 3 of the loading protocol. The failure occurred in the beginning of the cycle as it was
approaching the peak tensile force which occurred at 224,,,. An initial peak force jump was
observed at the start of Stage 3 of the loading protocol, right before the core fractured, as shown
in Figure 3.2(a).

A maximum tension (w) and compression (f3) overstrength factor of 1.49 and 1.24 were
achieved, respectively, during the loading protocol (see Table 3.1). The maximum tension force
during the loading protocol was 435 kips at a displacement of 5.29 in., which corresponded to a
core strain of 3.21%. The maximum compression force during the loading protocol was 538 kips
at a displacement of —5.18 in., which corresponded to a core strain of —3.14%.

Figure 3.4 shows the computed hysteretic energy and cumulative dissipated energy for the
loading protocol. A total of 53,180 kip-in. of hysteretic energy was absorbed, which corresponds
to a cumulative ductility of 7724,,,. About 55% energy came from Stage 2 of the loading protocol,

as shown in Figure 4.1.

3.3 Specimen 9P

Specimen 9P was tested on June 7%, 2019. The specimen fractured during the 9™ cycle of
Stage 3 of the loading protocol. The failure occurred in the beginning of the cycle as it was
approaching the peak tensile force which occurred at 124, (after completing 204, cycles in
Stage 2).

A maximum tension (w) and compression (f3) overstrength factor of 1.37 and 1.27 were
achieved, respectively, during the loading protocol (see Table 3.2). The maximum tension force
during the loading protocol was 488 kips at a displacement of 4.32 in., which corresponded to a
core strain of 3.00%. The maximum compression force during the loading protocol was 610 kips
at a displacement of —4.29 in., which corresponded to a core strain of —2.98%.

Figure 3.9 shows the computed hysteretic energy and cumulative dissipated energy for the
loading protocol. A total of 91,710 kip-in. of hysteretic energy was absorbed, which corresponds
to a cumulative ductility of 1,173A,,,. The energy from Stages 2 and 3 of the loading protocols

were very similar, but larger than from Stage 1 of the loading protocol, as shown in Figure 4.1.
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3.4 Specimen 10P

Specimen 10P was tested on April 14%, 2020. The specimen completed Stages 1 and 2
loadings and fractured during the 2™ cycle of Stage 3 loading. The failure occurred just before the
brace reached the peak tensile force which occurred at 144,,, in that cycle (after completing 244,
cycles in Stage 2).

A maximum tension (w) and compression (3) overstrength factor of 1.52 and 1.48 were
achieved, respectively, during the loading protocol (see Table 3.3). The § values for Specimen 10P
was higher than those for Specimens 8P and 9P. This could be due to the nature of small core BRB
for Specimen 10P. The maximum tension force during the loading protocol was 130 kips at a
displacement of 5.60 in., which corresponds to a core strain of 3.21%. The maximum compression
force during the loading protocol was 193 kips at a displacement of —5.52 in., which corresponds
to a core strain of —3.17%.

Figure 3.9 shows the computed hysteretic energy and cumulative dissipated energy for the
loading protocol. A total of 16,730 kip-in. of hysteretic energy was absorbed, which corresponds
to a cumulative ductility of 8514,,,. About 54% energy came from Stage 2 of the loading protocol,

as shown Figure 4.1.
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Table 3.1 Specimen 8P: Response Quantities

Brace Deformation

Test Cycle | Tnax | Conax I B Bw — Axial . Transverse I n
No. | (kips) | (kips) Positive Negative L b e
(in) | (Apy) | (%) | (in) | (Apy) | (%) | (in.) | (rad)

1 287 297 | 098 | 1.04 | 1.02 | 026 | 1.08 | 0.15 | 0.26 | 1.08 | 0.15 | 0.23 | 0.001 0.32 0 1

2 278 284 | 095 | 1.02 | 097 | 024 | 1.03 | 0.15] 025 | 1.06 | 0.15 | 0.23 | 0.001 0.19 1 1

) 3 296 305 1.02 | 1.03 | 1.05 | 0.89 | 3.78 | 0.54 | 0.94 | 397 | 0.57 | 0.88 | 0.004 | 11.51 12 10

2 4 302 313 1.04 | 1.04 | 1.07 | 0.89 | 3.76 | 0.54 | 094 | 397 | 0.57 | 0.87 | 0.004 | 11.46 23 21

S < 5 326 369 1.12 | .13 | 1.27 | 1.81 | 7.67 | 1.10 | 1.83 | 7.77 | 1.11 | 1.79 | 0.008 | 26.89 50 44
% 5 6 349 376 1.20 | 1.08 | 1.29 | 1.80 | 7.62 | 1.09 | 1.84 | 7.78 | 1.11 | 1.78 | 0.008 | 26.80 77 71
£ & 7 368 422 1.26 | 1.15 | 1.45 | 293 | 1243 | 1.78 | 293 | 1243 | 1.78 | 2.70 | 0.011 | 45.73 123 117
%” e 8 384 430 1.32 | 1.12 | 1.47 | 293 | 1242 | 1.78 | 293 | 1242 | 1.78 | 2.69 | 0.011 | 45.69 169 170
'§ 9 397 465 1.36 | 1.17 | 1.59 | 3.83 | 16.21 | 2.32 | 3.80 | 16.12 | 2.31 | 3.61 | 0.015 | 60.66 229 240
— 10 408 474 140 | 1.16 | 1.62 | 3.83 | 16.22 | 2.32 | 3.80 | 16.09 | 2.30 | 3.61 | 0.015 | 60.62 290 315
o 11 419 508 144 | 121 | 1.74 | 455 | 19.28 | 2.76 | 450 | 19.06 | 2.73 | 438 | 0.019 | 72.68 363 407
) 12 428 513 147 | 1.20 | 1.76 | 455 | 19.27 | 2.76 | 450 | 19.06 | 2.73 | 438 | 0.019 | 72.67 435 503
g 13 433 533 148 | 1.23 | 1.83 | 529 | 2241 | 321 | 518 | 21.93 | 3.14 | 5.12 | 0.022 | 84.69 520 615
14 435 538 149 | 1.24 | 1.84 | 529 | 2243 | 321 | 518 | 21.93 | 3.14 | 5.11 | 0.022 | 84.71 605 733
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Table 3.2 Specimen 9P: Response Quantities

Brace Deformation

Test Cycle | T, max Cmax ® 8 Bw — Axial - Transverse W n n
No. | (kips) | (kips) Positive Negative L b E
(in) | Apy) | (%) | (n) [ Bpy) | (%) | (n) | (rad)

1 329 350 | 093 | 1.06 | 098 | 023 | 1.06 | 0.16 | 0.24 | 1.07 | 0.16 | 0.21 | 0.001 0.26 0 1

2 326 337 1 092 | 1.04 | 095 | 023 | 1.04 [0.16 | 024 | 1.08 | 0.17 | 0.20 | 0.001 0.24 0 2

o 3 335 353 094 | 1.05 | 099 | 0.67 | 3.07 | 047 | 0.69 | 3.13 | 0.48 | 0.65 | 0.003 8.39 9 8

2! 4 332 354 | 094 | 1.07 | 1.00 | 0.68 | 3.07 | 047 | 0.68 | 3.11 | 048 | 0.64 | 0.003 8.36 17 16

< 5 355 423 1.00 | 1.19 | 1.19 | 1.57 | 7.16 | 1.09 | 1.59 | 7.22 | 1.10 | 1.34 | 0.006 | 24.75 42 35

5 6 390 437 1.10 | 1.12 | 123 | 156 | 7.08 | 1.08 | 1.59 | 7.21 1.10 | 1.34 | 0.006 | 24.58 67 59

& 7 408 484 1.15 | 1.19 | 1.36 | 2.24 | 10.17 | 1.55 | 2.25 | 10.25 | 1.57 | 2.01 | 0.009 | 36.83 103 94

A 8 422 490 1.19 | 1.16 | 1.38 | 2.23 | 10.12 | 1.55 | 2.26 | 10.25 | 1.57 | 2.00 | 0.009 | 36.74 140 133

9 437 529 1.23 | 1.21 | 1.49 | 291 | 1324 | 2.02 | 2.92 | 13.28 | 2.03 | 2.68 | 0.013 | 49.03 189 184

S 10 448 535 1.26 | 1.19 | 1.51 | 291 | 1321 | 2.02 | 292 | 13.27 | 2.03 | 2.68 | 0.012 | 48.96 238 239
«g 11 466 578 131 | 1.24 | 1.63 | 3.60 | 16.36 | 2.50 | 3.59 | 16.33 | 2.50 | 3.37 | 0.016 | 61.37 300 309
- I 12 474 582 1.34 | 1.23 | 1.64 | 3.60 | 16.35 | 2.50 | 3.59 | 16.30 | 2.49 | 3.36 | 0.016 | 61.30 361 384
& o 13 482 610 1.36 | 1.27 | 1.72 | 432 | 19.65 | 3.00 | 429 | 19.51 | 2.98 | 4.07 | 0.019 | 74.31 435 474
g % 14 488 610 1.37 | 125 | 1.72 | 432 | 19.65 | 3.00 | 429 | 1948 | 2.98 | 4.06 | 0.019 | 74.26 509 569
S 15 479 555 1.35 | 1.16 | 1.56 | 291 | 13.23 | 2.02 | 291 | 13.22 | 2.02 | 2.68 | 0.012 | 4891 558 636
16 469 552 1.32 | 1.18 | 1.56 | 291 | 1324 | 2.02 | 291 | 13.23 | 2.02 | 2.68 | 0.012 | 48.95 607 693

17 473 557 1.33 | 1.18 | 1.57 | 291 | 13.23 | 2.02 | 291 | 13.20 | 2.02 | 2.68 | 0.012 | 48.87 656 751

18 467 556 1.31 | 1.19 | 1.57 | 291 | 1321 | 2.02 | 291 | 13.24 | 2.02 | 2.68 | 0.012 | 48.88 705 808

- 19 463 554 1.30 | 1.20 | 1.56 | 291 | 13.21 | 2.02 | 291 | 13.21 | 2.02 | 2.67 | 0.012 | 48.83 754 865

o 20 461 553 1.30 | 1.20 | 1.56 | 291 | 1322 | 2.02 | 2.90 | 13.18 | 2.01 | 2.68 | 0.013 | 48.80 803 922

% 21 459 554 1.29 | 1.21 | 1.56 | 291 | 1321 | 2.02 | 291 | 13.22 | 2.02 | 2.69 | 0.013 | 48.86 851 978
22 458 555 1.29 | 1.21 | 1.56 | 292 | 1325 | 2.03 | 291 | 13.24 | 2.02 | 2.67 | 0.012 | 48.99 900 1035

23 455 550 1.28 | 1.21 | 1.55 | 292 | 1327 | 2.03 | 291 | 13.25 | 2.02 | 2.67 | 0.012 | 49.03 949 1091

24 454 560 1.28 | 1.23 | 1.58 | 292 | 1327 | 2.03 | 293 | 1331 | 2.03 | 2.67 | 0.012 | 49.16 999 1148
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Table 3.3 Specimen 10P: Response Quantities

Brace Deformation
Cycle | Twax | Chmax Axial
Test 13110. (kips) | (kips) | B Bo Positive Negative Transverse Hi " NE
(in) | (Bpy) | %) | (n) | Boy) | %) | (in) | (rad)

1 76 78 0.88 1.03 091 | 0.26 1.12 0.15 | 0.27 1.17 0.15 | 0.22 | 0.001 0.56 1 1

2 76 76 0.89 1.00 0.89 | 0.26 1.12 0.15 | 0.26 1.12 0.15 | 0.21 | 0.001 0.47 1 2

) 3 98 102 1.14 1.04 1.19 | 0.85 3.71 0.49 | 0.85 3.69 0.49 | 0.80 | 0.003 10.80 12 10

2! 4 100 99 1.16 | 1.00 | 1.16 | 0.85 | 3.71 | 049 | 0.85 | 3.70 | 0.49 | 0.80 | 0.003 | 10.82 23 19

< 5 103 114 1.20 | 1.11 | 133 | 164 | 7.18 | 094 | 1.63 | 7.13 | 094 | 1.61 | 0.007 | 24.63 47 41

_ 5 6 107 115 1.24 1.08 1.34 | 1.65 7.19 094 | 1.63 7.13 094 | 1.61 | 0.007 24.62 72 66
§ %D 7 110 126 1.28 1.14 146 | 247 | 10.77 | 142 | 244 | 10.65 | 1.40 | 243 | 0.010 38.84 111 105
é n 8 112 125 1.31 1.11 146 | 247 | 1078 | 1.42 | 244 | 10.65 | 1.40 | 2.44 | 0.010 38.86 150 148
%—40 9 115 139 1.34 1.21 1.62 | 353 | 1542 | 2.03 | 3.50 | 15.26 | 2.01 | 3.27 | 0.014 57.36 207 210
k= 10 118 140 138 | 1.19 | 1.64 | 3.52 | 1538 | 2.02 | 3.50 | 15.27 | 2.01 | 3.27 | 0.014 | 57.29 264 280
F§ o 11 122 156 142 | 128 | 1.82 | 457 | 1995 | 2.62 | 449 | 19.59 | 2.57 | 436 | 0.018 | 75.08 339 371
— o 12 125 161 1.45 1.29 1.88 | 456 | 1993 | 2.62 | 449 | 19.62 | 2.58 | 436 | 0.018 75.09 414 470
% 13 128 182 1.49 1.43 213 | 560 | 2445 | 3.21 | 552 | 24.09 | 3.17 | 545 | 0.023 93.09 508 595
14 130 193 1.52 1.48 224 | 559 | 2443 | 321 | 552 | 2412 | 3.17 | 546 | 0.023 93.10 601 729

on
CIbc;D 15 130 163 1.51 1.26 1.90 | 3.51 1533 | 2.01 | 3.53 | 15.39 | 2.02 | 3.28 | 0.014 57.45 658 818
5]
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Figure 3.1 Specimen 8P: Brace Deformation Time Histories
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4 COMPARISON OF TEST RESULTS

4.1 Overall Performance

All three specimens were subjected to the pseudo-static loading protocol, they all performed
well during the AISC loading protocol. Specimen 8P fractured in the beginning of the 1% cycle of
Stage 3 loading, following the peak compressive force which occurred at —214,,. Specimen 9P
complete Stages 1 and 2 loadings. After the brace reached the peak deformations of 204, in
Stage 2 loading, it fractured in the beginning of the 9" cycle of Stage 3 loading protocol as it was
approaching the peak tensile force which occurred at 124,,. Specimen 10P brace completed
Stages 1 and 2 loadings. After the brace achieved the peak deformations of +23A;,, in Stage 2
loading, it fractured during the 2™ cycle of Stage 3 loading. The failure occurred just before the
brace reached the peak tensile force which occurred at 144,,,. Table 4.1(a) provides key peak
response quantities based on all loading protocols. All compression strength adjustment factors are

below the AISC limiting value of 1.5.

4.2 Hysteretic Energy, E;, and Cumulative Inelastic Deformation, n

The hysteretic energy and cumulative inelastic deformation achieved by each specimen are
summarized in Figure 4.1 and Table 4.1(b). The cumulative inelastic axial deformations achieved
by all specimens were significantly greater than 2004,,,, an AISC acceptance criterion for BRBs.
Table 4.1(b) shows the cumulative hysteretic energy achieved during each stage of loading
protocol and the corresponding cumulative ductility at the end of testing altogether. All specimens
exhibited larger cumulative inelastic deformation derived from the normalized cumulative
dissipated energy, ng, than that derived from the summation of the normalized inelastic axial

deformation, np.
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4.3 Acceptance Criteria

Section K3.8 of the 2016 AISC Seismic Provisions provides the following four acceptance

criteria for buckling-restrained brace testing:

(1)  The plot showing the applied load versus displacement history shall exhibit stable, repeated
behavior with positive incremental stiffness.
Test results (see Figure 3.3 through Figure 3.13) show that all the specimens exhibit stable
repeatable behavior with positive incremental stiffness.

(2) There shall be no fracture, brace instability, or brace end connection failure.
None of the specimens fractured during stage 1 of the loading protocols. All the specimens
eventually failed during Stage 3 of the loading protocol, after the required cumulative
inelastic ductility of 200 was achieved.

(3) For brace tests, each cycle to a deformation greater than Ay, the maximum tension and
compression forces shall not be less than the nominal strength of the core.
Test results (see Figure 3.3 through Figure 3.13) show that no specimens experienced a
degradation in resisting force.

(4) For brace tests, each cycle to a deformation greater than A, the ratio of the maximum
compression force to the maximum tension force shall not exceed 1.5.

The maximum [} values reported in Table 4.1 were less than 1.5 for all the specimens.

4.4 Cyclic Behavior of Low-Toughness BRB

Note that the core plate of Specimen 10P was intentionally selected to have a CVN
toughness lower than the New Zealand code requirement (see Table 2.7). The ambient temperature
in the SRMD laboratory during the testing for Specimen 10P was 63.7°F. Test results showed that
this low-toughness BRB still performed satisfactorily. The hysteretic responses of Specimen 8P
[Figure 3.2(a)] and 9P [Figure 3.7(a)] show that the second cycle usually achieved a higher tensile
force than the first cycle at each deformation level. By contrast, the increase in tensile force from
the first to second cycles at each deformation level for Specimen 10P [see Figure 3.12(a)] was
usually smaller than those in the other two specimens. Figure 4.2 shows the tensile peak force
increment ratio versus core strain relationships for all specimens. Note that the tensile peak force

increment ratio from the first to second cycles is defined as ATp,ux/Tmax1, Where ATy, =
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Tmax2 — Tmaxi- Als0, Taxr and Tp,qyo are the forces at the tensile displacement peaks of the first

and second cycles, respectively. It is observed that the tensile peak force increment ratio for

Specimen 10P remained around 2% across all deformation levels. By contrast, the tensile peak

force increment ratio varied with the core strain for Specimens 8P and 9P. For these two specimens,

at a core strain of about 0.5%, the tensile peak force increment ratio did not exceed 2%. As the

core strain reached about 1%, the increment ratio increased to 7% to 10%. After that, the increment

ratio decreased with the core strain and approached 2% after the core strain reached 2.5%. It is

apparent that, within a core strain range from 1% to 2.5%, the tensile peak force increment for

Specimen 10P was noticeably smaller than those in the other two specimens. This suggests that

the hysteretic responses of low-toughness Specimen 10P exhibited a smaller isotropic hardening

than the other two specimens in that core strain range.
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Table 4.1 Summary of Specimen Performances
(a) Maximum Response Quantities
Specimen w 8 B Max. Core | Min. Core
p Strain (%) | Strain (%)
8P 1.49 1.24 1.84 3.21 -3.14
oP 1.37 1.27 1.72 3.00 —2.98
10P 1.52 1.48 2.24 3.21 -3.17
(b) Hysteric Energy and Cumulative Inelastic Deformation
. E, (1000 kip-in.)
Specimen Mp Ng
Stage 1 Stage 2 Stage 3 Total
8P 22.72 29.25 1.21 53.18 605 772
9P 19.40 35.47 36.84 91.71 999 1173
10P 5.77 9.07 1.90 16.73 658 851
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S SUMMARY AND CONCLUSIONS

5.1 Summary

Three buckling-restrained braces (BRBs) of different design strengths were tested in the
SRMD Test Facility at the University of California, San Diego. Specimens 8P and 9P were tested
in July 2019, while Specimen 10P was tested in April 2020. All specimens consisted of A36 steel
core plates encased in grout-filled A500 Gr. B square HSS casings. Bolted end connections were
implemented on both ends of the brace in this P Series to connect each brace end to a bracket with
a gusset plate. Specimens 8P, 9P, and 10P were connected to gusset plates with a thickness of 1-
in., 1%-in., and 1-in., respectively. The west end of the brace was fastened to the strong wall and
the east end was fastened to the SRMD shake table platen.

The cyclic loading protocol used for this test program was composed of three stages. The
first stage loading was the same as that specified in the AISC Seismic Provisions. The second stage
loading was developed to impose a greater deformation demand to the brace to demonstrate that
each specimen could achieve a cumulative inelastic axial deformation of at least 2004,,,. The third
stage loading had larger numbers of low-cycle inelastic deformation until core failure. Axial and
transverse displacements were imposed to the specimens in the horizontal plane to simulate the in-
plane frame action effect at the gusset connection.

All three specimens performed well during the AISC loading protocol (Stage 1), fracturing
during Stage 3 testing. For all specimens, the maximum values of compression strength adjustment
factor, B, were less than the AISC limiting value of 1.5. The computed cumulative inelastic
deformation for all specimens were greater than 2004,,,. Note that Specimen 9P dropped during
construction before it was shipped back for testing, the brace performed well throughout the testing
protocol and did not show any degradation in strength. In addition, steel core of Specimen 10P
was intentionally made from a plate with a low CVN toughness. This was lower than the New
Zealand code requirement but above the AISC requirement. Test results showed that this low-

toughness BRB still exhibited a satisfactory cyclic performance.
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Conclusions

Based on the test results, the following conclusions can be made.

All three specimens performed well during the AISC loading protocol; no brace instability
or brace end connection failures were observed. The braces fractured during Stage 3 loading
protocol, whereby it incorporated greater deformation demands.

The brace axial force versus deformation response showed stable and repeatable behavior
with positive incremental stiffness.

For all the cycles with an axial deformation greater than the yield deformation, Ap,,, the ratio

of the maximum compression force to the maximum tension force, [3, was under 1.5 for all
stages of the loading protocol.

For all the cycles with an axial deformation greater than the yield deformation, Ay, the
maximum compression and tension forces were not less than 1.0 times the nominal brace
yield force for all stages of the loading protocol.

The cumulative inelastic deformation achieved by all the specimens were significantly
greater than the minimum 2004,,, that is required by AISC Seismic Provisions for uniaxial
brace test specimens.

Specimen 9P had been dropped from a height of multiple stories during construction before
it was shipped back for testing, the brace performed well throughout the testing protocol and
did not show any degradation in strength.

Specimen 10P was made from a core plate with a CVN toughness lower than the New
Zealand code requirement. Tests results showed that this low-toughness BRB still exhibited

satisfactory cyclic performance.
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Corporate Quality Policy Statement

It is the intent of COREBRACE to produce steel products that are in compliance with all
applicable codes, standards and job specifications. COREBRACE further certifies that they intend to
manufacture Buckling Restrained Braces utilizing materials and processes that are essentially identical to
test specimens in accordance with the COREBRACE Quality Assurance Procedures and Manuals. All
fabrication will be produced using Engineer approved drawings and specifications. At no time will
modifications to the approved designs, or substitution of materials be made without the explicit approval
of the Design Engineer. Only approved materials shall be used. All materials requiring traceability will
be monitored with the appropriate documentation being maintained on file for review to verify
compliance with material specifications. All departments shall comply with this policy.

COREBRACE has an independent Quality Assurance Department to monitor the production of
Buckling Restrained Braces for compliance with code and job specifications. The department is
Independent of the Production Departments and has final authority on all matters relating to quality and
acceptance of the final product. The Quality Assurance Manager reports to the President.

It is the further goal of COREBRACE to provide a product that meets all of the customers’
specifications and delivers it on time. All company policies and procedures will be initiated from West
Jordan, Utah, including material trace-ability records and Quality Control Documentation. This Manual
shall be reviewed as a minimum annually for revisions.

/
Approved /%/ / /
Cr

Contact: Michael S. Linford, S.E.
President

mike.linford@corebrace.com
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This manual covers Standard CoreBrace requirements. If a given project has specific requirements, they

will be provided as a separate document.
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Introduction

Steel used in structural design affords unique properties to the engineer. It is both strong and
flexible. It's excellent elastic properties permit columns and beams to deflect under load and
return to their original position. This elastic region, however, is only a small piece of steel's
capabilities. As loads exceed the yield point of the steel alloy, the material can stretch or
compress plastically. Permanent deformations in steel structures after a traumatic event, are
evidence of steel's ability to deform without failure. The steel has "failed™ in terms of allowable
stress design, but the structure has not. The unanticipated stress has been effectively and safely
removed due to the normal plastic deformation of the steel. Steel's ability to deform without
fracture can be used by the designer to effectively absorb atypical stresses placed upon a
structure by seismic activities.

One only needs to look at a stress-strain diagram of common structural steel to see why steel can
safely plastically deform without catastrophic failure. The elastic region of the curve is only a
small portion of steel's response during tensile stress. The area of uniform plastic flow represents
a comparably large area of safe deformation for steel that is not normally utilized by the
Engineer. The toughness of the steel permits the material to absorb the strain energy imposed by
the particular load without cracking or failure. Utilizing the region of uniform plastic flow
increases the engineering potential of this economical material. The coreBrace Buckling-
Restrained Brace effectively harnesses this potential.

coreBRrRAcE has developed the Buckling- i
Restrained Brace and characterized its properties U‘;gg;’: Noi;ﬁ;::f(’;”“
through extensive testing of full-scale brace mock- Elastic flow flow

ups. The repeatability of the tests and the quality of o ]
the actual product is assured through the company

quality program.

.

© Fracture

Engineering stress

The designed plastic flow of the steel must be
controlled and remain in plane to adequately
support a given structure. The unique
coreBRAcE design surrounds the load carrying Engineering strain

steel core in a Proprietary Fill Material (PFM) R

filled HSS casing. The strength and stiffness of the PFM and casing keeps the steel core from
buckling out of plane while absorbing the stretching and compressing loads encountered during
seismic activity. Special proprietary interface materials (P1M) isolate the steel from the PFM to
permit the steel to slide within the casing elements without binding and thus optimizing uniform
plastic flow.

Total elongation
to fracture '

The toughness is built into each heat of steel purchased. Properties are verified for each piece
incorporated into the core of a Buckling-Restrained Brace. Welding is controlled following the
requirements of the American Welding Society as modified by coreBrace. PFM mix
designs and placement are carefully controlled to assure uniform mechanical properties and
repeatability. Every effort is taken to assure that each Buckling-Restrained Brace performs as
designed.
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Quality Assurance

The successful completion of the Product Acceptance Plan and Testing verify that the
fabrication processes used to build the Buckling-Restrained Brace meet the designed
performance specifications. By controlling certain critical fabrication operations, CoreBrAcE
assures they will repeatedly provide a product that will perform as originally tested. Purchasing,
material preparation, assembly and special processes are closely monitored, and the data
recorded for examination. The data verifies company fabrication operations are within the
tolerance limits needed to maintain product reliability.

The steel core component of the brace requires the most monitoring and in-process testing by
cCoreBrack. The materials are tailored into the Buckling-Restrained Brace by testing and
heat number traceability. Certifications and qualifications are checked before any fabrication
begins. Fabrication methods are modified to conform to the parameters established by testing in
the Product Acceptance Plan. Only after complete acceptance of the steel core by
CoreBRrAcE inspectors, are these welded assemblies cast into their PFM sleeves.

The outer casing of the brace is made of three parts: an outer steel casing, a PFM matrix, and a
proprietary interface material (PIM) between the PFM and assembled steel core. The steel core is
carefully wrapped with the PIM. Precision assembly is required to provide the desired plastic
deformation performance of the steel core. PFM is placed using the same techniques proven in
the Product Acceptance Plan. Destructive tests are performed on samples taken from each
batch of PFM used while casting the Buckling-Restrained Brace.

Verification of product quality is performed at various stages of coreBRrAcE fabrication. It is
important to document acceptance of all fabrication activities critical to the performance of the
Buckling-Restrained Brace before proceeding with subsequent operations that could make
rework or repair more costly or difficult to perform. Inspection results are recorded on
coreBRrAacE inspection report forms and stored in company archives as required by the
Quality Assurance Procedures and Manuals. A documentation package is assembled for each
individual Buckling-Restrained Brace to record the tests and inspections performed on each
brace assembly. Braces and component pieces are tagged in accordance with the corEBRACE
Steel Tagging Procedure. Red tags signify that a hold point has not yet been accepted or that
other rework operations must be performed. If discontinuities or process discrepancies are found
during inspection, the inspector documenting the situation for management review and corrective
action writes nonconformance reports.

This manual designates procedures that are imposed on coreBRrRAcE Operations to assure
quality. The supplemental Quality Assurance Manual specifies technical requirements for quality
assurance. The Quality Assurance Procedures govern over the Quality Assurance Manual.
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Plate Material Receiving

The steel plate used in the fabrication of the Buckling-Restrained Brace steel cores is purchased
and controlled in accordance with The American Institute of Steel Construction Code of
Standard Practice and the CoreBRACE Quality Assurance Manual. The Code of Standard
Practice requires that all structural material received by CoreBrace be traceable to its certifying
documents. The CoreBRACE Quality Assurance Manual further requires that the material used
for the Buckling-Restrained Braces be readily traceable to its certifying documents during all
phases of fabrication.

Once submittal drawings have been reviewed and the structural steel layout drawings match, the
steel plate can be ordered. Material standards for the plate are verified for the order. The
thickness and quantities of plate are verified for the order. Plate is ordered with issuance of
Purchase Order (PO) agreement only. Purchase Order must specify the plate acceptable range for
Fy as per specification and ASTM standards it must meet. The results of the Mill Test Reports
(MTRs) shall be forwarded as soon as test results are recorded. Copies of the MTRs are also sent
with the plate shipment. MTRs are verified that they meet material specifications for project and
are data based, logged, scanned, and filed both electronically & manually in the Plate # folders
by the Project Manager (PM). Then Project Manager shall submit MTRs for review. If MTRs do
not meet material requirements, either perform coupon test, reject plate or write Request for
Information (RFI) for acceptance of use and coreplate dimension adjustments. Additional coupon
tests are performed as required on project specifications.

The received plate is inspected for obvious kinks, warps, excessive rust, damaged edges,
contaminates, deformities, surface porosity, uniform thickness, etc. If any unacceptable traits are
observed, they are reported to the QC inspector. Plate with noted problems is subject to rejection
and may not be offloaded. Prior to offloading, the Bill of Lading is checked against original PO.
Also, the Heat #s and MTRs are verified. Any discrepancies shall be noted on the bill of lading
and signed both by the driver and receiver and the PM shall be notified of such ASAP. Non-
conformity between Bill of Lading and PO may be cause for rejection of part or all of shipment.
Receiver shall notify Project Management (PM) of any such discrepancies. The plate is oft-
loaded from the delivery trucks and stored in protective areas. It is verified that Heat numbers
have been printed on these plates by the producing mill. The heat number is a unique
identification code established by the producing mill to positively distinguish the plates received
at CoreBRACE from other plates produced by the mill. The heat number on the material
corresponds with an identical heat number recorded on the material test reports (MTR) provided
by the mill for documentation. The MTR records the results of the testing performed by the mill
as they verify their materials meet the requirements of the controlling ASTM material
specification and the CorReBRACE purchase order. Each received plate is marked with next
sequential and unique plate number (PL#). CoREBRACE marks all of the components as they are
cut from these plates with the corresponding PL#. All cut parts may then be traced back to the
specific MTR as they are processed through company fabrication operations.

Revision 7.6 Page 8 8/15/2024



Development & Permitti

City of Puyallup

ng Services

ISSUED PERMIT

/7 COREBRACE

EUFERIOR SEIESMIC PERFORMAMNCE

Fire

Traffic

Receiver is responsible for all duties associated with receiving plate as noted here-in, including
all inspections, markings, document verification, noting any dispositions, documenting stored
location, and forwarding all such documentation to PM for records & filing. for resolution of all
dispositions and recording and filing of information both electronically and manually.
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Coupon Testing

The governing ASTM specifications permit the producing mill to determine compliance of all
plates rolled in one heat based upon tensile tests run on a representative sample of the heat. The
mill test reports (MTRS) will be used to determine plate material compliance with specified
requirements. If MTRs are not in compliance, or if required by the project specifications,
cCoreBRrAcE may elect to perform additional tensile tests on at least one plate of steel in a heat
in conformance with ASTM A370 and ASTM E8. The actual tensile and yield strength values
obtained from these additional tests will be used to determine compliance with the specified
requirements.

Test coupons are cut from the end of the plates at typically the midpoint in from the edge of the
plates. From this coupon, two samples are milled by the testing lab, to be tested in the
longitudinal direction. Specimens are marked with the coreBracEe plate # and then shipped
to the lab.

Test results are received from the lab and the average of the two tests is compared to the project
specifications. If test results meet specification the plate is approved for production. If test results
do not meet specification resampling and testing may be performed. If test results still do not
meet specification, the plate may be rejected or an RFI may be written to adjust BRB design per
test results. If design adjustment is deemed acceptable the plate will be released for production
and the shop drawings will be revised accordingly. Otherwise plate shall be rejected for the
project. Rejected plate shall be restocked for future projects with different specifications or
transferred out of inventory. All actions will be logged in the data base plate log and filed to the
plate corresponding plate # file.
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Welding Material Control

Welding materials are similarly controlled. Filler metals are purchased to conform to the
requirements of the latest edition of American Welding Society (AWS) and COREBRACE
welding procedures. Shielded metal arc welding electrodes conform to AWS AS5.1/A5.1M, flux-
cored arc welding electrodes conform to AWS A5.20/A5.29, and electrodes used for gas metal
arc welding and metal cored arc welding or submerged arc conform to the requirements of AWS
AS5.18/A5.28 and A5.17/A5.17M respectively. Each container is printed with the manufacturer's
statement of conformance to the appropriate AWS specification. Welding filler metals are
produced in a continuous process, not subject to distinguishing identification that characterizes
discreet batch runs common to structural steel members. The manufacturer, to comply with AWS
specifications, tests the filler metal forming process regularly. The minimum tensile strength of
the E70 class electrodes used in production is 70,000 psi [470 MPa]. The welding materials are
also selected for toughness. These materials provide production welds with minimum Charpy V
Notch (CVN) properties of 20 ft-1bs [27 J] @ -20°F [-30 C]. All filler materials used in joining
are certified as "low-hydrogen" by the manufacturer. They meet H16 requirements of the filler
metal specifications and are tested by the manufacturer to verify diffusible hydrogen levels are
below 16mL per 100 g of deposited weld metal.

Production welds using low-hydrogen welding materials and techniques provide superior
mechanical properties in the finished weld. Moisture contamination of the welding filler
materials and submerged arc welding flux must be prevented and is controlled throughout all
phases of fabrication. Welding materials are off-loaded and stored in a protected area in the
manufacturer's original packaging to prevent atmospheric contamination. Welding materials are
used and stored in accordance with the manufacturer's requirements to maintain the low-
hydrogen condition of the materials.

Welding electrodes used for shielded metal arc welding are stored in heated rod ovens after they
have been removed from their original containers. They are held at a minimum holding
temperature of 250°F [121 C] until they are released for use by the company leadman or quality
control inspector. Typical shielded metal arc welding electrodes used to fabricate the steel brace
are permitted to be exposed to atmospheric contamination for no more than 4 hours, though
specially formulated "moisture resistant" electrodes are available that may be exposed for up to 9
hours without degrading the mechanical properties of the weld. Electrodes that have not been
used within the allowable exposure time are reconditioned by baking a maximum of one time in
a separate rebake oven held at a minimum of 500°F [260 C] for at least 2 hours or discarded.

The bare ends of the electrodes are painted to identify them as reconditioned. The reconditioned
electrodes are placed back into the holding ovens for production use. Electrodes may only be
reconditioned in this manner once. They are scrapped after being exposed to the atmosphere a
second time.

Spooled or barreled welding electrodes used for flux-cored, gas-metal, metal cored, and
submerged arc welding will be protected from atmospheric contamination during use.
Condensation of moisture on the surface of the electrode must be minimized to maintain the low
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hydrogen properties of the filler metal. Spools of filler metal remaining on the wire feeding
equipment will be covered when not in use to prevent moisture condensation on the wire
overnight. Equivalent methods may also be employed to prevent moisture condensation, such as
spool covers furnished with some wire feeding equipment. All covers should permit some
airflow within the cover to prevent moisture condensation under the preventative cover. Ideally,
spooled welding electrodes should be consumed within the exposure limitations specified by the
manufacturer after removal from the original container.

Fluxes used for submerged arc welding must be dry and free of contamination from dirt and
other foreign material. The flux is stored in covered containers that properly identify the type and
brand of stored flux. Flux may be stored in the manufacturer's original hermetically sealed
container for up to six months without degradation. Open bags of flux may remain in the work
area while submerged arc welding operations are being performed. If flux is used from an open
bag, the top one-inch of flux shall be discarded before use.
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Core Plate Fabrication

Steel brace components are laid out and "nested" on the plates before CNC cutting. The
identifying material heat number is recorded onto each component piece in a location and
manner that will not be obliterated or hidden by subsequent fabrication operations.
CoREBRACE operators verify the correct transfer of heat numbers to the components and
release the plate for cutting.

The components are cut by oxy-fuel and plasma CNC cutting techniques. Plate # are verified.
The oxy-fuel and plasma cutting process provides excellent dimensional accuracy with square
cuts. The general roughness of the cut in the yielding length and elsewhere cannot exceed
CorEBRACE standard. The roughness is compared to base samples for acceptance. The cut
edges are dressed by grinding to remove occasional notches and carburized metal. Notches are
repaired by grinding or welding in accordance with CoREBRACE repair procedures. The repairs
in the yielding region may be subject to Magnetic Particle Testing (MT) procedures in
conformance with AWS D1.1/ASTM E709. Notches greater than 3/8” in the yield length may be
cause for rejection of the piece.

The cut edges of the components are also visually inspected for laminar discontinuities. If there
is any evidence of such discontinuities the piece will be examined via UT process.
Discontinuities are evaluated and repaired in conformance with the requirements of AWS D1.1
section 7.14, Preparation of Base Metal.

Dimensional tolerances are checked at fit-up. Parts are marked with Plate # and Part # and
okayed for dimensional check. If parts are not acceptable, repair, fix or other use is considered.
If so, a corrective action is logged. Repairs, fixes or reallocations are made and the parts are
rechecked. Tolerance checks are recorded in the inspection reports. Inspection reports require
indication of inspection and initial of inspector prior to BRB parts proceeding to next operation.

Revision 7.6 Page 15 8/15/2024



/7 COREBRACE

SUPERIOR SEISMIC PERFORMANCE

CORE PLATE
ASSEMBLY

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

ey [ )

Engineering Public Works

Fire || Traffic

on check chart

[ Fit up parts & log }

Rework
Fix

Log on check
chart
~—

\ 4

Complete
welding

A

Log on check
chart and file

Page 16
Revision 7.6 8/15/2024



City of Puyallup
Development & Permitting Services
ISSUED PERMIT

/7 COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Fire Traffic

Core Plate Assembly

Fabrication of the Buckling-Restrained Brace begins after coreBracE has accepted material
preparation. After acceptance, material is released for further processing. coreBrace QC
inspector checks the piece mark numbers and plate numbers against the assembly list to verify
the particular brace is assembled with the correct material.

The component pieces are assembled according to the shop detail drawings. Gaps between pieces
are as required by AWS D1.1. Alignment, squareness and sweep checks shall be as per
CorREBRACE’S proprietary standard.

The only welds permitted on the Buckling-Restrained Brace are shown on the shop detail
drawings. No unauthorized welds are allowed. Temporary attachments to facilitate fit-up and
welding are permitted outside of the yielding segment. All tacks used to assemble the braces
must be incorporated in the final weld. All temporary attachment welds must be completely
removed by grinding and the area visually checked by the fitter for excessive reduction in
component thickness or cracking in the material. All final welds and reworked temporary
attachment areas will be inspected in accordance with AWS D1.1 as modified by coreEBRrACE

After assembly, the welder checks the tack welds before final welding to ensure the tack welds
are clean and free of slag or foreign material that could prevent quality welding. The tack welds
are also checked for cracks or other welding discontinuities at this time. Tack welds are
performed to the same acceptance criteria as the final weld. Welding of the steel brace begins
after the welder has determined the tack welds are acceptable.

Final welding is performed in accordance with coreBrace welding requirements. The
necessary preheat and interpass temperatures, wire feed speed (wfs), voltage values, and other
welding requirements are detailed on the applicable welding procedure specification (WPS).
Monitoring and random verification by coreBrace QC will be performed.

coreBRrack inspectors visually examine all welds after final welding has been completed,
prior to assembly in the supporting PFM sleeve. The acceptance criteria for production welds are
detailed in Table 6.1 of AWS D1.1 as modified by coreBrace. Welds are measured to verify
the correct weld size has been achieved. They are checked for welding discontinuities such as
porosity, undercut, overlap, slag inclusions, and cracks. These discontinuities are repaired by the
welder as permitted by AWS D1.1 as modified by coreBrACE.

Upon acceptance of the structural welding of the Buckling-Restrained Brace, fit-up is rechecked.
If acceptable, the piece is tagged tag and released for PIM material assembly.
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Bolt Hole Drilling (When Required)

Bolt hole drilling is performed on a high-speed Drill Line utilizing special drilling frame rig or
other drilling tools. Centerlines of core parts are verified at each end of the core part or lug
assembly. Then the parts are mounted into the drill frame rig and secured. Verification of
alignment and clamping of assembly is made. If lug assembly is drilled separate from core plate,
centerline verification is made when lug assembly is attached to core.

Parts are input into the program. And core parts are loaded to drill line. Hole locations are
verified then holes are drilled. Alternatively holes are manually laid out and verified and drilled
with other tools.

Bolt hole tolerances are checked and recorded. If parts are acceptable, initial of inspector shall be

recorded on the check chart. If parts are not acceptable fixes, such as plug weld and redrill or
connector adjustments, will be assessed. If repairable, log corrective action and make repairs.
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Welding and Nondestructive Examination

Welding and nondestructive examination are considered special processes by various quality

disciplines. Properly trained technicians, qualified to perform their special process by testing,
work in conformance with caoreBrAcE procedures to repeatedly provide welds and testing
that meet the requirements of the governing code.

Company welders are required to pass initial qualification tests to weld the components together.
The welders test (QW) assures the welder has the ability to produce welds that meet the visual
and testing requirements of AWS D1.1 within the process, position, and thickness limitations.
They are requalified as required by the welding code every six months by either verifying the
welder's use of the process within the six-month period or by qualification testing.

Company nondestructive testing technicians are initially qualified in accordance with ASNT.
The tests include evaluation of general nondestructive testing concepts, concepts specific to the
testing process and a practical examination to evaluate the ability to use the testing method
correctly on a test piece with known discontinuities. Technicians are recertified every three years
as recommended by SNT-TC.1A on the basis of continuing satisfactory performance or retesting.
They have their eyesight tested every year. Technicians must be capable of reading Jaeger #2 test
charts at a distance not less than 12 inches and be capable of differentiating and distinguishing
contrast among colors.

CorReBRAcE inspectors are responsible for final acceptance of the welded assemblies. They
have sound experience in quality welding operations and shop manufacturing techniques. They
have been trained in the visual acceptance criteria of AWS D1.1 and methods of performing
visual examination of welds. AWS D1.1, Section 8.1.4(3), Inspector Qualification Requirements,
recognizes the qualification of the CoreBrace inspectors to perform welding inspection in
accordance with the AWS Structural Steel Codes. coreBrAcE also accepts national certifying
agencies’ qualifications, such as the AWS certified weld inspector program.

The coreBrace Welding procedures are developed to document the essential welding
variables used when making the successful weld. They are written to conform to the
requirements of AWS D1.1, Section 5, Prequalification of WPSs, or Section 6, Qualification, as
applicable as modified by coreBracEe. The coreEBRrRAcE nondestructive examination
procedures, like the welding procedures, also document the essential variables of the
examination process for the qualified technician. The procedures are written to conform to AWS
D1.1 and the appropriate ASTM specifications as modified by coreBracEe. All of the
procedures establish the sequences and parameters the qualified welder or nondestructive testing
technician must follow to produce repeatedly acceptable welds and valid examinations.

The steel components of the Buckling-Restrained Brace are joined together by welds.
Destructive tests of numerous assemblies were performed in accordance with the Product
Acceptance Plan for the BRB. The data collected and visual examinations of the braces after
destructive testing have shown the welds perform well and meet product design requirements.
Repair welds were also introduced into the test assemblies for evaluation. Welding repair had no
noticeable effect on the performance of the Buckling-Restrained Braces. Repair welds are
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permitted after evaluation of the discontinuity by coreBrAcE inspectors in accordance with
the requirements of AISC, ASTM A6, AWS D1.1, as modified by coreBrace. These Codes
and procedures specify the extent of nondestructive testing to be performed on weld repairs.
Methods and acceptance criteria will vary according to the severity of the permissible weld
repair. The essential variable parameters for all company welds are documented in
coreBracke Welding procedures.
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Proprietary Interface Material (PIM) Assembly

The PIM material is the same type of material used in coreBRrAcE testing. Parts are marked
with Brace # and Part # and okayed for final dimensional check. PIM is dimensionally checked
during the cutting process to conform with the individual part drawings including lengths, width,
and thickness and that the proprietary fabrication tolerance for air gap will be maintained to
within coreBracE standards. If parts are not acceptable, fix or re-cutting is performed and a
corrective action is logged. Repairs, fixes or re-cuts are made and the parts are rechecked.
Tolerance checks are recorded in the PIM section of the inspection reports. Inspection reports
require indication of inspection and initial of inspector prior to assembly. These reports are
proprietary and can be viewed at the CoreBrace office or fabrication facility.

The PIM is then assembled to the core element of the brace. Upon completion the PIM is verified
by qualified personnel to be within coreBracE standards. Nonconformance assemblies are
repaired or replaced. coreBrAace QA inspector performs random audits.
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Buckling-Restrained Brace (BRB) Assembly

The casing element of the brace is checked for length. The brace core element is passed through

the casing and centered via the end closure plate at one end of the casing and fit-up aids or Half

endplate at the other end. The core element is checked for center of the casing at the casing ends.
Also the end cap gap tolerance is checked.
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Proprietary Fill Material (PFM) Placement

Additional PFM placing aids are added to the brace assembly. Then the assembled core and
casing unit is hung vertically for PFM placement via pump through the top end of the casing.
Special proprietary mechanisms are utilized to insure the brace core does not deflect during PFM
placement.

The required quantity of PFM is calculated and ordered from the supplier. Prior to placing PFM
the batch ticket for each delivery truck is checked for conformance with mix design. The mix is
checked visually and any necessary adjustments are made. A Spread test (ASTM C1611) is
performed and Temperature (ASTM C1064) and Air Content (ASTM C231) measurements are
taken by an independent testing agency qualified to perform the testing. Once these
measurements are confirmed to be within acceptable limits PFM placement commences. A non-
conforming batch of PFM is rejected and the delivery truck dismissed.

All personnel performing any fill material testing shall be qualified and all equipment used shall
be calibrated in accordance with the applicable standards and code. If requested, independent
agencies performing testing shall provide evidence of qualification and certification satisfying
the code and Jurisdictional requirements. Reports and records of testing shall be submitted to
CoreBrace on completion of the testing, for project submittal.

After PFM has been placed, a check is made for any minor PFM settlement and is topped off as
necessary. Due to the natural “self-consolidating” properties of the PFM no extraneous
consolidation procedures are necessary. Four test cylinders (ASTM C31) are made for every
batch of PFM for future testing to verify the PFM compressive strength (ASTM C39). These
cylinders are typically tested at 3-day, 7-day, and 28-day intervals as required to verify that the
compressive strength is per standard. If the PFM does not come up to the requisite strength then
the BRBs containing that batch of PFM are rejected and re-fabricated.

The coreBraces are allowed to cure for a minimum of 1/2 day prior to removing from pour
racks.
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Final Finish System

Prior to surface prep the end plate at the top end of the brace is placed and sealed and sealant is
allowed to cure, if required. Then the brace is cleaned as per project specifications. At this time
both the casing and the ends of the core that protrude beyond the casing are prepared. After
surface preparation is visually inspected the brace is sent to paint with appropriate areas masked

off.
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Shipping and Final Inspection

One last visual check of the brace is made. Any objections are repaired, and the brace is prepared
for shipment.
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Site Quality Control

coreBRrackes shall be stored on dunnage keeping them free from contacting site surfaces in
order to protect finishes. Soft material between the dunnage and the coreBrACE IS
recommended to protect finishes. coreBraces may be stacked with dunnage between levels.
It is recommended that the stacks be covered with tarps to protect them from damage to finishes.

coreBrackes shall be handled in a manner to prevent impact loading to the brace. If
CoreBRACES are subjected to impact loading causing gouging or deformation to any of the
steel components, coreBracE shall be notified immediately for further evaluation.

Erection

Each coreBrAace Will be provided with a piece mark identification that correlates to the
erection drawings for determination of brace location in the field.

If requested, coreBrAcE Will provide lifting lugs on the braces. Removal of such lugs, if
required, is not by coreBrace. Remove lugs by torch cutting to within 1/16” of face of
casing, then grind smooth. Do not gouge the casing or remove more material than the original
casing had. In lieu of lugs coresraces may be choked with slings. Soft non-metal straps are
recommended for choking braces to minimize damage to finishes. The method of erection
remains the responsibility of the erector.

During erection, coreBracEes Shall be handled in a manner to prevent impact loading to the
brace. If coreBrAcEs are subjected to impact loading causing gouging or deformation to
any of the steel components, coreBracke shall be notified immediately for further evaluation.

Any field modification to the coreBRrAcEs shall not be permitted without written consent of
coresrAcE. Attachment of any items to the coresrAacEs shall not be permitted without
written consent of coreBracEe. Utilize standard RFI procedures for the project if such
conditions are necessary.

coreBRrRAcEe excludes touch up paint requirements due to handling and erection after delivery
of braces.
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Attachments

QA Plan Hold Point Check Tables
Sample Inspection Reports
Core & Lug Cut Check Chart
Core & Lug Edge Check Chart
Bolt Hole Layout Check Chart
Core Assembly Check Chart
PIM Assembly Check Chart (Proprietary not included)
CB Assembly Check Chart

Casing Check Chart
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CORE BRACE, LLC.
QA Plan Hold Point Check Table
# Description Standards Tolerance
1 | Verify Plate MTR ASTM As specified
2 | Coupon tension test ASTM A370 As specified
ASTM ES8
3 | Cut dimensions of brace CoreBrace +/- 1/4” longitudinally
core parts +/- 1/8” transversely
3 | Cut edge roughness
Yielding length = 1000 pinches
of Standard Practice
Remainder AWS D1.1 Section 7.14 = 1000 pinches
Notches yielding length | AWS D1.1 Section 7.14 = 3/16” flare grind or weld
& CoreBrace > 3/16” repair
> 3/8” may reject
Notches elsewhere AWS D1.1 Section 7.14 = 3/16” flare grind or weld
& CoreBrace >3/16” repair
3 | Laminar discontinuities See cut edge roughness, See cut edge roughness
UT examination if
observed
3 | Holes spacing & alignment | CoreBrace +/- 1/16”
3 | Core Assembly CoreBrace See check chart
3 | Welds and Weld Repair of | AWS D1.1 Sections 5, 7 | Pass visual by qualified
core & 8 as modified by inspector
CoreBrace
4 | Special fabrication of PIM | CoreBrace Proprietary
4 | Seal PIM CoreBrace Visual, no gaps
4 | PIM & Fit-Up CoreBrace Proprietary
5 | Casing length CoreBrace +- Y
5 | Center of core in casing CoreBrace -
6 | Surface preparation casing | Specification Standard As specified
and ends
6 | Inspect paint Specification standard As specified
7 | PFM strength Proprietary Proprietary
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Mark#:
Plate# Main Core:
Hole to Hole: Part# Main Core:
Heat #: Check at Fit-Up Date:
Travels with Mark #
Lug Cut Check Chart Qc Initials:
Dim Description Tolerance Pass

L Overall length +/-1/4"
Ls. End of lug to transition +/-1/4"
Lig Length along lug +/-1/4"

a Transition length +/-1/4"
Lot |Length of hairpin to start of radius +/-1/8"
W,  |Width of lug at bolt group +/-1/8"
W’se  [Width of lug at end in casing +/-1/8"

Wy [Width of hairpin +/-1/16"
W, Width of lug at hairpin +/-1/8"
Fayin rf f both en lean and fr f paint, silicone or
e o
Verify correct surface preparation (i.e. Class A or B) NA
Core Cut Check Chart Qc Initials:
Dim Description Tolerance Pass
Ly, Overall length +/-1/4"
Ln, Lt |Slot Length-end of core to radius; transition length +/-1/8"
W, W |Width along entire length of steel core +/-1/8"
W,  |Hairpin width 0"~+1/16"
W, [Centered +/-1/16"
Core & Lug Edge Check Qc Initials:

Dim Description Tolerance Pass
Ly, Lo Gouges from QC/QA manual <= 3/8"
L. L Laminar discontinuities in yield section UT if observed <= 3/8"
Gouge |Gouge <=3/16" flare 1:10 or weld, >3/16” & <=3/8 weld as stated
Laminar [Laminar <=3/16" flare 1:10 or weld, >3/16” & <=3/8 weld as stated

Roughness |Repair as needed by grinding 1000y
Lug Part #:
Lug Bolt Hole Layout Check Chart QC Initials:
Dim Description Tolerance Pass
d1,92 [Gauge between bolt rows, check 1st and last bolts of row +/-1/16"
Align |Bolt row alignment, check all bolts in row +/-1/16"

s Bolt spacing, check all bolts +/-1/16"
s/2 Bolt spacing between inner and outer line +/-1/16"
Hole [Size, Burrs, Elongation AISC

# of failures if any:
Potential Fitter:
Cause?: Welder:
Disposition
(Repair, Fix
or Loss):
cc: Project Manager
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Job#:

Plate # (main):

Travels with Mark # Mark #:
Date:
Core Assembly Check Chart Qc Initials:
Dim Description Tolerance Pass
CL, Centering of lug plates. Check at both ends. +/-1/16"
sQ Square of lugs. Set square to plates and measure maximum +/-1/16"
© gap. Check at both ends of brace.
Sweep , A "1
Any 10' along plate edge, check both directions +/-1/4"/10
Brace
Bolt Align Al|gnment of bolt rows end to end of brace. Check with +/-1/8"
string along edge of holes
Alignment of holes through both lug plates. Test bolts shall "
Bolt Centers easily slide through both plies of each hole. +-116
Lh Out to out dimension of outermost holes +/-1/16”
Lua G At root of lug plates at center of lug +1/32"
ug =ap Additional flare at end of brace, (6) bolts total or less: 3/8" otherwise 1/2" | -1/8”, +1/4”
Ws Yield: Visual per AWS/AISC as modified by CoreBrace
W, Lug: Visual per AWS/AISC & 1:1 taper at start & termination
Gy Yield gouge <= 3/16" flare 1:10 or weld, > 3/16" & <= 3/8 Repair
weld
Ge Elsewhere gouge <= 3/16" flare 1:10 or weld, >3/16" weld Repair
Yield: Laminar <= 3/16" flare 1:10 or weld, >3/16" & <= 3/8" .
Ly Repair
weld
Le Elsewhere: Laminar <= 3/16" flare 1:10 or weld, >3/16" weld Repair
Ry Yield: Roughness repair as needed by grinding 1000u"
Re Elsewhere: Roughness repair as needed by grinding 1000u"
ww Was the proper welding wire used?
0.045 Wire for 3/16" welds and./or 0.5" thick material
5/64 Welding wire for all larger welds and material
Center |ONLY REQUIRED FOR BRACES WITH CENTER STIFFS:
Stiffener |Verify stiffener is at center of yield section and center of +/-1/8"
Location |brace longitudinal axis

# of failures if any:

Potential
Cause?:

Disposition
(Repair,
Fix or
Loss):
cc: Project Manager

¢ - ¢ and fit up OK

Top Side visual OK

QC initials in boxes

. . City of Puyallup
Final visual OK Development & Permitting Services
ISSUED PERMIT

Building lanning

Engineering Public Works

Fire Traffic
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Job #:
Mark #:
Date:
Travels with Mark # Part #
Casing Check Chart Qc Initials:
Dim Description Tolerance Pass
Length Overall length +/-1/4"
Width Out to out width Correct
Thickness |Wall thickness Correct
Gap Gap between end cap and core, check all sides 0-3/8”
Inspect entire exterior of the seam weld and interior @ each| No Visible
Seam Weld endp © Discontinuities
Exterior Dents in casing, Check all sides and corners 0-1/16"
Sweep Is the casing bowed, bent, bent or disformed? Check all "
Casing side from end to end. 114710
Part #:
CB Assembly Check Qc Initials:
Dim Description Tolerance Pass
CL HSS |Center HSS casing on core length wise +/-1/4"
Cap Weld Continuous at flat fapeg seal weld corners & seams if Visual
exposed. No overgrinding of cap weld.
Pour End |ls the core properly supported and centered?
Temp Cap [Fill bottom joint completely with caulk Visual
Caulk Seal [Place 12 hours prior to pour Visual
Support Tabs|Any gouges from support tab removal Visual
All welds |Any excessive grind or sanding marks?
Faying surface of both ends clean and free of paint, silicone
Lug Surface or :lnegtjal burrs (both ends-bolted surface betw:en lugs) as stated
AESS? AQditionaI cleanup wellds, sharp edges, fit-up, seam weld
filling, and seam location. CHECK FAB DWG
Finishes Qc Initials:
Dim Description Tolerance Pass
Primer Correct primer applied?
Primer  |Applied to manufacturer/specification requirements?
AESS Does the Brace have AESS Requirements? (See DWG) Yes / No I
AESS If yes, Does the brace meet Requirements? (See DWG) AISC
# of failures if any:
Potential
Cause?:
Disposition
(Repair, Fix
or Loss):
cc: Project Manager _
City of Puyallup
Development & Permitting Services
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Welder qualification summary and continuity log

Shift and Date
Welder Continuity Record Qualified FCAW-G [POSITION
LAST UPDATED: 5/21/2025 Qualified in Qualified Welder Continuity Log 2025
ID# Employee Name Shift Date Process FCAW-G Jan | Feb | Mar | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec
C1 ADRIAN ANGULO 1st 2/6/2017 X 2G 3G RD RD RD RD RD
Cc2 ALLAN LOVE 2nd 8/6/2020 X 1G RD RD RD RD RD
C4 BERNIE GERDES 1st 10/26/2015 X 2G 3G RD RD RD RD RD
Cc7 Brandon Renfro 1st 3/7/2022 X 1G RD | RD RD | RD RD
C13 CODY RASMUSSEN 1st 1/11/2019 X 1G RD RD RD RD RD
C17 DALE TAYLOR 1st 5/31/2019 X 1G RD RD RD RD RD
C19 DAVE MADSEN 1st 12/17/2014 X 2G 3G RD RD RD RD RD
Cc21 DON GREEN 1st 10/30/2018 X 1G RD RD RD RD RD
C22 DOUGLAS LUKER 1ST 10/26/2015 X 2G 3G RD RD RD RD RD
Cc23 DUSTY RUPE 1st 5/23/2019 X 1G RD RD RD RD RD
C24 ELEUTERIO MANCILLA 1st 11/21/2014 X 2G 3G RD RD RD RD RD
C32 JESSE MOORE 2nd 8/14/2017 X 1G RD RD RD RD RD
C34 JULIO JIMENEZ 1st 3/1/2016 X 1G 2G RD RD RD RD RD
C38 KENNETH CHAPLIN 1st 2/25/2015 X 2G 3G 6G RD RD RD RD RD
C44 MARIO ASTUHUAMAN 1st 2/9/2017 X 1G 2G RD RD RD RD RD
C45 MIGUEL HERNANDEZ 1st 4/25/2023 X 2G RD RD RD RD RD
C47 NICK POPPLETON 1st 11/17/2016 X 1G 2G 6G RD RD RD RD RD
C50 Peter Mitchell 1st 4/3/2017 X 1G 2G 6G RD RD RD RD RD
C51 RANDY PHILLIPS 1st 9/2/2015 X 2G 3G 6G RD RD RD RD RD
C54 RONY LOPEZ 1st 1/16/2018 X 1G 2G RD RD RD RD RD
C56 Sam Sotello 1st 4/22/2024 X 2G RD RD RD RD RD
C57 SEAN COOK 1st 10/7/2015 X 2G 3G RD RD RD RD RD
C74 Dalton Lee 1st 5/1/2019 X 1G 2G RD RD RD RD RD
C75 Spencer Henrickson 1st 6/26/2018 X 2G 3G RD RD RD RD RD
C86 Jose Varela 1st 9/1/2020 X 2G 3G RD RD RD RD RD
C95 Kyle Jones 1ST 10/12/2020 X 2G 3G RD RD RD RD RD
C105 |Armando Pena 1st 1/20/2021 X 1G RD RD RD RD RD
C111 |Ward Anderson JR 1st 2/17/2021 X 1G RD RD RD RD RD
C124 |Andrew Cox 1st 8/31/2021 X 2G RD RD RD RD RD
C128 |Sam Munk 1st 10/15/2021 X 1G 2G RD RD RD RD RD
C132 |Jake Rossen 1st 3/18/2022 X 1G RD RD RD RD RD
Cl164 [Jaren Larson 2nd 12/16/2023 X 1G RD RD RD RD RD
C166 |Tyler Rowe 1ST 12/1/2022 X 1G 2G RD RD RD RD RD

Verification of continuous service from inception of the original certification through update period noted. A review of records has shown continuous service within
the process for each welder. The given records included, personal witness, inspector logs, payroll and / or production records. Original certification and portions

of the documents reviewed are available for review at the CoreBrace QA Office, note some documents are sensitive and are not for general distribution.

This document shall serve as an affidavit of this review. To the best of my knowledge this document is accurate and true. This document serves as certification
of continued service through each six month period documented here-in.
« Roger R. Davis

CwWl 24011831
QC1 EXP. 1/1/2027

ogee R Ldeei>

Q.A. Manager - Roger Davis
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Shift and Date

Welder Continuity Record Qualified GMAW
LAST UPDATED:5/21/2025 Qualified in In Welder Continuity Log 2025
ID# Employee Name Shift Date Process GMAW Jan | Feb [ Mar| Apr | May|June| July | Aug | Sept| Oct | Nov | Dec
Cl ADRIAN ANGULO 1st 8/5/2023 X 1G RD| RD| RD| RD| RD
Cc2 ALLAN LOVE 2nd 8/9/2022 X 2F 1G RD| RD| RD| RD | RD
C4 BERNIE GERDES 1st 8/22/2022 X 1G RD| RD| RD| RD| RD
C6 BRADLEE HELLIKSON 1st 8/15/2022 X 2F 1G RD| RD| RD| RD | RD
Cc7 Brandon Renfro 1st 8/15/2022 X 1G RD| RD| RD| RD| RD
C13 CODY RASMUSSEN 1st 3/29/2023 X 1G RD| RD| RD| RD | RD
C17 DALE TAYLOR 1st 8/16/2022 X 2F RD| RD| RD| RD| RD
C22 DOUGLAS LUKER 1ST 7/3/2023 X 2F RD| RD| RD| RD | RD
c24 ELEUTERIO MANCILLA 1st 8/15/2022 X 1G RD| RD| RD| RD| RD
C32 JESSE MOORE 2nd 8/4/2022 X 2F 1G RD| RD| RD| RD | RD
C34 JULIO JIMENEZ 1st 8/17/2022 X 1G 2F RD| RD| RD| RD| RD
C44 MARIO ASTUHUAMAN 1st 8/15/2022 X 1G RD| RD| RD| RD | RD
Cc47 NICK POPPLETON 1st 8/15/2022 X 1G RD| RD| RD| RD| RD
C50 Peter Mitchell 1st 8/15/2022 X 1G RD| RD| RD| RD | RD
C51 RANDY PHILLIPS 1st 11/17/2023 X 1G RD| RD| RD| RD| RD
C54 RONY LOPEZ 1st 8/15/2022 X 1G RD| RD| RD| RD| RD
C56 Sam Sotello 2nd 4/22/2024 X 1G RD| RD| RD| RD| RD
C68 Trevor Valladolid 1st 8/17/2022 X 2F RD| RD| RD| RD| RD
C74 Dalton Lee 1st 2/23/2023 X 1G RD| RD| RD| RD| RD
C75 Spencer Henrickson 1st 8/15/2022 X 1G RD|(RD| RD| RD | RD
C86 Jose Varela 1st 8/15/2022 X 1G RD | RD| RD| RD | RD
C88 Austin Garcia 1ST 8/15/2022 X 1G 2F RD| RD| RD| RD| RD
C95 Kyle Jones 1ST 8/22/2022 X 1G RD| RD| RD| RD| RD
C98 Darrick Lycklama 1ST 8/15/2022 X 1G RD| RD| RD| RD| RD
C103 Levi Running Eagle 1st 8/18/2022 X 2F 1G RD| RD| RD| RD| RD
C105 |Armando Pena 1st 11/16/2023 X 1G RD| RD| RD| RD| RD
C111 |Ward Anderson JR 1st 2/17/2021 X 1G RD| RD| RD| RD| RD
C116 |Bridger Sharp 1ST 11/16/2022 X 1G RD| RD| RD| RD| RD
C124 |Andrew Cox 1st 11/17/2023 X 1G RD| RD| RD| RD| RD
C128 |Sam Munk 1st 8/15/2022 X 1G RD| RD| RD| RD| RD
C129 |Santiago Resendiz Munoz 1st 8/16/2022 X 1G2F RD | RD| RD| RD | RD
C132 |Jake Rossen 1st 11/16/2022 X 2F 1G RD| RD| RD| RD| RD
C138 |Gustavo Garcia 2ND 9/16/2024 X 1G RD | RD| RD| RD | RD
Cl64 |laren Larson 2nd 12/19/2022 X 1G 2F RD| RD| RD| RD| RD
C166 |Tyler Rowe 1ST 11/11/2023 X 1G RD | RD | RD | RD | RD
C173 Miguel Gonzales 1st 2/14/2023 X 1G 2F RD| RD| RD| RD| RD
C176 |Rigoberto Navamete 1st 3/30/2023 X 2F RD | RD | RD| RD | RD
C178 |Donyvon Hamilton 2nd 4/24/2023 X 1G RD| RD| RD| RD| RD
C183 |Eeliciano Astuaman 1st 713/2023 X 2F RD | RD | RD| RD | RD
C188 |Zach Chacon 2nd 1/24/2024 X 1G RD| RD| RD| RD| RD
C189 |Rogelio Bravo 2nd 2/6/2024 X 1G RD | RD | RD | RD | RD
C193 |Julio Perez 2nd 4/16/2024 X 2F RD| RD| RD| RD| RD
C194 |Calvin Landon 2nd 6/6/2024 X 2F 1G RD | RD | RD | RD | RD
C196 |Cody Mccoy 2nd 6/20/2024 X 2F RD| RD| RD| RD| RD
C197 |Kyson Morris 2nd 6/20/2024 X 2F RD| RD| RD| RD | RD
C198 |Paxton Chandler 2nd 6/20/2024 X 2F 1G RD| RD| RD| RD| RD
C199 |Alex Crawford 2nd 7/16/2024 X 2F RD | RD | RD | RD | RD
C202 |Hezekiah Scovel 1ST 9/12/2024 X 2F 1G RD| RD| RD| RD| RD
C203 |Leonel Arenas 2nd 9/17/2024 X 1G RD | RD | RD| RD | RD
C205 |Josh Lenon 2nd 10/7/2024 X 1G RD| RD| RD| RD| RD
C207 |Cortez Keifer 2nd 10/7/2024 X 1G RD | RD | RD| RD | RD
C208 |Raul Gonzalez 2nd 10/7/2024 X 1G RD| RD| RD| RD| RD
C211 |Kaelan Osborne 2nd 10/7/2024 X 1G RD | RD | RD | RD | RD
C212 |Junior Sotelo 2nd 10/7/2024 X 1G RD| RD| RD| RD| RD
C213 |Katherine Young 2nd 11/20/2024 X 2F RD | RD | RD | RD | RD
C214 |Travis Green 1st 1/6/2025 X 2F RD| RD| RD| RD| RD




/CDREBRABE

SUPERIOR SEISMIC PERFORMANCE

Welder qualification summary and continuity log

Shift and Date

Welder Continuity Record Qualified GMAW
LAST UPDATED:5/21/2025 Qualified in In Welder Continuity Log 2025
ID# Employee Name Shift Date Process GMAW Jan | Feb [ Mar| Apr | May|June| July | Aug | Sept| Oct | Nov | Dec
C215 |Daniel Sotelo 2nd 12/3/2024 X 2F RD| RD| RD| RD| RD
C216 |Katrina Potter 1st 1/23/2025 X 2F RD| RD| RD| RD | RD
C217 |Robert Florez 2nd 1/23/2025 X 1G RD| RD| RD| RD| RD
C219 |Christian Hernandez 2nd 1/29/2025 X 2F RD | RD | RD | RD | RD
C220 |Paul Anderson 1st 2/1/2025 X 2F RD | RD | RD | RD | RD
C221 |Thomas McDevit 1st 3/4/2025 X 1G RD | RD | RD
C222 |Jameson Scott 2nd 3/4/2025 X 2F RD | RD | RD
C223 |Jason Duran 2nd 3/4/2025 X 2F RD | RD | RD
C224 |Ronnie Moore 2nd 4/4/2025 X 2F RD | RD | RD
C225 |Kole Leiseth 1st 4/30/2025 X 1G RD | RD
C226 |Shawn Johnston 2nd 3/20/2025 X 1G RD | RD | RD

the process for each welder. The given records included, personal witness, inspector logs, payroll and / or production records. Original certification and portions

of the documents reviewed are available for review at the CoreBrace QA Office, note some documents are sensitive and are not for general distribution.

This document shall serve as an affidavit of this review. To the best of my knowledge this document is accurate and true. This document serves as certification

of continued service through each six month period documented here-in.

Q.A. Manager - Roger Davis

«» Roger R. Davis
CwWi 24011831
QC1 EXP. 1/1/2027

Fegee R deei>—

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building lanning

Engineering Public Works

Fire Traffic




Attach Joint Configurations

Structual Steel AWS D1.1 / D1.8
Welding Procedure Specification (WPS)

Welding Procedure Specification (WPS) FabCOR Edge XP Supporting P.Q.R # Prequalified
Material Specification: Group | & Il Material in Table 5.3 AWS D1.1 (also Group Ill to Group | & I1)
Welding Process: GMAW - Spray transfer
Manual or Machine: Semi-Automatic
Position of Weld Flat and Horizontal
Filler Metal: Specification, Classification, Trade Name: AWS A5.18, A5.28; SFA 5.18, 5.28 / E70C-6M H4, ES0C-G H4, Hobart FabCOR Edge XP
Flux: N/A
Shielding Gas: Mix, Type, Flow Rate, Wind Velocity 75 - 95% Argon/ 5 - 25% Co, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, <5 MPH all others
Welding Current: DCEP (CV Output)
Root Treatment: Clean to remove all contaminants (see QC plan)
Preheat and Interpass Temperature: Min Preheat 32°F, Max interpass 550° F (See table below)
Post-Weld Heat Treatment: Not required, UNO Written procedure required (see QC plan)
Heat Input Limits 0.045" (A x V x .06 / Travel Speed = Kl/in.) Minimum HI - 27.8 kj/in Maximum HI - 82.5 kj/in
Heat Input Limits 0.052" Minimum HI - 27.9 kj/in  Maximum HI - 81.5 kj/in
Heat Input Limits 1/16" Minimum HI - 29.3 kj/in  Maximum HI - 81.8 kj/in
Joint Geometry See joint configurations, attached pages
Electrical Characteristics
Pass No. Weld Type Weld Position Electrode Diameter / CTWD Welding Current WES Travel Speed
Volts | Amps IPM IPM
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 3/4" 20-(23)- 26 180 -(200)- 220 216 -(240)- 264 5.8-(7.6)-9.5
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 3/4" 21-(25)-28 225 -(250)- 275 306 -(340)-374 7.8-(10.3)-12.8
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 3/4" 22 -(26)-30 270 -(300)- 330 378 -(420)- 462 10-(13.3)-16.6
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 7/8" 24 -(28)-32 315 -(350)- 385 513 -(570)-627 14 - (18.6) - 23.2
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 7/8" 26 -(30)-34 360 -(400)- 440 653 -(725)- 797 17.5-(23.2) - 29
All Groove or Fillet Flat / Horizontal 0.052" Dia. CTWD 3/4" 20-(23)- 26 180 -(200)- 220 171 -(190)- 209 6-(8)-9.9
All Groove or Fillet Flat / Horizontal 0.052" Dia. CTWD 3/4" 20 -(24)- 27 225 -(250)- 275 216 -(240)- 264 7.8-(10.5)-13.1
All Groove or Fillet Flat / Horizontal 0.052" Dia. CTWD 3/4" 22 -(26)- 29 270 -(300)- 330 288 -(320)- 352 9.9-(13.2)-16.4
All Groove or Fillet Flat / Horizontal 0.052" Dia. CTWD 7/8" 24 -(28)- 32 315 -(350)- 385 364 -(405)- 445.5 12.7-(16.9) - 21.1
All Groove or Fillet Flat / Horizontal 0.052" Dia. CTWD 7/8" 26 -(30)- 34 360 -(400)- 440 463 -(515)-566.5 16.7 - (22.2) - 27.7
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 7/8" 21-(24)-27 225 -(250)-275 139 -(155)-170 6.6-(8.8)-10.9
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 7/8" 22-(25)- 28 270 -(300)- 330 184 -(205)- 225 9.1-(12)-15
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 7/8" 23-(27)-31 315 -(350)- 385 238 -(265)- 291 10.5-(14)-17.4
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 25-(29)-33 360 -(400)- 440 292 -(325)- 357 13.6 - (18) - 22.5
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 27-(31)-35 450 -(500)- 550 450 -(500)- 550 21.5-(28.6) - 35.6
NOTES
1 For Fillets, where root separation is greater than 1/16" < 3/16", the size of the fillet weld may be increased by the amount of the actual gap. Fillet and Groove welds may have
excessive root openings "buttered up"/ repaired, up to a 1/4", to close a gap to within acceptable limits.
2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time.
3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1.
4 Weld layer thickness - root 5/16" max, fill passes 1/4" max, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal.
5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening.
6 For "as fit" tolerances see joint geometry pages
7 Backing may be steel, copper, ceramic or backing weld. Non-fusible backing shall be removed and backgouged to sound metal, then back welded.
8 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.
9 This WPS may be used for any prequalified joint configuration not shown, without inclusion herein with QC verification.
10 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend.
11 Stringer Beads only.
12 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right
and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.
Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}

Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category Revision #  Description Date Status:
and Grade of material) 0 initial Issue 8/4/2023 Approved
When the base metal temperature is below 32°F, the base metal shall be preheated to a 1 format revised 2/14/2024 Approved
minimum of 70°F and maintained. 2 format revised 10/8/2024 Approved
Category B Category C 3 Travel Speed Fixed 10/22/2024 Approved
<3/4"is32°F <3/4"is 50° F 4 Heat Input Updated 12/9/2024 Approved

over 3/4" to 11/2" is 50° F
over11/2"to 2 1/2"is 150° F
over 2 1/2"is 225° F

Approved by: Roger Davis

over 3/4" to 11/2" is 150° F
over11/2"to 2 1/2"is 225° F

over 2 1/2" 300° F

Signed:

@ RogerR. Davis
CWI 24011831

Date: 12/9/2024

QC1 EXP. 111/2027

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

- Engineering Public Works
Fire Traffic




Structual Steel AWS D1.1/ D1.8 Attach Joint Configurations
Welding Procedure Specification (WPS)

Welding Procedure Specification (WPS) FabCO TR-70 Supporting P.Q.R # Prequalified
Material Specification: Group | & Il Material in Table 5.3 AWS D1.1 (also Group Ill to Group | & II)
Welding Process: FCAW-G
Manual or Machine: Semi-Automatic
Position of Weld Flat and Horizontal
Filler Metal: Specification, Classification, Trade Name: AWS A5.20/A5.20M - E70T-1C H8,E70T-9C H8, Hobart FabCO TR-70
Flux: N/A
Shielding Gas: Mix, Type, Flow Rate, Wind Velocity 100% Co,, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, <5 MPH all others
Welding Current: DCEP (CV Output)
Root Treatment: Clean to remove all contaminants (see QC plan)
Preheat and Interpass Temperature: Min Preheat 32°F, Max interpass 550° F (See table below)
Post-Weld Heat Treatment: Not required, UNO Written procedure required (see QC plan)
Heat Input Limits 1/16" (A xV x .06 / Travel Speed = KJ/in.) Minimum HI - 28.5 kj/in Maximum HI - 75.5 kj/in
Heat Input Limits 5/64" Minimum HI - 31.0 kj/in Maximum HI - 84.3 kj/in
Joint Geometry See joint configurations, attached pages
Electrical Characteristics
Pass No. Weld Type Weld Position Electrode Diameter / CTWD Welding Current WES Travel Speed
Volts | Amps IPM IPM
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 22-(25)- 28 153 -(170)- 187 126 -(140)- 154 46-(6.1)-7.6
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23-(26)-30 180 -(200)- 220 153 -(170)-187 5.6-(7.4)-9.2
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23-(27)-31 234 -(260)- 286 189 -(210)- 231 6.8-(9)-11.2
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 27 -(32)-36 315 -(350)- 385 311-(345)-379 11.2-(14.9)-18.6
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 22 -(26)- 30 225 -(250)- 275 99 -(110)- 121 5.7-(7.5)-9.3
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 22 -(26)- 30 270 -(300)- 330 126 -(140)- 154 7.2-(9.6)-11.9
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 23 -(27)-31 315 -(350)- 385 153 -(170)- 187 8.7-(11.6)-14.4
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 23 -(27)-31 378 -(420)- 462 202 -(225)- 247 11.8-(15.6) - 19.5
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 27 -(32)-36 495 -(550)- 605 310-(345)-379 18.1-(24) - 30
NOTES
1 For Fillets, where root separation is greater than 1/16" < 3/16", the size of the fillet weld may be increased by the amount of the actual gap. Fillet and Groove welds may have
excessive root openings "buttered up"/ repaired, up to a 1/4", to close a gap to within acceptable limits.
2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time.
3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1.
4 Weld layer thickness - root 5/16" max, fill passes 1/4" max, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal.
5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening.
6 For "as fit" tolerances see joint geometry pages
7 Backing may be steel, copper, ceramic or backing weld. Non-fusible backing shall be removed and backgouged to sound metal, then back welded.
8 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.
9 This WPS may be used for any prequalified joint configuration not shown, without inclusion herein with QC verification.
10 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend.
11 Stringer Beads only.
12 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right
and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.
Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}
Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category Revision #  Description Date Status:
and Grade of material) 0 initial Issue 8/4/2023 Approved
When the base metal temperature is below 32°F, the base metal shall be preheated to a 1 format revised 2/14/2024 Approved
minimum of 70°F and maintained. 2 format revised 10/8/2024 Approved
Category B Category C 3 Travel Speed Fixed 10/22/2024 Approved
<3/4"is32°F <3/4"is50° F
over 3/4" to 11/2"is 50° F over 3/4" to11/2" is 150° F City of Puyallup
over 11/2" to 2 1/2" is 150° F over 11/2" to 2 1/2" is 225° F Peveloppieny . PermiligRenices
over21/2"is 225°F over 2 1/2"300° F Building | {7 Planning
Engineering Public Works
® Roger R. Davis Fire Traffic
CWI 24011831
Approved by: Roger Davis Signed: QC1EXP. 111 12027 Date: 10/22/2024

R bhei=—



Structual Steel AWS D1.1 / D1.8
Welding Procedure Specification (WPS)

Attach Joint Configurations

Welding Procedure Specification (WPS)

FabCO 811N1

Supporting P.Q.R #

Prequalified

Material Specification:

Group | & Il Material in Table 5.3 AWS D1.1 (also Group Ill to Group | & II)

Welding Process:

FCAW-G

Manual or Machine:

Semi-Automatic

Position of Weld All
Filler Metal: Specification, Classification, Trade Name: AWS A5.29/A5.29M - E81T1-Ni1 MJ H4, Hobart FabCO 811N1
Flux: N/A

Shielding Gas: Mix, Type, Flow Rate, Wind Velocity

100% Co,, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, <5 MPH all others

Welding Current:

DCEP (CV Output)

Root Treatment:

Clean to remove all contaminants (see QC plan)

Preheat and Interpass Temperature:

Min Preheat 32°F, Max interpass 550° F (See table below)

Post-Weld Heat Treatment:

Not required, UNO Written procedure required (see QC plan)

Heat Input Limits 1/16" (A xV x .06 / Travel Speed = KJ/in.)

Minimum HI - 28.9 kj/in Maximum HI - 80.8 kj/in

Joint Geometry

See joint configurations, attached pages

Electrical Characteristics

Pass No. Weld Type Weld Position Electrode Diameter / CTWD Welding Current WES Travel Speed
Volts | Amps IPM IPM
All Groove or Fillet All Positions 1/16" Dia. CTWD 3/4" 21-(24)- 27 135 -(150)- 165 108 -(120)- 132 3.5-(4.6)-5.7
All Groove or Fillet All Positions 1/16" Dia. CTWD 3/4" 22 -(25)- 28 180 -(200)- 220 140 -(155)- 170 5-(6.6)-8.2
All Groove or Fillet All Positions 1/16" Dia. CTWD 1" 22-(26)- 30 225 -(250)- 275 198 -(220)- 242 6.6 - (8.8) - 10.9
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23 -(27)-31 270 -(300)- 330 252 -(280)- 308 8.9-(11.8)-14.7
City of Puyallup
Development & Permitting Services
ISSUED PERMIT
Building ning
Engineering Public Works
Fire Traffic
NOTES

1 For Fillets, where root separation is greater than 1/16" < 3/16", the size of the fillet weld may be increased by the amount of the actual gap. Fillet and Groove welds may have

excessive root openings "buttered up"/ repaired, up to a 1/4", to close a gap to within acceptable limits.
2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time.
3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1.
4 Weld layer thickness - root 5/16" max, fill passes 1/4" max, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal 1" Vertical
5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening.
6 For "as fit" tolerances see joint geometry pages
7 Backing may be steel, copper, ceramic or backing weld. Non-fusible backing shall be removed and backgouged to sound metal, then back welded.
8 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.
9 This WPS may be used for any prequalified joint configuration not shown, without inclusion herein with QC verification.
10 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend.
11 Weave (vertical only) or stringers may be used. Stringers is preferred for control of heat input where applicable.
12 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right

and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.

Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}

Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category Revision #  Description Date Status:
and Grade of material) 0 initial Issue 8/4/2023 Approved
When the base metal temperature is below 32°F, the base metal shall be preheated to a 1 format revised 2/14/2024 Approved
minimum of 70°F and maintained. 2 format revised 10/8/2024 Approved
Category B Category C 3 Travel Speed Fixed 10/22/2024 Approved
<3/4"is32°F <3/4"is50° F 4 Heat Input Updated 12/9/2024 Approved

over 3/4"to 1 1/2"is 50° F
over11/2"to 2 1/2"is 150° F

over 3/4"to 11/2" is 150° F
over11/2"to21/2"is 225°F

Approved

over21/2"is 225°F

by: Roger Davis

over 2 1/2"300° F

Signed:

@ Roger R. Davis
CWI 24011831
QC1 EXP. 1/1/2027

R by~

Date: 12/9/2024



Welding Procedure

Structual Steel AWS D1.1 / D1.8

Attach Joint Configurations

Specification (WPS)

Welding Procedure Specification (WPS) FabCo Excel-Arc 71 Supporting P.Q.R # Prequalified
Material Specification: Group | & Il Material in Table 5.3 AWS D1.1 (also Group Ill to Group | & I1)
Welding Process: FCAW-G
Manual or Machine: Semi-Automatic
Position of Weld All
Filler Metal: Specification, Classification, Trade Name: AWS A5.20/A5.20M, E71T-1 C/M E71T-9 C/M H8, Hobart FabCO Excel-Arc 71
Flux: N/A

Shielding Gas: Mix, Type, Flow Rate, Wind Velocity

100% Co,, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, < 5 MPH all others

Welding Current:

DCEP (CV Output)

Root Treatment:

Clean to remove all contaminants (see QC plan)

Preheat and Interpass Temperature:

Min Preheat 32°F, Max interpass 550° F (See table below)

Post-Weld Heat Treatment:

Not required, UNO Written procedure required (see QC plan)

Heat Input Limits 1/16" (A x V x .06 / Travel Speed = KJ/in.)

Minimum HI - 30.6 kj/in  Maximum HI - 82.5 kj/in

Joint Geometry

See joint configurations, attached pages

Electrical Characteristics
Pass No. Weld Type Weld Position Electrode Diameter / CTWD Welding Current WFS lizveilSpeed
Volts | Amps IPM IPM
All Groove or Fillet All Positions 1/16" Dia. CTWD 3/4" 20 -(23)- 26 162 -(180)- 198 117 -(130)- 143 4-(5.3)-6.6
All Groove or Fillet All Positions 1/16" Dia. CTWD 1" 22 -(25)-27 221 -(245)- 269 171 -(190)- 209 5.7-(7.5)-9.3
All Groove or Fillet All Positions 1/16" Dia. CTWD 1" 22 -(26)-28 248 -(275)- 302 203 -(225)- 247 6.8-(9)-11.2
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23 -(27)-31 252 -(280)- 308 216 -(240)- 264 8.1-(10.8)-13.4
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 24 -(28)-32 324 -(360)- 396 297 -(330)- 363 10.4-(13.9)-17.3
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 26 -(30)- 34 360 -(400)- 440 387 -(430)- 473 14.4-(19.1)-23.8
City of Puyallup
Development & Permitting Services
ISSUED PERMIT
Building E@i r!iFg
Engineering Public Works
Fire Traffic
NOTES

1 For Fillets, where root separation is greater than 1/16" < 3/16", the size of the fillet weld may be increased by the amount of the actual gap. Fillet and Groove welds may have

excessive root openings "buttered up"/ repaired, up to a 1/4", to close a gap to within acceptable limits.
2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time.
3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1.
4 Weld layer thickness - root 5/16" max, fill passes 1/4" max, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal 1" Vertical
5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening.
6 For "as fit" tolerances see joint geometry pages
7 Backing may be steel, copper, ceramic or backing weld. Non-fusible backing shall be removed and backgouged to sound metal, then back welded.
8 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.
9 This WPS may be used for any prequalified joint configuration not shown, without inclusion herein with QC verification.
10 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend.
11 Weave (vertical only) or stringers may be used. Stringers is preferred for control of heat input where applicable.
12 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right

and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.

Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}

Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category Revision # Description Date Status:
and Grade of material) 0 initial Issue 8/4/2023 Approved
When the base metal temperature is below 32°F, the base metal shall be preheated to a 1 format revised 2/14/2024 Approved
minimum of 70°F and maintained. 2 format revised 10/8/2024 Approved
Category B Category C 3 Travel Speed Fixed 10/22/2024 Approved
<3/4"is32°F <3/4"is 50° F 4 Heat Input Updated 12/9/2024 Approved

over 3/4"to11/2"is 50° F
over11/2"to21/2"is 150° F
over21/2"is 225°F

over 3/4"to11/2"is 150° F
over11/2"to21/2"is 225° F
over 2 1/2" 300° F

Roger R. Davis
CW 24011831
QC1 EXP. 1/4/2027

R b=

Approved by: Roger Davis Signed: Date: 12/9/2024



D1.1 Joint Configurations

The joint configurations listed on this page apply to the following WPSs: FabCOR Edge XP, FabCO TR-70, FabCO 811N1, and FabCo Excel-Arc 71

Single-V-groove weld (2) - Butt joint (B)

Welding Process

Double-V-groove weld (3) - Butt joint (B)

—<HM'IKGO'..F';F

GMAW FCAW
Base Metal Thickness

T.=U To=- BACKGOUGE
Root opening Tolerances No— T

Root Face 4 e
Groove angle As detailed| As Fit-up \ f A
R=0to1/8 +1/16,-0 | +1/16,-1/8 - e '
f=0to1/8 +1/16, -0[Not limited - >

71T\ |
o = 60° +10°, -0 | .+10°, -5° YRR

Allowed Welding Positions = ALL

— —

See AWS D1.1 Figure 5.1

Notes: a, d, j

See AWS D1.1 Figure 5.1

Welding Process
GMAW FCAW
Base Metal Thickness
T,=U T,= -

Root opening Tolerances

Root Face
Groove angle As detailed| As Fit-up
R=0to1/8 +1/16, -0 | +1/16, -1/8
f=0to1/8 .+1/16, -0|Not limited
o=p=60° +10° -0 | .+10°% -5°

Allowed Welding Positions = ALL

Notes: a,d, h, j

B-U2-GF

B-U3-GF

Single-bevel-groove weld (4) - Butt joint (B)

Welding Process

BACKGOUGE

GMAW FCAW
Base Metal Thickness

T,=U T,=-
Root opening Tolerances

Root Face
Groove angle As detailed|As Fit-up
R=0to1/8 +1/16, -0 | .+1/16,-1/8
f=0to1/8 .+1/16, -0|Not limited

o =45° +10° -0 [ .+10°% -5°

Allowed Welding Positions = ALL

See AWS D1.1 Figure 5.1

Notes: a, ¢, d,

Double-bevel-groove weld (5) - Butt joint (B)

See AWS D1.1 Figure 5.1

Welding Process

GMAW FCAW
Base Metal Thickness

T,=U Tp,= -
Root opening Tolerances

Root Face
Groove angle As detailed| As Fit-up
R=0t01/8 +1/16, -0 | .+1/16,-1/8
f=0to 1/8 .+1/16, -0[Not limited|

o =45° a+B= | a+B=
B=0"to15° +10°% -0° | +10° -0°

Allowed Welding Positions = ALL

Notes: a, c,d, h,

B-U4b-GF

B-U5-GF

Flare-bevel-groove weld (10) - Butt joint (B) - T-joint (T)

GMAW FCAW-G

Corner joint (C)

Base Metal Thickness

T, = 3/16 min. T,=U T3 =Ty min.
Root opening Tolerances
Root Face
Bend Radius As detailed|As Fit-up
R=0 +1/16, -0 | .+1/8,-1/16
f=3/16 min. +U,-0 | +U,-1/16
r = 3T,/2 min. +U, -0 +U, -0

Allowed Welding Positions = ALL

Weld size (S)-5/8 r

See AWS D1.1 Figure 5.2

Notes: a, g,j, I, m

Flare-V-groove weld (11) - Butt joint (B)

See AWS D1.1 Figure 5.2

GMAW FCAW-G
Base Metal Thickness

T, = 3/16 min. T, =Ty min.
Root opening Tolerances
Root Face
Bend Radius As detailed| As Fit-up
R=0 +1/16, -0 | .+1/8,-1/16
f=3/16 min. +U,-0 | +u,-1/16
r=3T,/2 min. +U, -0 +U, -0

Allowed Welding Positions = ALL
Weld size (S)-3/4r
Notes: e, g, I, m, n

Allowed Welding Positions = ALL

TC-F12-GF Notes: a, b, d

See AWS D1.1 Figure 5.3

L-F12-GF Notes: a, b, ¢

BTC-P10-GF B-P11-GF
Fillet weld (12) - T-joint (T) - Corner joint (C) - Lap joint (L) GMAW FCAW Fillet weld (12) - T-joint (T) - Corner joint (C) - Lap joint (L) GMAW FCAW
Base Metal Thickness Base Metal Thickness
T,0orT,=<3 T,0rT,=23
Jal Tolerances Tolerances
Root opening As detailed|As Fit-up g i Root opening As detailed|As Fit-up
R=0 +1/16, -0| 3/16 max. R=0 +1/16, -0| 5/16 max.

See AWS D1.1 Figure 5.3

Allowed Welding Positions = ALL

Notes: a, b, c

TC-F12-GF - L-F12-GF

L-F12a-GF
s Roger R. Davis City of Puyallup
b CW 24011831 Development & Permitting Services
QC1 EXP. 17172027 ISSUED PERMIT
7 a ; Buiding | [ Planning |
% ; = Engineering Public Works
Fire Traffic




Structual SteelAWS D1.1/D1.8
Welding Procedure Specification (WPS)

Attach Joint Configurations

Welding Procedure Specification (WPS) FabCOR Edge XP Hole Repair Supporting P.Q.R # Prequalified
Material Specification: Group | & Il Material in Table 5.3 AWS D1.1 (also Group Ill to Group | & 1)
Welding Process: GMAW - Spray transfer
Manual or Machine: Semi-Automatic
Position of Weld Flat and Horizontal
Filler Metal: Specification, Classification, Trade Name: AWS A5.18, A5.28; SFA 5.18, 5.28 / E70C-6M H4, EBOC-G H4, Hobart FabCOR Edge XP
Flux: N/A
Shielding Gas: Mix, Type, Flow Rate, Wind Velocity 75 - 95% Argon/ 5 - 25% Co, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, < 5 MPH all others
Welding Current: DCEP (CV Output)
Root Treatment: Clean to remove all contaminants (see QC plan)
Preheat and Interpass Temperature: Min Preheat 32°F, Max interpass 550° F (See table below)
Post-Weld Heat Treatment: Not required, UNO Written procedure required (see QC plan)
Heat Input Limits 0.045" (AxV x .06/ Travel Speed =KJ/in.) Minimum HI - 27.8 kj/in Maximum HI - 82.5 kj/in
Heat Input Limits 1/16" Minimum HI - 29.3 kj/in Maximum HI - 81.8 kj/in
Instructions Joint Geometry
1. This Procedure is for use only on mislocated holes approved by an engineer for repair welding.
2. Elongate the first side of the hole to allow fusion through the full cross-section and length. E e
3. Insert steel backing of the same material as the basemetal into the hole on the second side. (R
4. Weld the first side of the hole using longitudinal stringer passes. Hoe
5. Gouge the second side to sound metal and back-weld. Grind both Faces flush with the Basemetal. —~ =2 —
6. Perform UT, MT, or RT as specified.
“»—l
e T
Electrical Characteristics
. . Welding Current WFS Travel Speed
Pass No. Weld Type Weld Position Electrode Diameter / CTWD
Volts | Amps IPM IPM
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 3/4" 20-(23)-26 180-(200)- 220 216 -(240)- 264 5.8-(7.6)-9.5
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 3/4" 21-(25)-28 225-(250)- 275 306 -(340)-374 7.8-(10.3)-12.8
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 3/4" 22-(26)-30 270-(300)- 330 378 -(420)- 462 10-(13.3)-16.6
All Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 7/8" 24 -(28)-32 315-(350)- 385 513 -(570)-627 14 -(18.6) - 23.2
Al Groove or Fillet Flat / Horizontal 0.045" Dia. CTWD 7/8" 26-(30)-34 360 -(400)- 440 653 -(725)- 797 17.5-(23.2)-29
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 7/8" 21-(24)-27 225-(250)-275 139-(155)-170 6.6-(8.8)-10.9
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 7/8" 22 -(25)-28 270-(300)- 330 184 -(205)- 225 9.1-(12)-15
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 7/8" 23-(27)-31 315-(350)- 385 238 -(265)- 291 10.5-(14)-17.4
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 25-(29)-33 360 -(400)- 440 292 -(325)- 357 13.6-(18)-22.5
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 27-(31)-35 450 -(500)- 550 450 -(500)- 550 21.5-(28.6) - 35.6
NOTES
1 If the root separation is greater than 1/16" between the backing and base metal correction is required.
2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time. City of Puyallup
3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1. Devempr’;g‘g&?gggmfemces
4 Weld layer thickness - root 5/16" max, fill passes 1/4" max, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal. Building W anning
5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening. Eroiceaiy Public:Works
6 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.
7 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend. Al e
8 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right
and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.
Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}

Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category and Grade of Revision # Description Date Status:
material) 3 Updated Format 2/19/2024 Approved
When the base metal temperature is below 32°F, the base metal shall be preheated to a minimum of 4 TS fixed / Format 10/22/2024 Approved
70°F and maintained. 5 Heat Input Updated 12/9/2024 Approved
Category B Category C
<3/4"is32°F <3/4"is50° F

over 3/4"to 1 1/2"is 150° F
over11/2"to 2 1/2"is 225° F
over21/2" 300° F

over 3/4"to 11/2"is 50° F
over11/2"to 2 1/2"is 150° F
over21/2"is 225° F

@ RogerR. Davis
CWI 24011831
QC1 EXP. 1/1/2027

R e

Approved by: Roger Davis Signed:

Date: 12/9/2024



Structual SteelAWS D1.1/D1.8
Welding Procedure Specification (WPS)

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building E;Elyniﬁg
Engineering Public Works
Fire Traffic

Attach Joint Configurations

Welding Procedure Specification (WPS) FabCO TR-70 Hole Repair Supporting P.Q.R # Prequalified
Material Specification: Group | & Il Material in Table 5.3 AWS D1.1 (also Group Ill to Group | & 1)
Welding Process: FCAW-G
Manual or Machine: Semi-Automatic
Position of Weld Flat and Horizontal
Filler Metal: Specification, Classification, Trade Name: AWS A5.20/A5.20M - E70T-1C H8,E70T-9C H8, Hobart FabCO TR-70
Flux: N/A
Shielding Gas: Mix, Type, Flow Rate, Wind Velocity 100% Co,, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, < 5 MPH all others
Welding Current: DCEP (CV Output)
Root Treatment: Clean to remove all contaminants (see QC plan)
Preheat and Interpass Temperature: Min Preheat 32°F, Max interpass 550° F (See table below)
Post-Weld Heat Treatment: Not required, UNO Written procedure required (see QC plan)
Heat Input Limits 1/16" (AxV x.06/ Travel Speed =KJ/in.) Minimum HI - 28.5 kj/in Maximum HI - 75.5 kj/in
Heat Input Limits 5/64" Minimum HI - 31.0 kj/in Maximum HI - 84.3 kj/in
Instructions Joint Geometry
1. This Procedure is for use only on mislocated holes approved by an engineer for repair welding. 3
2. Elongate the first side of the hole to allow fusion through the full cross-section and length. =
3. Insert steel backing of the same material as the basemetal into the hole on the second side. e N
4. Weld the first side of the hole using longitudinal stringer passes. noe
5. Gouge the second side to sound metal and back-weld. Grind both Faces flush with the Basemetal. =
6. Perform UT, MT, or RT as specified. 4
—_—
ST
Electrical Characteristics
. . Welding Current WFS Travel Speed
Pass No. Weld Type Weld Position Electrode Diameter / CTWD
Volts | Amps IPM IPM
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 22 -(25)-28 153-(170)- 187 126 -(140)- 154 4.6-(6.1)-7.6
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23-(26)-30 180-(200)- 220 153-(170)-187 5.6-(7.4)-9.2
All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23-(27)-31 234 -(260)- 286 189-(210)- 231 6.8-(9)-11.2
Al Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 27-(32)-36 315 -(350)- 385 311-(345)-379 11.2-(14.9)- 18.6
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 22 -(26)- 30 225-(250)- 275 99-(110)- 121 5.7-(7.5)-9.3
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 22 -(26)- 30 270-(300)- 330 126 -(140)- 154 7.2-(9.6)-11.9
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 23-(27)-31 315-(350)- 385 153-(170)- 187 8.7-(11.6)-14.4
All Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 23-(27)-31 378 -(420)- 462 202 -(225)- 247 11.8-(15.6) - 19.5
Al Groove or Fillet Flat / Horizontal 5/64" Dia. CTWD 1" 27-(32)-36 495 -(550)- 605 310 -(345)-379 18.1-(24) - 30
NOTES
1 If the root separation is greater than 1/16" between the backing and base metal correction is required.
2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time.
3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1.
4 Weld layer thickness - root 5/16" max, fill passes 1/4" max, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal.
5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening.
6 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.
7 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend.
8 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right
and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.
Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}
Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category and Grade of Revision # Description Date Status:
material) 3 Updated Format 2/19/2024 Approved
When the base metal temperature is below 32°F, the base metal shall be preheated to a minimum of 4 TS fixed / Format 10/22/2024 Approved
70°F and maintained.
Category B Category C
<3/4"is32°F <3/4"is50° F

over 3/4"to 1 1/2"is 150° F
over11/2"to 2 1/2"is 225° F
over21/2" 300° F

over 3/4"to 11/2"is 50° F
over11/2"to 2 1/2"is 150° F
over21/2"is 225° F

@ RogerR. Davis
CW1 24011831
QC1 EXP. 1/1/2027

R Lyi>—

Approved by: Roger Davis Signed: Date: 10/22/2024



Attach Joint Configurations

Structual Steel AWS D1.1/D1.8

Welding Procedure Specification (WPS)

Welding Procedure Specification (WPS) FabCO 811N1 Hole Repair Supporting P.Q.R # Prequalified
Material Specification: Group | & Il Materialin Table 5.3 AWS D1.1 (also Group Ill to Group | & II)
Welding Process: FCAW-G
Manual or Machine: Semi-Automatic
Position of Weld All
Filler Metal: Specification, Classification, Trade Name: AWS A5.29/A5.29M - E81T1-Ni1 MJ H4, Hobart FabCO 811N1
Flux: N/A
Shielding Gas: Mix, Type, Flow Rate, Wind Velocity 100% Co,, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, < 5 MPH all others
Welding Current: DCEP (CV Output)

Root Treatment:

Clean to remove all contaminants (see QC plan)

Preheat and Interpass Temperature:

Min Preheat 32°F, Max interpass 550° F (See table below)

Post-Weld Heat Treatment:

Not required, UNO Written procedure required (see QC plan)

Heat Input Limits 1/16" (AxVx.06/Travel Speed = KJ/in.)

Minimum HI - 28.9 kj/in Maximum HI - 80.8 kj/in

Instructions Joint Geometry

1. This Procedure is for use only on mislocated holes approved by an engineer for repair welding.

2. Elongate the first side of the hole to allow fusion through the full cross-section and length.

3. Insert steel backing of the same material as the basemetal into the hole on the second side.

e
4. Weld the first side of the hole using longitudinal stringer passes. Hoe
5. Gouge the second side to sound metal and back-weld. Grind both Faces flush with the Basemetal. 4
6. Perform UT, MT, or RT as specified.
'
-
Electrical Characteristics
. ) Welding Current WFS Travel Speed
Pass No. Weld Type Weld Position Electrode Diameter / CTWD
Volts | Amps IPM IPM

All Groove or Fillet All Positions 1/16" Dia. CTWD 3/4" 21-(24)- 27 135 -(150)- 165 108 -(120)- 132 3.5-(4.6)-5.7

All Groove or Fillet All Positions 1/16" Dia. CTWD 3/4" 22 -(25)-28 180 -(200)- 220 140 -(155)- 170 5-(6.6)-8.2

All Groove or Fillet All Positions 1/16" Dia. CTWD 1" 22 -(26)- 30 225 -(250)- 275 198 -(220)- 242 6.6-(8.8)-10.9

All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23-(27)-31 270 -(300)- 330 252 -(280)- 308 8.9-(11.8)-14.7

NOTES

1 If the root separation is greater than 1/16" between the backing and base metal correction is required.

2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time.

3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1.

4 Weld layer thickness - root 5/16" max, fill passes 1/4" max, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal 1" Vertical

5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening.

6 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.

7 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend.

8 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right

and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.
Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}

Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category and Revision#  Description Date Status:
Grade of material) 3 Updated Format 2/19/2024 Approved
When the base metal temperature is below 32°F, the base metal shall be preheated to a 4 TS fixed / Format 10/22/2024 Approved
minimum of 70°F and maintained. 5 Heat Input Updated 12/9/2024 Approved
Category B Category C
<3/4"is32°F <3/4"is 50° F Oy gerwaln

Development & Permitting Services
ISSUED PERMIT

Building [:‘_Elyning

over 3/4"to 1 1/2"is 150° F
over11/2"to21/2"is 225°F

over3/4"to 11/2"is 50°F
over11/2"to21/2"is 150° F

over21/2"is 225°F over 21/2"300° F Engigeciiiby | [ARURTSYorks
Fire Traffic
Roger R. Davis
Approved by: Roger Davis Signed: CWI 24011831 Date: 12/9/2024

QC1 EXP. 1/1/2027

L R D>



Structual Steel AWS D1.1/D1.8 Attach Joint Configurations
Welding Procedure Specification (WPS)

Welding Procedure Specification (WPS) FabCo Excel-Arc 71 Hole Repair Supporting P.Q.R # Prequalified
Material Specification: Group | & Il Materialin Table 5.3 AWS D1.1 (also Group Ill to Group | &I)
Welding Process: FCAW-G
Manual or Machine: Semi-Automatic
Position of Weld All
Filler Metal: Specification, Classification, Trade Name: AWS A5.20/A5.20M, E71T-1 C/M E71T-9 C/M H8, Hobart FabCO Excel-Arc 71
Flux: N/A
Shielding Gas: Mix, Type, Flow Rate, Wind Velocity 100% Co,, 35 - 50 CFH, Wind Velocity < 3 MPH DCW, < 5 MPH all others
Welding Current: DCEP (CV Output)

Root Treatment: Clean to remove all contaminants (see QC plan)

Preheat and Interpass Temperature: Min Preheat 32°F, Max interpass 550° F (See table below)

Post-Weld Heat Treatment: Not required, UNO Written procedure required (see QC plan)

Heat Input Limits 1/16" (AxVx .06/ Travel Speed = KJ/in.) Minimum HI - 30.6 kj/in Maximum HI - 82.5 kj/in
Instructions Joint Geomerty

1. This Procedure is for use only on mislocated holes approved by an engineer for repair welding.

ole As Require
2. Elongate the first side of the hole to allow fusion through the full cross-section and length. Elongate Hole As Required

3. Insert steel backing of the same material as the basemetal into the hole on the second side. . el
4. Weld the first side of the hole using longitudinal stringer passes. -“\‘ "DCI: /;
5. Gouge the second side to sound metal and back-weld. Grind both Faces flush with the Basemetal. 55
6. Perform UT, MT, or RT as specified. R P - <
T Steal Backing
Electrical Characteristics
» ) Welding Current WFS Travel Speed
Pass No. Weld Type Weld Position Electrode Diameter / CTWD
Volts | Amps IPM IPM

All Groove or Fillet All Positions 1/16" Dia. CTWD 3/4" 20-(23)-26 162 -(180)- 198 117 -(130)- 143 4-(5.3)-6.6

All Groove or Fillet All Positions 1/16" Dia. CTWD 1" 22 -(25)-27 221 -(245)- 269 171-(190)- 209 5.7-(7.5)-9.3

All Groove or Fillet All Positions 1/16" Dia. CTWD 1" 22 -(26)-28 248 -(275)- 302 203 -(225)- 247 6.8-(9)-11.2

All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 23-(27)-31 252 -(280)- 308 216 -(240)- 264 8.1-(10.8)-13.4

All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 24 -(28)-32 324 -(360)- 396 297 -(330)- 363 10.4-(13.9)-17.3

All Groove or Fillet Flat / Horizontal 1/16" Dia. CTWD 1" 26 -(30)- 34 360 -(400)- 440 387 -(430)- 473 14.4-(19.1)-23.8

NOTES
1 If the root separation is greater than 1/16" between the backing and base metal correction is required.

2 Electrode exposure limit - 7 days (per CoC), spools removed, bagged, and stored or stored in an oven, do not count as exposure time.

3 This procedure may vary due to fabrication sequence, fit-up, pass size, etc... within the limits of all mandatory variables given in AWS D1.1.

4 Weld layer thickness - root 5/16" max, fill passes 1/4" makx, Single pass fillet 3/8" max. Max layer width 5/8" flat/horizontal 1" Vertical

5 Peening and caulking are not allowed, the use of pneumatic hand tools to remove slag and spatter shall not be considered peening.

6 Grind, chip, wire brush between passes and layers. Remove all slag and spatter. Remove noted discontinuities, do not weld over them.

7 CB QCM PR12.1 Shall be used in conjunction with this WPS for all other notes, instructions and foot note legend.

8 Voltage +/- 15%, Amperage & WFS +/- 10%, travel speed +/- 25% included in value range given. The number in parenthesis () is manufacturer's recommendation, to the right

and left are with D1.1 variables included. Travel Speed was calculated Mathematically based on the deposition rate shown in the manufacturer's datasheet assuming a 5/16" fillet weld.
Where Travel Speed = {(Deposition Rate) / (Weld Weight per foot x 5)}

Minimum Preheat/inter-pass Temperature for Material (refer to D1.1 Table 5.8 category and Revision #  Description Date Status:

Grade of material) 3 Updated Format 2/19/2024 Approved

When the base metal temperature is below 32°F, the base metal shall be preheated to a 4 TS fixed / Format 10/22/2024 Approved
minimum of 70°F and maintained. 5 Heat Input Updated 12/9/2024 Approved

Category B Category C
<3/4"is32°F <3/4"is50° F
. 0 . 0 City of Puyallup
over3/4"to11/2"is50" F over3/4"to 11/2"is 150" F Development & Permitting Services
over11/2"to2 1/2"is 150° F over11/2"to 2 1/2" is 225° F I§SUED EERMIT

i o o Building Eglining
over21/2"is 225" F over21/2"300° F -

Engineering Public Works

Fire Traffic

Roger R. Davis
Approved by: Roger Davis Signed: CWI 24011831 Date: 12/9/2024

QC1 EXP. 1/1/2027

Zpe R D>



FabCO® 811N1

@

HOBAIT

FILLER METALS

A4

AWS A5.29: E81T1-Ni1CJ H4, E81T1-Ni1MJ H4

FEATURES:

BENEFITS:

WELDING POSITIONS:

LOEED

Fast-freezing slag

* Nominal 1% nickel deposit
» Excellent impact toughness

Low-hydrogen deposit

Low spatter and excellent slag removal

APPLICATIONS:

» High-strength low-alloy steels
« Single and multi-pass welding

» Weathering steels (ASTM A588, A709, etc.)

Excellent out-of-position performance

Suitable to replacement to E8018-C3 stick (SMAW) electrodes
Resists cracking in severe applications

Assists in minimizing the risk of hydrogen-induced cracking
Improves operator appeal, reduces clean-up time

+ Bridge fabrication

» Heavy equipment fabrication

SLAG SYSTEM: Fast-freezing, rutile-type, flux-cored wire

SHIELDING GAS: 100% Carbon Dioxide (COy), 75-80% Argon (Ar)/Balance Carbon Dioxide (CO,),
35-50 cfh (17-24 1/min)

TYPE OF CURRENT: Direct Current Electrode Positive (DCEP)
STANDARD DIAMETERS: 0.045” (1.2 mm), 1/16” (1.6 mm)

RE-DRYING: Not recommended
STORAGE: Product should be stored in a dry, enclosed environment, and in its original intact packaging
TypPiCAL WELD METAL CHEMISTRY* (Chem Pad):

Weld Metal Analysis (%) 100% CO, 75% Ari25% CO, AWS Spec
Carbon (C) 0.03 0.06 0.12
Manganese (Mn) 1.09 1.39 1.50
Phosphorus (P) 0.007 0.009 0.030
Sulphur (S) 0.005 0.008 0.030
Silicon (Si) 0.32 0.53 0.80
Nickel (Ni) 1.01 1.00 0.80-1.10

Note: AWS specification single values are maximums.
TyPICAL DIFFUSIBLE HYDROGEN*:

 Structural fabrication
+ Shipbuilding

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fir}\{?p Traffic

Hydrogen Equipment

100% CO;

75% Ar/25% CO,

AWS Spec

(GAs CHROMATOGRAPHY)

2.4 ml/100g

3.0 ml/100g

4.0 ml/100g Maximum

TypPicAL MECHANICAL PROPERTIES* (As Welded):

Mechanical Tests

100% CO;

75% Ar/25% CO,

AWS Spec

Tensile Strength

83,000 psi (572 MPa)

93,000 psi (641 MPa)

80,000-100,000 psi (552-689 MPa)

Yield Strength

73,000 psi (503 MPa)

85,000 psi (586 MPa)

68,000 psi (470 MPa) Minimum

Elongation % in 2" (50 mm)

26%

25%

19% Minimum

TyYPICAL CHARPY V-NOTCH IMPACT VALUES* (As Welded):

CVN Temperatures

100% CO;

75% Ar/25% CO;

AWS Spec

CVN @-40°F (-40°C)

65 ftelbs (88 Joules)

40 ftelbs (54 Joules)

20 ftelbs (27 Joules) Minimum “J” Requirement

*The information contained or otherwise referenced herein is presented only as “typical” without guarantee or warranty, and Hobart Brothers LLC
expressly disclaims any liability incurred from any reliance thereon. Typical data are those obtained when welded and tested in accordance with the
AWS A5.29 specification. Other tests and procedures may produce different results. No data is to be construed as a recommendation for any welding
condition or technique not controlled by Hobart Brothers LLC.

Hobart Brothers LLC = 101 Trade Square East = Troy, OH 45373
PH: (800) 424-1543 - FX: 800-541-6607 - www.hobartbrothers.com




FabCO® 811N1

Wire Feed Deposition Contact Tip to

Diameter Weld Position | Amps | Volts Speed Rate Work Distance

Inches (mm) in/min (m/min) lbs/hr (kg/hr) Inches (mm)
0.045 (1.2) All Position 100 17 120 (3.81) 1.6 (0.7) 5/8 (16)
0.045 (1.2) All Position 125 24 200 (5.1) 2.0 (0.9) 5/8 (16)
0.045 (1.2) All Position 200 26 390 (9.9) 7.0 (3.2) 5/8 (16)
0.045 (1.2) All Position 225 27 455 (11.6) 8.8 (4.0) 3/4 (19)
0.045 (1.2) | Flat & Horizontal | 250 28 530 (13.5) 10.0 (4.5) 3/4 (19)
1/16 (1.6) All Position 150 24 120 (3.0) 4.0 (1.8) 3/4 (19)
1/16 (1.6) All Position 200 25 155 (3.9) 5.7 (2.6) 3/4 (19)
1/16 (1.6) All Position 250 26 220 (5.6) 7.6 (3.4) 1 (25)
1/16 (1.6) | Flat & Horizontal | 300 27 280 (7.1) 10.2 (4.6) 1 (25)

» Maintaining a proper welding procedure - including pre-heat and interpass temperatures - may be critical

depending on the type and thickness of steel being welded.

+ The above information was determined by welding using 100% CO, shielding gas with a flow rate between 35-50 cfh
(17-24 1/min). When welding using 75% Argon (Ar)/25% Carbon Dioxide (CO3) shielding gas, decrease voltage by
1-2 volts.

All positions include: Flat, Horizontal, Vertical Up, and Overhead.

100 Amp parameters for 1/8” plate thickness and lower.

STANDARD DIAMETERS AND PACKAGES: For a complete list of diameters and packaging, please contact Hobart

I Brothers at (800) 424-1543 or (937) 332-5188
for International Customer Service.

Diameter 33-Ib. (15kg) 50-1b. (22.6kg) 60-1b. (27.2kg)
Inches  (mm) Spool Spool Coil City of Puyaliup

Development & Permitting Services
ISSUED PERMIT

Net Pallet Weight | 2376-Ib (1078kg) | 1600-Ib (726kg) | 1920-Ib (871kg) il o
0045 (1 2) 8283612'029 - - Engineering Public Works
1/16 (1.6) S283619-029 S283619-027 S$283619-002 Fire Traffic

CONFORMANCE AND APPROVALS:
« AWS A5.29, E81T1-Ni1CJ H4, E81T1-Ni1MJ H4
* AWS A5.29M, E551T1-Ni1CJ H4, E551T1-Ni1MJ H4

TECHNICAL QUESTIONS? For technical support of Hobart Filler Metals products, contact the Applications Engineering department by phone toll-free at
1-800-532-2618 or by e-mail at Applications.Engineering@hobartbrothers.com

CAUTION:

Consumers should be thoroughly familiar with the safety precautions on the warning label posted in each shipment and in the American National Standard
Z49.1, “Safety in Welding and Cutting,” published by the American Welding Society, 8669 NW 36th St., Miami, FL 33166 (can also be downloaded online at
www.aws.org); OSHA Safety and Health Standards 29 CFR 1910 is available from the U.S. Department of Labor, Washington, D.C. 20210

Safety Data Sheets on any Hobart Brothers LLC product may be obtained from Hobart Customer Service or at www.hobartbrothers.com.

Because Hobart Brothers LLC is constantly improving products, Hobart reserves the right to change design and/or

specifications without notice.

FabCO and Hobart are registered trademarks of Hobart Brothers LLC, Troy, Ohio. v R
Revision Date: 230222 (Replaces 220407) FILLER METALS



N L ORART

Certificate of Conformance
to Requirements for Welding Electrode

FILLER METALS

Product Type: FabCO 811N1

Classification: E81T1-Ni1CJ H4; E81T1-Ni1MJ H4
Specifications: AWS A5.29/A5.29M; ASME SFA 5.29
Diameter Tested: 116"

Date Tested: 1/12/2024

Date Generated: 1/29/2024

This is to certify that the product named above and supplied on the referenced order number is of the same classification, manufacturing process, and material requirements as the
material which was used for the test that was concluded on the date shown, the results of which are shown below. All tests required by the specifications shown for classification were
performed at that time and the material tested met all requirements. It was manufactured and supplied by the Quality System Program of Hobart Brothers, which meets the requirements

of ISO 9001, ANSI/AWS A5.01, and other specification and Military requirements, as applicable. This document supplies actual test results of non-specific inspection in conformance
with the requirements of EN 10204, type 2.2 certification.

THE STEEL USED IN THIS LOT OF MATERIAL WAS MELTED AND MANUFACTURED IN THE U.S.A.
Test Settings

Shielding Medium Amps / Polarity Volts . .WFS A ESO in(mm) Preheat F(C) Interpass F(C) .Tra\./el Speeld
in/min(m/min) in/min(cm/min)
M21-ArC-25 260-290 / DCEP 27 250 (6.4) 3/4 (19) 300(149) 300(149) 10.7 (27.2)
c1 260-290 /| DCEP 27 250 (6.4) 3/4 (19) 300(149) 300(149) 10.8 (27.4)
Mechanical Properties - Tensile
Shielding Medium Ref. No. Testing Conditions Ult. Tensile Strength psi (MPa) Yield Strength psi (MPa) Elong.% in 2"
C1 PE7390 Aged 48 Hrs 220F 86,000 ( 590 ) 78,000 ( 536) 27
M21-ArC-25 PE7414 Aged 48 Hrs 220F 98,000 ( 674 ) 87,000 (599 ) 24
Mechanical Properties - Impact
Shielding Medium Ref. No. Testing Conditions Temp. F (C) Individuals ft.Ib.(J) Avg. ft.Ib.(J) Type
M21-ArC-25 PE7387 As Welded -40 (-40) 58,70,52 (79,95,70) 60 (81) Charpy-V-Notch
C1 PE7390 As Welded -40 (-40) 116,118,115 (157,160,156) 116 (158) Charpy-V-Notch
[ Ref.No. ﬁadiographic Inspection Fillet Weld Test
PE7387 Conforms Horizontal :| | Overhead :| Conforms | Vertical | Conforms
PE7390 Conforms Horizontal :| | Overhead ;| Conforms | Vertical ] Conforms
Chemical Analysis
Shielding Medium / Ref. No C | Mn P S Si | Cu| Cr \% Ni Mo Al |TifNb|Co B W|Sn|Fe|Sb|N|Mg|Zn|Be|Sb|As
M21-ArC-25 |/ PE7387 0.05|1.64 | 0.009 | 0.006 | 0.37 | 0.01|0.04 |0.02|0.97 | <.01|<.01 0.0056
C1 / PE7390 0.05[1.36 | 0.009 | 0.006 | 0.24 | 0.01|0.04 {0.02|0.92 | <.01 | <.01 0.0043
Diffusible Hydrogen Collected per AWS A4.3
M21-ArC-25 3.0 ml/100g of weld metal for 1/16 in diameter 17% relative humidity
C1 3.9 ml/100g of weld metal for 1/16 in diameter 21.9% relative humidity

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fire Traffic

James A. Owens, Q.A. Specialist

Certification and Limited Warranty - Data for the above supplied product are those obtained when welded and tested in accordance with the above specification. All tests for the above
classification were satisfied. Other tests and procedures may produce different results.




City of Puyallup
Development & Permitting Services

VFILLEH METALS

ISSUED PERMIT
Building ‘ﬂyning
Product: FabCO 811N1 Engineering || Public Works Certificate of Conformance
Diameter: 1/16” Fire Traffic For AWS D1.8/D1.8M, Seismic Supplement

Shielding Gas: C1 (100% CO2)
Current/Polarity: DCEP

Classification: E81T1-NilCJ H4
Specification: AWS A5.29/A5.29M:2010
Test Completed: 2/9/2024

This is to certify that the product named is of the same classification, manufacturing process, and material
requirements as the material, which was used for the test which was concluded on the date shown, the results
of which are shown below. All test required by the code or specifications were performed at that time and
the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other
specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # D015372016733

High Heat Input

Low Heat Input

AWS D1.8
64.3 kJ/in 30.0 kJ/in Mechanical Properties Requirements 64.3 kJlin 30.0 kJ/in
Voltage 24 26 Test Reference # PE1796 PE1564
Current (amps) 210 250
WFS (ipm) 169 220
Travel Speed (ipm) 4.65 13 Tensile Strength (psi) 80,000 80,500 85,500
Stick Out 3/4” 3/4” Yield Strength (psi) 68,000 69,900 79,500
# of passes 8 13 Elongation (%) 19 27 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 124 163
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # D015672001732 AWS D1.8 High Heat Input Low Heat Input

80.8 kJ/in 30.0 kJ/in Mechanical Properties Requirements 80.8 kJ/in 30.0 kJ/in
Voltage 25 26 Test Reference # PE1567 PE1566
Current (amps) 220 250
WFS (ipm) 175 220
Travel Speed (ipm) 4.1 13 Tensile Strength (psi) 80,000 80,200 87,900
Stick Out 3/4¢ 3/4” Yield Strength (psi) 68,000 69,600 81,200
# of passes 7 13 Elongation (%) 19 29 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 154 156
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # H03922 AWS D1.8 High Heat Input Low Heat Input
78.1.0 kJ/in 29.4 kJlin Mechanical Properties Requirements 78.1 kJ/in 29.4 kJ/in
Voltage 25 24 Test Reference # PE7543 PE7540
Current (amps) 200 220
WFS (ipm) 170 170
Travel Speed (ipm) 4.0 10.7 Tensile Strength (psi) 80,000 79,900 84,400
Stick Out 3/4¢ 3/4* Yield Strength (psi) 68,000 69,000 77,900
# of passes 8 21 Elongation (%) 19 29 27
# of layers 4 8 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 157 143
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.29/A5.29M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received H03922 HB7385 3.7 (ml/100g)
7 Day Exposure H03922 HB7442 4.2 (ml/100g)

The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied
product are those obtained during the welding process and tested in accordance with the above specification with
electrodes of the same manufacturing processes and material requirements. All tests for the above classification
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com
for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist



VFILLER METALS

Product:
Diameter:
Shielding Gas:

FabCO 811N1
1/16”

M21-ArC-25

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building lanning
Engineering Public Works
Fire Traffic

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named is of the same classification, manufacturing process, and material

Current/Polarity: DCEP
Classification:

E81T1-Nil MJ H4
Specification: AWS A5.29/A5.29M:2010

Test Completed: 12/19/2022

requirements as the material, which was used for the test which was concluded on the date shown, the results

of which are shown below. All test required by the code or specifications were performed at that time and
the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other
specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # C003240601463

AWS D1.8

High Heat Input

Low Heat Input

78.4 kd/in 28.9 kJ/in Mechanical Properties Requirements 78.4 kdfin 28.9 kd/in
Voltage 25 23 Test Reference # PD7580 PD7734
Current (amps) 230 220
WFS (ipm) 170 170
Travel Speed (ipm) 44 10.5 Tensile Strength (psi) 80,000 90,000 104,000
Stick Out 3/4” 3/4” Yield Strength (psi) 68,000 78,000 97,000
# of passes 8 20 Elongation (%) 19 25 20
# of layers 5 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 117 92
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # 7026471824041 AWS D18 High Heat Input Low Heat Input

80.5 kJ/in 30.4 kJ/in Mechanical Properties Requirements 80.5 kJ/in 30.4 kJ/in
Voltage 25 23 Test Reference # PD2728 PD2727
Current (amps) 220 220
WFS (ipm) 170 170
Travel Speed (ipm) 41 10 Tensile Strength (psi) 80,000 100,000 113,000
Stick Out 3/4 3/47 Yield Strength (psi) 68,000 87,000 108,000
# of passes 9 21 Elongation (%) 19 24 21
# of layers 5 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 111 77
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # FO5959 AWS DL8 High Heat Input Low Heat Input

79.5 kd/in 29.0 kdfin Mechanical Properties Requirements 79.5 kd/in 29.0 kd/in
Voltage 25 23 Test Reference # PE4814 PE4813
Current (amps) 222 223
WFS (ipm) 180 180
Travel Speed (ipm) 4.18 10.7 Tensile Strength (psi) 80,000 91,100 108,000
Stick Out 1/2"-5/8" 3/4¢ Yield Strength (psi) 68,000 73,500 103,000
# of passes 9 21 Elongation (%) 19 25 21
# of layers 5 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 134 93
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.29/A5.29M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received G02493 HB6005 3.7 (ml/100g)
7 Day Exposure G02493 HB6403 7.3 (ml/100g)

The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied
product are those obtained during the welding process and tested in accordance with the above specification with
electrodes of the same manufacturing processes and material requirements. All tests for the above classification
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




WELDING POSITIONS:

LLOGED

Allows for improved welding travel speeds and produc-
tivity.

Provides good operator appeal and produces welds with
uniform appearance.

Reduces time spent on post-weld silicon removal in

HOBART

FILLER METALS

FabCOR® Edge " XP

AWS A5.18: E70C-6M H4
AWS A5.28: E80C-G H4
EN ISO 17632-A: T46 3 M M21 H5

FEATURES:

BENEFITS

o Higher deposition rates and efficiencies than solid  *
wires.

e Smooth arc Characteristics i

« Formulation specifically addresses silicon island
formation and distribution when welding scale-free  *

base metal. preparation for paint/coating application or other weld
o Excellent bead appearance and contour when passes.
welding over mill scale. ¢ Helps minimize the need for pre-weld cleaning.

APPLICATIONS:

e Automatic and mechanized welding
e Semi-automatic welding
e Truck and trailer fabrication

¢ Non-alloyed and fine grain steels
e Structural steel fabrication
e Rail cars

e Earthmoving equipment
e Agricultural equipment
e General fabrication

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

WIRE TYPE: Gas-shielded, metal-powder, metal cored wire

SHIELDING GAs: 75-95% Argon (Ar)/Balance Carbon Dioxide (COz), 35-50 cfh (19-24 I/min)
TyPE OF CURRENT: Direct Current Electrode Positive (DCEP)

STANDARD DIAMETERS: 0.035” (0.9), 0.045” (1.2 mm), 0.052” (1.4 mm), 1/16” (1.6 mm)
RE-DRYING: Not Recommended

Public Works

Engineering

Fie |

Traffic

STORAGE: Product should be stored in a dry, enclosed environment and in its original intact packaging

TypPicAL WELD METAL CHEMICAL COMPOSITION* (Chem Pad):

Weld Metal Analysis (%) 75% Ar/25% CO, 90% Ar/10% CO, 95% Ar/5% CO, AWS Spec.
Carbon (C) 0.04 0.04 0.04 0.12
Manganese (Mn) 1.43 1.52 1.62 1.75
Silicon (Si) 0.62 0.72 0.77 0.90
Sulphur (S) 0.009 0.010 0.011 0.030
Phosphorus (P) 0.006 0.008 0.008 0.030

Note: AWS Specification single values are maximums

TypicAL WELD METAL DIFFUSIBLE HYDROGEN*:

Hydrogen Equipment

75% Ar/25% CO,

90% Ar/10% CO,

95% Ar/5% CO,

AWS Spec.

(GAs CHROMOTOGRAPHY)

2.8ml/100 g

2.8ml/100 g

2.9ml/100 g

4.0 ml/100 g Maximum

Mechanical Tests

75% Ar/25% CO,

TyYPICAL MECHANICAL PROPERTIES (As Welded)*:

90% Ar/10% CO,

95% Ar/5% CO,

AWS Spec.

Tensile Strength

85,000 psi (586 MPa)

87,000 psi (600 MPa)

90,000 psi (634 MPa)

70,000 psi (480 MPa) Min.

Yield Strength

73,000 psi (503 MPa)

75,000 psi (517 MPa)

81,000 psi (558 MPa)

58,000 psi (400 MPa) Min.

Elongation % in 2" (50 mm)

28%

28%

25%

22% Minimum

CVN Temperatures

75% Arl25% CO,

TYPICAL CHARPY V-NOTCH IMPACT VALUES* (As Welded):

90% Ar/10% CO,

95% Ar/5% CO,

AWS Spec.

Avg. @ -20°F (-30°C)

40 ft-Ibs (54 Joules)

36 ft-lbs (49 Joules)

30 ft-lbs (41 Joules)

20 ft-lbs (27 Joules)

*The information contained or otherwise referenced herein is presented only as “typical” without guarantee or warranty, and Hobart Brothers Company expressly disclaims
any liability incurred from any reliance thereon. Typical data are those obtained when welded and tested in accordance with the AWS A5.18 specification. Other tests and
procedures may produce different results. No data is to be construed as a recommendation for any welding condition or technique not controlled by Hobart Brothers LLC.

Hobart Brothers LLC « 101 Trade Square East  Troy, OH 45373
PH: (800) 424-1543 « FX: 800-541-6607 « www.hobartbrothers.com




FabCOR® Edge " XP

TypPicAL OPERATING PARAMETERS*:

Diameter . Wire Feed Speed | Deposition Rate Contac? Tip to Work
Weld Position | Amps | Volts Distance
Inches (mm) in/min  (m/min) | lbs/hr  (kg/hr) Inches (mm)
0.035 (0.9) | Flat & Horizontal | 150 24 320 (8.1) 4.6 (2.1) 12 (13)
0.035 (0.9) | Flat & Horizontal | 200 26 450 (11.4) 6.9 (3.1) 1/2 (13)
0.035 (0.9) | Flat & Horizontal | 250 29 590 (15.0) 9.2 (4.2) 1/2 (13)
0.045 (1.2) | Flat & Horizontal | 200 23 240 (6.1) 6.6 (3.0) 3/4 (19)
0.045 (1.2) | Flat & Horizontal | 250 25 340 (8.6) 8.9 (4.0) 3/4 (19)
0.045 (1.2) | Flat & Horizontal | 300 26 420 (10.7) 11.5 (5.2) 3/4 (19)
0.045 (1.2) | Flat & Horizontal | 350 28 570 (14.5) 16.1 (7.3) 7/8 (22)
0.045 (1.2) | Flat & Horizontal | 400 30 725 (18.4) 20.1 (9.1) 7/8 (22)
0.052 (1.4) | Flat & Horizontal | 200 23 190 (4.8) 6.9 (3.1) 3/4 (19)
0.052 (1.4) | Flat & Horizontal | 250 24 240 (6.1) 9.1 (4.1) 3/4 (19)
0.052 (1.4) | Flat & Horizontal | 300 26 320 (8.1) 1.4 (5.2) 3/4 (19)
0.052 (1.4) | Flat & Horizontal | 350 28 405 (10.3) 14.6 (6.6) 7/8 (22)
0.052 (1.4) | Flat & Horizontal | 400 30 515 (13.1) 19.2 (8.7) 7/8 (22)
1/16 (1.6) | Flat & Horizontal | 250 24 155 (3.9) 7.6 (3.4) 7/8 (22)
1/16 (1.6) | Flat & Horizontal | 300 25 205 (5.2) 104 4.7) 7/8 (22)
1/16 (1.6) | Flat & Horizontal | 350 27 265 (6.7) 12.1 (5.5) 7/8 (22)
1/16 (1.6) | Flat & Horizontal | 400 29 325 (8.3) 15.6 (7.1) 1 (25)
1/16 (1.6) | Flat & Horizontal | 500 31 500 (12.7)) | 24.7 (11/2) 1 (25)

Maintaining a proper welding procedure - including pre-heat and interpass temperatures - may be critical depending on
the type and thickness of the steel being welded.

For out of position welding, short circuit or pulsed spray transfer mode must be used.

Pulse waveforms are designed with nominal operating points that may result in average voltage and current values that differ
from the table above. Generally, pulse processes can be expected to produce lower heat inputs than a standard CV process.

o See Above: This information was determined by welding using 90% Ar/10% CO2 shielding gas with a flow rate between 35-50
cfh (17-24 I/min). When welding using 75% Ar/25% CO; shielding gas, increase voltage by 1-3 volts.

AvAILABLE DIAMETERS AND PACKAGES: For a complete list of diameters and packaging, please contact
Hobart Brothers at (800) 424-1543 or (937) 332-5188

Diameter 33-1b. (15kg) 50-Ib. (22.7kg) 500-Ib. (226.8kg) 1000-Ib. (453.6kg)
Inches  (mm) Spool Spool X-Pak Recyclable X-Pak
Net Pallet Weight | 2376-Ib (1078 kg) 1600-Ib (726 kg) 2000-Ib (907 kg) 2000-Ib. (907 kg)

0.035 (0.9) S$250608-029 S250608-029 — —

0.045 (1.2) S250612-029 S250612-027 S250612-050 S250612-058

0.052 (1.4) S250615-029 S250615-027 S250615-050 S250615-058
1/16 (1.6) S250619-029 S250619-027 — S250619-058

CONFORMANCES AND APPROVALS
AWS A5.18, E70C-6M H4

.
e AWS A5.18M, E49C-6M H4 City of Puyallup

e AWS A5.28, ES0C-G H4 Development & Permitting Services
o AWS A5.28M, E55C-G H4 Bu”:fingED PR -

o ASME SFA 5.18, E70C-6M H4 ——r - \;\/ >
e CWB, E491T15-(M12, M20, M21)A3-CS1-H4 Ry uDrs/rorks
e ENISO 17632-A, T46 3 M M21 H5 Fire Traffic

.

.

AWS D1.8, See Approval Certificate for Details [0.045” (1.2 mm) - 1/16” (1.6 mm) diameters]
CE Marked per CPR 305/2011 (1.2 mm - 1.6 mm diameter electrodes)

TECHNICAL QUESTIONS? For technical support of Hobart Filler Metals products, contact the Applications Engineering department by phone toll-free at
1-800-532-2618 or by e-mail at Applications.Engineering@HobartBrothers.com

CAUTION:

Consumers should be thoroughly familiar with the safety precautions on the warning label posted in each shipment and in the American National
Standard Z49.1, “Safety in Welding and Cutting,” published by the American Welding Society, 8669 NW 36 St, Miami, FL 33166-6672 (can also be
downloaded online at www.aws.org); OSHA Safety and Health Standards 29 CFR 1910 is available from the U.S. Department of Labor, Washington,
D.C. 20210

Safety Data Sheets on any Hobart Brothers LLC product may be obtained from Hobart Customer Service or at www.hobartbrothers.com.
Because Hobart Brothers Company is constantly improving products, Hobart reserves the right to change design and/or specifications without notice.

Edge is a trademark of Hobart Brothers Company, Troy Ohio.
Hobart and FabCOR are registered trademarks of Hobart Brothers LLC, Troy, Ohio.

Revision Date: 230616 (Replaces 221010) - B ) .: ANV 4
v FILLER METALS




Certificate of Conformance
to Requirements for Welding Electrode

N LORART

FILLER METALS

Product Type: FabCOR Edge XP

Classification: E70C-6M H4, ES80C-G H4

Specifications: AWS A5.18, A5.28; SFA 5.18, 5.28
Diameter Tested: 116

Date Tested: 02/23/2023

Date Generated: 3/21/2023

This is to certify that the product named above and supplied on the referenced order number is of the same classification, manufacturing process, and material requirements as the
material which was used for the test that was concluded on the date shown, the results of which are shown below. All tests required by the specifications shown for classification were
performed at that time and the material tested met all requirements. It was manufactured and supplied by the Quality System Program of Hobart Brothers, which meets the requirements
of ISO 9001, ANSI/AWS A5.01, and other specification and Military requirements, as applicable. This document supplies actual test results of non-specific inspection in conformance
with the requirements of EN 10204, type 2.2 certification.

THE STEEL USED IN THIS LOT OF MATERIAL WAS MELTED AND MANUFACTURED IN THE U.S.A.

Test Settings
Shielding Medium Amps / Polarity Volts ) _WFS ) ESO in(mm) Preheat F(C) Interpass F(C) ITra\./eI Spee.d
in/min(m/min) in/min(cm/min)
M21-ArC-25 325 / DCEP 29 240 (6.1) 3/4 (19) Room Temp 300(149) 14 (35.6)
M20-ArC-10 325 / DCEP 27 240 (6.1) 3/4 (19) Room Temp 300(149) 14 (35.6)
M12-ArC-5 325 / DCEP 26 240 (6.1) 3/4 (19) Room Temp 300(149) 14 (35.6)
Mechanical Properties - Tensile
Shielding Medium Ref. No. Testing Conditions Ult. Tensile Strength psi (MPa) Yield Strength psi (MPa) Elong.% in 2"
M21-ArC-25 PE5718 Aged 48 Hrs 220F 77,000 (528) 65,000 (447 ) 30
M20-ArC-10 PES5721 Aged 48 Hrs 220F 80,000 ( 555 ) 70,000 (485) 29
M12-ArC-5 PE5726 Aged 48 Hrs 220F 83,000 ( 570) 70,000 (483) 29
Mechanical Properties - Impact
Shielding Medium Ref. No. Testing Conditions Temp. F (C) Individuals ft.Ib.(J) Avg. ft.Ib.(J) Type
M21-ArC-25 PE5718 As Welded -20 (-29) 16,40,42 (22,54,57) 33(44) Charpy-V-Notch
M20-ArC-10 PE5721 As Welded -20 (-29) 31,17,20 (42,23,27) 23(31) Charpy-V-Notch
M12-ArC-5 PE5726 As Welded -20 (-29) 43,42,45 (58,57,61) 43 (59) Charpy-V-Notch
_Ref.No. ﬁadiographic Inspection met Weld ?est
PE5718 Conforms Horizontal : Overhead || Vertical :
PE5721 Conforms Horizontal | Overhead ! Vertical :
PE5726 Conforms Horizontal : Overhead | Vertical :
Chemical Analysis
Shielding Medium / Ref. No C | Mn P S Si | Cu| Cr \% Ni | Mo [Alf Ti |Nb|Co B W|Sn|Fe|Sb|N|Mg|Zn|Be|Sb|As
M21-ArC-25 / PE5718 0.041.28|0.012 | 0.011 | 0.59 0.06 | 0.05 | <.01 | 0.03 | 0.01 0.010 0.0007
M20-ArC-10 / PE5721 0.03|1.48|0.013 | 0.011 | 0.730.05 | 0.05| < .01 {0.03 {0.01 0.014 0.0007
M12-ArC-5 / PE5726 0.03|1.60| 0.012 { 0.010 | 0.80 0.05 | 0.04 | <.01 | 0.02 | 0.01 0.018 0.0009

Diffusible Hydrogen Collected per AWS A4.3

M20-ArC-10 3.3 ml/100g of weld metal for 1/16 in diameter 15% relative humidity
M12-ArC-5 3.3 ml/100g of weld metal for 1/16 in diameter 15% relative humidity
M21-ArC-25 2.0 ml/100g of weld metal for 1/16 in diameter 15% relative humidity

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

%ﬂ-«/ﬁ //W//

James A. Owens, Q.A. Specialist

Fire Traffic

Certification and Limited Warranty - Data for the above supplied product are those obtained when welded and tested in accordance with the above specification. All tests for the above
classification were satisfied. Other tests and procedures may produce different results.
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VFILLEH METALS

Product: FabCOR Edge XP
Diameter: .045”

Shielding Gas: M20-ArC-10
Current/Polarity: DCEP
Classification: E70C-6M H4

Specification: AWS AS5.18/A5.18M:2017
Test Completed: 6/13/2024

ISSUED
Building

City of Puyallup
Development & Permitting Services

PERMIT

‘.Blgming

Engineering

Public Works

Fire

Traffic

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which

are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot-# D670911005

AWS D1.8

High Heat Input

Low Heat Input

78.8 kJlin 27.8 kJlin Mechanical Properties Requirements 78.8 kd/in 27.8 kJlin
Voltage 27 255 Test Reference # PE2254 PE2257
Current (amps) 350 280
WFS (ipm) 575 385
Travel Speed (ipm) 7.2 15.4 Tensile Strength (psi) 70,000 81,000 88,600
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 65,900 77,400
# of passes 8 16 Elongation (%) 22 27 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 97 92
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F62327 AWS D1.8 High Heat Input Low Heat Input

81.1 kJ/in 29.8 kJ/in Mechanical Properties Requirements 81.1 kJ/in 29.8 kJ/in
Voltage 27 255 Test Reference # PE2212 PE2210
Current (amps) 350 280
WFS (ipm) 560 385
Travel Speed (ipm) 7.0 14.44 Tensile Strength (psi) 70,000 77,600 84,500
Stick Out 314" 3/4” Yield Strength (psi) 58,000 60,800 72,500
# of passes 6 16 Elongation (%) 22 30 28
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 80 68
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # J90215 AWS D1.8 High Heat Input Low Heat Input
79.5 kJ/in 27.4 kJlin Mechanical Properties Requirements 79.5 kJ/in 27.4 kJlin
Voltage 28 28 Test Reference # PE8132 PE2195
Current (amps) 300 265
WFS (ipm) 425 380
Travel Speed (ipm) 6.3 16.2 Tensile Strength (psi) 70,000 77,700 90,400
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 60,000 80,200
# of passes 7 18 Elongation (%) 22 31 25
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 98 76
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received J90215 HB7504 2 (ml/100g)
7 Day Exposure J90215 HB7525 2 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied J,:
product are those obtained during the welding process and tested in accordance with the above specification with Vi i
electrodes of the same manufacturing processes and material requirements. All tests for the above classification d
ety

were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP
Diameter: .045”

Shielding Gas: M21-ArC-25
Current/Polarity: DCEP
Classification: E70C-6M H4

Specification: AWS AS5.18/A5.18M:2017
Test Completed: 6/11/2024

ISSUED
Building

City of Puyallup
Development & Permitting Services

PERMIT

| Planning

Engineering

Public Works

Fire

Traffic

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the

A5.01, and other specification and Military requirements, as applicable.

material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS

Test Settings

High Heat Input

Low Heat Input

Lot-# D670911005

AWS D1.8

High Heat Input

Low Heat Input

81.6 kJ/in 27.5 kJlin Mechanical Properties Requirements 81.6 kJ/in 27.5 kJlin
Voltage 28 26 Test Reference # PE2252 PE2261
Current (amps) 340 270
WFS (ipm) 560 400
Travel Speed (ipm) 7.0 15.3 Tensile Strength (psi) 70,000 79,100 85,500
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 62,600 74,100
# of passes 8 16 Elongation (%) 22 29 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 88 78
Interpass Temp. °F 500+/-30 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F62327 AWS D1.8 High Heat Input Low Heat Input

82.5 kJ/in 29.2 kJ/in Mechanical Properties Requirements 82.5 kJ/in 29.2 kJ/in
Voltage 28 26 Test Reference # PE2211 PE2209
Current (amps) 350 275
WFS (ipm) 560 370
Travel Speed (ipm) 7.14 14.83 Tensile Strength (psi) 70,000 76,300 82,200
Stick Out 314" 3/4” Yield Strength (psi) 58,000 59,900 71,500
# of passes 6 18 Elongation (%) 22 29 27
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 71 54
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # J90215 AWS D1.8 High Heat Input Low Heat Input
81.75 kJ/in 28.4 kJlin Mechanical Properties Requirements 81.75 kJ/in 28.4 kJlin
Voltage 29 29 Test Reference # PE7889 PE8118
Current (amps) 300 265
WFS (ipm) 425 380
Travel Speed (ipm) 6.4 16.2 Tensile Strength (psi) 70,000 73,800 87,100
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 59,500 74,800
# of passes 7 18 Elongation (%) 22 32 25
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 90 76
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received J90215 HB7503 1 (ml/100g)
7 Day Exposure J90215 HB7526 2 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the y
above-supplied product are those obtained during the welding process and tested in accordance with the above P
specification with electrodes of the same manufacturing processes and material requirements. All tests for the f /
above classification were performed satisfactorily. No data is to be construed as a recommendation for any e,

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website

at www.hobartbrothers.com for current Safety Data Sheets ("*SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP
Diameter: .052”

Shielding Gas: M20-ArC-10
Current/Polarity: DCEP
Classification: E70C-6M H4

Specification: AWS A5.18/A5.18M:2017

Test Completed: 6/26/2024

City of Puyallup
Development & Permitting Services

ISSUED PERMIT .
Buiding | [LLplanming ] Certificate of Conformance
Engineering || Public Works For AWS D1.8/D1.8M, Seismic Supplement
e Traffic This is to certify that the product named herein is of the same classification, manufacturing process, and

material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # F624251201

High Heat Input

Low Heat Input

AWS D1.8
80.4 kJ/in 28.2 kJ/in Mechanical Properties Requirements 80.4 kJ/in 28.2 kJlin
Voltage 29.5 26 Test Reference # PE2262 PE2253
Current (amps) 350 275
WEFS (ipm) 415 265
Travel Speed (ipm) 7.7 15.2 Tensile Strength (psi) 70,000 75,900 83,300
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 59,800 71,800
# of passes 6 16 Elongation (%) 22 31 26
# of layers 3 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 103 76
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # D670121202031 AWS D1.8 High Heat Input Low Heat Input

79.3 kJ/in 29.4 kJ/in Mechanical Properties Requirements 79.3 kJ/in 29.4 kJ/in
Voltage 27 25 Test Reference # PE2229 PE2227
Current (amps) 375 275
WFS (ipm) 420 270
Travel Speed (ipm) 7.68 14.1 Tensile Strength (psi) 70,000 76,100 85,700
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 61,500 75,100
# of passes 7 17 Elongation (%) 22 33 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 107 82
Interpass Temp. °F 500+/-30 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # H94483 AWS D1.8 High Heat Input Low Heat Input
79.1 kJ/in 27.9 kJlin Mechanical Properties Requirements 79.1 kJ/in 27.9 kJlin
Voltage 27 26 Test Reference # PE8190 PE8182
Current (amps) 375 275
WFS (ipm) 415 275
Travel Speed (ipm) 7.85 15.3 Tensile Strength (psi) 70,000 79,500 88,100
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 63,800 77,300
# of passes 7 18 Elongation (%) 22 31 27
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 77 48
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received H94483 HB7492 4 (ml/100g)
7 Day Exposure H94483 HB7527 3 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the \
abov.e—supplied.product are those obtained durix}g lhg welding process and te§ted in a.ccordance with lhe‘ above . Fa
bove claseiiation were erformed satsactorily. No s I 0 b consiued a5 s secommendation o ay s

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website

at www.hobartbrothers.com for current Safety Data Sheets ("*SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP

City of Puyallup
Development & Permitting Services

Diameter: .052” ISSUED PERMIT
Shielding Gas: M20-ArC-15 Buiding | [{Planting
Current/Polarity: DCEP Engineering Public Works
Classification: E70C-6M H4 Fire Traffic

Specification: AWS AS5.18/A5.18M:2017
Test Completed: 6/26/2024

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings High Heat Input Low Heat Input Lot- # F62931

High Heat Input

Low Heat Input

AWS D1.8
80.2 kJ/in 29.6 kJ/in Mechanical Properties Requirements 80.2 kJ/in 29.6 kJ/in
Voltage 27.5 25.5 Test Reference # PE2286 PE2287
Current (amps) 375 275
WEFS (ipm) 420 270
Travel Speed (ipm) 7.72 14.34 Tensile Strength (psi) 70,000 72,500 80,400
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 58,500 68,600
# of passes 7 18 Elongation (%) 22 32 27
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 84 64
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # D670121202031 AWS D1.8 High Heat Input Low Heat Input

80.0 kJ/in 29.2 kJ/in Mechanical Properties Requirements 80.0 kJ/in 29.2 kJ/in
Voltage 27.5 25.5 Test Reference # PE2276 PE2275
Current (amps) 375 275
WFS (ipm) 420 275
Travel Speed (ipm) 7.74 14.47 Tensile Strength (psi) 70,000 75,200 82,600
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 59,500 70,700
# of passes 7 18 Elongation (%) 22 30 27
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 95 81
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # H94483 AWS D1.8 High Heat Input Low Heat Input
79.5 kJ/in 30 kJ/in Mechanical Properties Requirements 79.5 kJ/in 30 kJ/in
Voltage 28 27 Test Reference # PE8194 PE8196
Current (amps) 350 275
WFS (ipm) 420 275
Travel Speed (ipm) 71 14.8 Tensile Strength (psi) 70,000 78,200 85,000
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 61,700 73,400
# of passes 6 18 Elongation (%) 22 31 28
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 87 75
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received H94483 HB7490 4 (ml/100g)
7 Day Exposure H94483 HB7528 3 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the
above-supplied product are those obtained during the welding process and tested in accordance with the above F -
specification with electrodes of the same manufacturing processes and material requirements. All tests for the "
above classification were performed satisfactorily. No data is to be construed as a recommendation for any ey,

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website
at www.hobartbrothers.com for current Safety Data Sheets ("*SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP
Diameter: .052”

City of Puyallup
Development & Permitting Services

Shielding Gas: M21-ArC-25 ISSUED PERMIT
Current/Polarity: DCEP Buiding | RN
Classification: E70C-6M H4 Engineering || Public Works
Specification: AWS A5.18/A5.18M:2017 Fire Traffic

Test Completed: 6/26/2024

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings High Heat Input Low Heat Input Lot- # D670121201031

High Heat Input

Low Heat Input

AWS D1.8
81.2 kJ/in 29.5 kJ/in Mechanical Properties Requirements 81.2 kd/in 29.5 kJfin
Voltage 29.5 27 Test Reference # PE2228 PE2226
Current (amps) 350 275
WEFS (ipm) 410 270
Travel Speed (ipm) 7.65 15.2 Tensile Strength (psi) 70,000 71,800 82,900
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 57,600 72,300
# of passes 7 17 Elongation (%) 22 32 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 102 71
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F624251201 AWS D1.8 High Heat Input Low Heat Input

78.4 kJ/in 28.7 kJlin Mechanical Properties Requirements 78.4 kJ/in 28.7 kJlin
Voltage 29.5 27 Test Reference # PE2200 PE2198
Current (amps) 350 275
WFS (ipm) 410 265
Travel Speed (ipm) 7.9 15.5 Tensile Strength (psi) 70,000 72,600 81,200
Stick Out 314" 3/4” Yield Strength (psi) 58,000 58,100 69,800
# of passes 6 17 Elongation (%) 22 31 26
# of layers 3 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 81 51
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # H94483 AWS D1.8 High Heat Input Low Heat Input
81.5 kJ/in 29.4 kJ/in Mechanical Properties Requirements 81.5 kJ/in 29.4 kJ/in
Voltage 29 27 Test Reference # PE8209 PE8220
Current (amps) 3350 275
WES (ipm) 425 265
Travel Speed (ipm) 7.4 14.72 Tensile Strength (psi) 70,000 76,700 82,800
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 60,900 69,800
# of passes 6 17 Elongation (%) 22 30 29
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 91 74
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received H94483 HB7493 3 (ml/100g)
7 Day Exposure H94483 HB7529 3 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the \
abov.e—supplied.product are those obtained durix}g lhg welding process and te§ted in a.ccordance with lhe‘ above Vs Fa
hove clssfetion were prfommed atstactorly. No Ja s 1 b consined a a secommendition forany S

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website
at www.hobartbrothers.com for current Safety Data Sheets ("*SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP
Diameter: .052”

Shielding Gas: Ozoline C8
Current/Polarity: DCEP

Classification: E70C-6M H4
Specification: AWS AS5.18/A5.18M:2017
Test Completed: 6/26/2024

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building “Iﬂming

Engineering Public Works

Fire Traffic

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # F64777

AWS D1.8

High Heat Input

Low Heat Input

77.3 kJlin 29.5 kJ/in Mechanical Properties Requirements 77.3 kd/in 29.5 kJfin
Voltage 29 26 Test Reference # PE3175 PE3176
Current (amps) 350 300
WFS (ipm) 410 300
Travel Speed (ipm) 7.89 15.91 Tensile Strength (psi) 70,000 73,000 85,000
Stick Out 1” 3/4” Yield Strength (psi) 58,000 58,000 74,000
# of passes 7 15 Elongation (%) 22 30 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 56 68
Interpass Temp. °F 500+/-30 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F65403 AWS D1.8 High Heat Input Low Heat Input

78.5 kJ/in 29.7 kJ/in Mechanical Properties Requirements 78.5 kJ/in 29.7 kJ/in
Voltage 29 26 Test Reference # PE3189 PE3190
Current (amps) 350 300
WFS (ipm) 410 300
Travel Speed (ipm) 7.92 15.83 Tensile Strength (psi) 70,000 76,000 88,000
Stick Out 1 17 Yield Strength (psi) 58,000 60,000 77,000
# of passes 7 15 Elongation (%) 22 33 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 65 88
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # H94483 AWS D1.8 High Heat Input Low Heat Input
78.7 kJlin 30.9 kJ/in Mechanical Properties Requirements 78.7 kJlin 30.9 kJ/in
Voltage 28 26 Test Reference # PE8226 PE8227
Current (amps) 3350 300
WFS (ipm) 410 340
Travel Speed (ipm) 7.4 15.1 Tensile Strength (psi) 70,000 80,400 88,300
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 64,100 75,200
# of passes 7 15 Elongation (%) 22 31 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 77 80
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received H94483 HB7502 3 (ml/100g)
7 Day Exposure H94483 HB7530 4 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the y
above-supplied product are those obtained during the welding process and tested in accordance with the above a
specification with electrodes of the same manufacturing processes and material requirements. All tests for the ' _,.'
above classification were performed satisfactorily. No data is to be construed as a recommendation for any A

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website

at www.hobartbrothers.com for current Safety Data Sheets (""SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP

City of Puyallup
Development & Permitting Services

Diameter: 1/16” ISSUED PERMIT
Shielding Gas: M20-ArC-10 Buiiding__ | WS
Current/Polarity: DCEP Engineering Public Works
Classification: E70C-6M H4 Fire Traffic

Specification: AWS AS5.18/A5.18M:2017
Test Completed: 6/19/2024

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings High Heat Input Low Heat Input Lot- # J60188

High Heat Input

Low Heat Input

AWS D1.8
79.7 kJlin 31.4 kJlin Mechanical Properties Requirements 79.7 kd/in 31.4 kJlin
Voltage 26 26 Test Reference # PE8170 PE8169
Current (amps) 375 300
WFS (ipm) 295 220
Travel Speed (ipm) 7.3 14.9 Tensile Strength (psi) 70,000 78,200 86,400
Stick Out 3/4" 3/4" Yield Strength (psi) 58,000 61,100 7,100
# of passes 7 16 Elongation (%) 22 32 27
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 97 84
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F623171301 AWS D1.8 High Heat Input Low Heat Input

80.3 kJ/in 30.8 kJ/in Mechanical Properties Requirements 80.3 kJ/in 30.8 kJ/in
Voltage 26.5 30 Test Reference # PE2339 PE2299
Current (amps) 375 350
WFS (ipm) 295 200
Travel Speed (ipm) 7.45 15.0 Tensile Strength (psi) 70,000 73,400 79,400
Stick Out 3/4” 7/8” Yield Strength (psi) 58,000 58,500 67,000
# of passes 7 16 Elongation (%) 22 31 27
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 80 67
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F62351 AWS D1.8 High Heat Input Low Heat Input
81.4 kJ/in 29.8 kJ/in Mechanical Properties Requirements 81.4 kJ/in 29.8 kJ/in
Voltage 26.5 26 Test Reference # PE2387 PE2372
Current (amps) 375 300
WFS (ipm) 295 220
Travel Speed (ipm) 7.38 15.7 Tensile Strength (psi) 70,000 75,300 85,400
Stick Out 1" 1 Yield Strength (psi) 58,000 59,800 73,800
# of passes 7 17 Elongation (%) 22 30 27
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 85 79
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received J60188 HB7470 4 (ml/100g)
7 Day Exposure J60188 HB7507 4 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the |
abov.e—supplied.product are those obtained durix}g lhg welding process and te§ted in a.ccordance with lhe‘ above / }j..'
vt classfcation were perfore stsfastorly. No o 1o b consiaed s5 s ecommendaton To amy - s

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website
at www.hobartbrothers.com for current Safety Data Sheets ("*SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP

City of Puyallup
Development & Permitting Services

Di ter: 1/16” ISSUED PERMIT
lameter: Building ﬂlyning
Shielding Gas: M20-ArC-15 —— ;
ngineering Public Works
Current/Polarity: DCEP _ :
Classification: E70C-6M H4 i Traffi

Specification: AWS AS5.18/A5.18M:2017
Test Completed: 6/19/2024

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings High Heat Input Low Heat Input Lot- # J60188

High Heat Input

Low Heat Input

AWS D1.8
80.3 kJ/in 29.3 kJ/in Mechanical Properties Requirements 80.3 kJ/in 29.3 kJ/in
Voltage 27 27 Test Reference # PE8152 PE8147
Current (amps) 350 275
WFS (ipm) 275 190
Travel Speed (ipm) 7 14.9 Tensile Strength (psi) 70,000 76,500 82,700
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 60,900 71,400
# of passes 7 18 Elongation (%) 22 34 27
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 94 88
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F623171301 AWS D1.8 High Heat Input Low Heat Input

80.6 kJ/in 30.6 kJ/in Mechanical Properties Requirements 80.6 kJ/in 30.6 kJ/in
Voltage 27 26.5 Test Reference # PE2344 PE2358
Current (amps) 360 285
WFS (ipm) 275 191
Travel Speed (ipm) 7.24 14.85 Tensile Strength (psi) 70,000 72,400 78,600
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 58,600 65,700
# of passes 7 17 Elongation (%) 22 32 27
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 74 87
Interpass Temp. °F 500+/-30 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F62351 AWS D1.8 High Heat Input Low Heat Input
78.0 kJ/in 30.3 kJ/in Mechanical Properties Requirements 78.0 kJ/in 30.3 kJ/fin
Voltage 27 26.5 Test Reference # PE2385 PE2384
Current (amps) 360 285
WFS (ipm) 275 191
Travel Speed (ipm) 7.52 15.0 Tensile Strength (psi) 70,000 73,600 80,300
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 59,400 68,900
# of passes 7 17 Elongation (%) 22 30 27
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 77 82
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received J60188 HB7469 4 (ml/100g)
7 Day Exposure J60188 HB7509 5 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the \
above-supplied product are those obtained during the welding process and tested in accordance with the above b
specification with electrodes of the same manufacturing processes and material requirements. All tests for the i i
above classification were performed satisfactorily. No data is to be construed as a recommendation for any : "

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website
at www.hobartbrothers.com for current Safety Data Sheets ("*SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCOR Edge XP
Diameter: 1/16”

Shielding Gas: M21-ArC-25
Current/Polarity: DCEP
Classification: E70C-6M H4

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building [z;Elgming
Engineering Public Works
Fire Traffic

Specification: AWS A5.18/A5.18M:2017

Test Completed: 6/19/2024

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
A5.01, and other specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input Lot- # J60188

AWS D1.8

High Heat Input

Low Heat Input

78.1 kJ/in 29.7 kJfin Mechanical Properties Requirements 78.1 kd/in 29.7 kJlin
Voltage 28 28 Test Reference # PE8156 PE8163
Current (amps) 350 275
WFS (ipm) 275 200
Travel Speed (ipm) 6.3 15.5 Tensile Strength (psi) 70,000 74,700 81,000
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 58,500 67,300
# of passes 7 18 Elongation (%) 22 33 28
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 87 86
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F623171301 AWS D1.8 High Heat Input Low Heat Input

79.9 kJ/in 30.5 kJ/in Mechanical Properties Requirements 79.9 kJ/in 30.5 kJ/in
Voltage 28 26.5 Test Reference # PE2346 PE2352
Current (amps) 350 275
WFS (ipm) 265 195
Travel Speed (ipm) 7.37 14.35 Tensile Strength (psi) 70,000 71,200 81,400
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 57,900 68,600
# of passes 7 18 Elongation (%) 22 33 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 65 74
Interpass Temp. °F 500+/-30 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F62351 AWS D1.8 High Heat Input Low Heat Input
81.8 kJ/in 29.8 kJ/in Mechanical Properties Requirements 81.8 kJ/in 29.8 kJlin
Voltage 28 26.5 Test Reference # PE2381 PE2388
Current (amps) 350 285
WFS (ipm) 255 191
Travel Speed (ipm) 7.2 14.73 Tensile Strength (psi) 70,000 71,200 80,700
Stick Out 718" 3/4” Yield Strength (psi) 58,000 58,100 69,600
# of passes 7 17 Elongation (%) 22 33 26
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 98 71
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS AS5.18/A5.18M, Clause 15
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received J60188 HB7471 4 (ml/100g)
7 Day Exposure J60188 HB7508 2 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC ("Hobart") expressly disclaims any liability incurred from any reliance thereon. Data for the
above-supplied product are those obtained during the welding process and tested in accordance with the above J,:
specification with electrodes of the same manufacturing processes and material requirements. All tests for the rd L
above classification were performed satisfactorily. No data is to be construed as a recommendation for any L-_—é/'
Sy

welding condition or technique not controlled by Hobart. Please refer to the Hobart Brothers Company website
at www.hobartbrothers.com for current Safety Data Sheets ("*SDS").

James Owens, Quality Assurance Specialist



FabCO®Excel-Arc" 71

FILLER METALS

@
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AWS A5.20: E71T-1C H8, E71T-1M H8,

E71T-9C H8, E71T-9M H8
EN ISO 17632-A: T46 3 P C1 2 H10, T46 3 P M21 2 H10

FEATURES:

WELDING POSITIONS:

severs: LD

Fast-freezing slag

Easy slag removal

Low fumes and spatter

Able to bridge poor fit-up without burn-through

» Good impact toughness

APPLICATIONS:

» Non-alloyed and fine grain steels
+ Single and multi-pass welding

Excellent out-of-position capability

Increases welder appeal and productivity

Reduces clean-up time, minimizes risk of inclusions
Increases productivity, reduces part rework/rejection
Resists cracking in severe applications

« Structural fabrication * Heavy equipment
» General Fabrication

SLAG SYSTEM: Fast-freezing, rutile-type, flux-cored wire

SHIELDING GAS: 100% Carbon Dioxide (COy), 75-80% Argon (Ar)/Balance Carbon Dioxide (CO,), 35-50 cfh
(17-24 1/min)

TYPE OF CURRENT: Direct Current Electrode Positive (DCEP)
STANDARD DIAMETERS: 0.035” (0.9 mm), 0.045” (1.2 mm), 0.052” (1.4 mm), 1/16” (1.6 mm)
RE-DRYING: Not recommended

STORAGE: Product should be stored in a dry, enclosed environment, and in its original intact packaging
TypPicAL WELD METAL CHEMISTRY* (Chem Pad):

Weld Metal Analysis (%) 100% CO, 75% Ar/25% CO, AWS Spec

Carbon (C) 0021 O 022 O . 1 2 Developn%?t/&o(f E(lejr),n:!t!tlljnz Services
Manganese (Mn) 1.30 1.60 1.75 _/ISSUED PERMIT
Silicon (Si) 0.69 0.82 0.90 BLlJiIdin? .
Sulphur (S) 0.011 0.010 0.03 Engln-e}e:ng PubllcV\-Iorks
Phosphorus (P) 0.015 0.014 0.03 Fire ||  Traffic

Note: AWS specification single values are maximums.
TyPICAL DIFFUSIBLE HYDROGEN*:

Hydrogen Equipment

100% CO;

75% Ar/25% CO; AWS Spec

(GAs CHROMATOGRAPHY)

3.8 ml/100g

4.8 ml/100g 8.0 mI/100g Maximum

TyPICAL MECHANICAL PROPERTIES* (As Welded):

Mechanical Tests

100% CO;

75% Ar/25% CO, AWS Spec

Tensile Strength

84,000 psi (579 MPa) 90,000 psi (619 MPa) | 70,000-95,000 psi (490-670 MPa)

Yield Strength

77,000 psi (531 MPa) | 83,000 psi (571 MPa) | 58,000 psi (390 MPa) Minimum

Elongation % in 2" (50 mm) 28%

26% 22% Minimum

CVN Temperatures

100% CO,

75% Ar/25% CO, AWS Spec

Avg. at 0°F (-20°C)

101 ftelbs (137 Joules)

91 ftelbs (123 Joules) 20 ftelbs (27 Joules) Minimum

Avg. at -20°F (-30°C)

48 ftelbs (65 Joules)

72 ftelbs (98 Joules) 20 ftelbs (27 Joules) Minimum

*The information contained or otherwise referenced herein is presented only as “typical” without guarantee or warranty, and Hobart Brothers LLC
expressly disclaims any liability incurred from any reliance thereon. Typical data are those obtained when welded and tested in accordance with

AWS A5.20 specification. Other tests and procedures may produce different results. No data is to be construed as a recommendation for any welding
condition or technique not controlled by Hobart Brothers LLC.

Hobart Brothers LLC = 101 Trade Square East = Troy, OH 45373
PH: (800) 424-1543 - FX: 800-541-6607 - www.hobartbrothers.com



FabCO®Excel-Arc" 71

Wire-Feed Deposition Contact Tip to

Diameter Weld Speed Rate Work Distance

Inches (mm) Position Amps Volts in/min (m/min) Ibs/hr (kg/hr) Inches (mm)
0.035 0.9 All Position 125 23 330 (8.4 3.8 1.7 1/2 13
0.035 0.9 All Position 150 24 410 10.4 4.7 2.1 1/2 13
0.035 0.9 All Position 175 25 545 13.5 6.3 2.9 1/2 13
0.035 0.9 Flat & Horizontal 200 26 645 16.4 7.6 3.4 1/2 13
0.035 0.9 Flat & Horizontal 225 28 785 19.9 9.4 4.3 1/2 13
0.045 1.2 All Position 170 23 260 6.6 4.4 2.0 5/8 16
0.045 1.2 All Position 185 24 310 7.9 6.1 2.7 5/8 16
0.045 1.2 All Position 200 25 340 7.7 6.2 2.8 5/8 16
0.045 1.2 All Position 220 25 380 9.7 7.5 3.4 3/4 19
0.045 1.2 Flat & Horizontal 260 27 500 12.7 8.9 4.0 3/4 19
0.045 1.2 Flat & Horizontal 300 29 590 15.0 12.3 5.6 3/4 19
0.052 1.4 All Position 170 24 190 4.8 5.0 (2.?%) 3/4 19
0.052 1.4 All Position 200 25 210 5.3 5.6 2. 3/4 19
0.052 1.4 All Position 250 26 275 7.0 7.5 3.4 3/4 19
0.052 1.4 Flat & Horizontal 260 27 320 8.1 8.1 3.7 3/4 19
0.052 1.4 Flat & Horizontal 300 28 380 9.6 9.5 4.3 1 25
0.052 1.4 Flat & Horizontal 350 30 570 (14.5 14.4 6.5 1 25
1/16 1.6 All Position 180 23 130 4.1 4.6 2.1 3/4 19
1/16 1.6 All Position 245 25 190 4.8 6.5 3.0 1 25
1/16 1.6 All Position 275 26 225 5.7 7.8 3.5 1 25
1/16 1.6 Flat & Horizontal 280 27 240 6.0 9.3 4.2 1 25
1/16 1.6 Flat & Horizontal 360 28 330 8.4 12.0 54 1 25
116 1.6 Flat & Horizontal 400 30 430 (10.9 16.5 7.5 1 25

» Maintaining a proper welding procedure - including pre-heat and interpass temperatures - may be critical
depending on the type and thickness of steel being welded.
+ See Above: This information was determined by welding using 100% CO, shielding gas with a flow rate between
35-50 cfh (17-24 1/min). When using 75% Ar/25% CO; shielding gas, reduce voltage by 1 volt.

« All positions include: Flat, Horizontal, Vertical Up, and Overhead.

STANDARD DIAMETERS AND PACKAGES: For a complete list of diameters and packaging, please contact Hobart
Brothers at (800) 424-1543 or (937) 332-5188 for International Customer Service.

by | TP | Rl [ Sl | S0y ke o0 3 240 500, k) 00, 212
Net Pallet 2400 Ibs 2376 Ibs 2376 Ibs 1600 Ibs 1920 Ibs 2000 Ibs 2400 Ibs
Weight {1089 kg) (1078 Kg) (1078 kg) (726 kg) (871 kg) (907 kg) (1089 Kg)
0.035 (0.9) — S$247108-029 — — — — —
0.045 (1.2) | S247112-023 | S247112-029 | S247112-044 — §247112-002 | S247112-050 —
0.052 (1.4) | S247115-023 | S247115-029 — S247115-027 — — S247115-056
116 (1.6) — §247119-029 | S247119-044 | S247119-027 | S247119-002 — $247119-056

CONFORMANCES AND APPROVALS:
« AWS A5.20, E71T-1C H8, E71T-1M H8, E71T-9C H8, E71T-9M H8

« AWS A5.20M, E491T-1C H8, E491T-1M H8, E491T-9C H8, E491T-9M H8
- ASME SFA 5.20, E71T-1C H8, E71T-1M H8, E71T-9C H8, E71T-9M H8

« ABS, 100% CO, 3YSA H10, 75% Ar/25% CO,, 3YSA H10 (0.045” - 1/16” diameter electrodes)
* Burea Veritas, 100% CO,, S3YM HH (0.045” - 1/16” diameter electrodes)
*« CWB, 100% CO, E491T-9-H8, 75-80% Ar/Balance CO,, E491T-9M-H8 (1.2 mm - 1.6 mm diameter electrodes)

+ CWB, E491T1-(C1A3, M20A3, M21A3, GA3)-CS1-H8 (E491T-9-H8, E491T-9M-H8)

* DNV-GL, 100% CO,, 1II YMS(H10)
«EN ISO 17632-A: T46 3 P C1 2 H10, T46 3 P M21 2 H10
« CE Marked per CPR 305/2011
« Lloyd’s Register, 100% CO,, 3YS H10

« AWS D1.8/D1.8M, 100% CO, & 75% Ar/25% CO,, (0.045” [1.2 mm] & 1/16” [1.6 mm] diameter electrodes)

City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Building ning
Engineering Public Works
Fire Traffic

TECHNICAL QUESTIONS? For technical support of Hobart Filler Metals products, contact the Applications Engineering department by phone tolHree at
1-800-532-2618 or by e-mail at Applications.Engineering@hobartbrothers.com

CAUTION:

Consumers should be thoroughly familiar with the safety precautions on the warning label posted in each shipment and in the American National Standard
Z49.1, “Safety in Welding and Cutting,” published by the American Welding Society, 8669 NW 36th St., Miami, FL 33166 (can also be downloaded online at
www.aws.org); OSHA Safety and Health Standards 29 CFR 1910 is available from the U.S. Department of Labor, Washington, D.C. 20210

Safety Data Sheets on any Hobart Brothers LLC product may be obtained from Hobart Customer Service or at www.hobartbrothers.com.

Because Hobart Brothers LLC is constantly improving products, Hobart reserves the right to change design and/or

specifications without notice.

Hobart and FabCO are registered trademarks of Hobart Brothers LLC, Troy, Ohio.

Excel-Arc is a trademark of Hobart Brothers LLC, Troy, Ohio.
Revision Date: 230629 (Replaces 230427)

636-Y, INDEX
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Certificate of Conformance
to Requirements for Welding Electrode

N L ORART

FILLER METALS
Product Type: FabCO Excel-Arc 71
Classification: E71T-1C, E7T1T-1M, E71T-9C, E71T-9M H8

Specifications:

AWS A5.20/A5.20M; ASME SFA 5.20

Diameter Tested: .045"
Date Tested: 4/10/2023
Date Generated: 12/6/2023

Test Settings

This is to certify that the product named above and supplied on the referenced order number is of the same classification, manufacturing process, and material requirements as the
material which was used for the test that was concluded on the date shown, the results of which are shown below. All tests required by the specifications shown for classification were
performed at that time and the material tested met all requirements. It was manufactured and supplied by the Quality System Program of Hobart Brothers, which meets the requirements
of ISO 9001, ANSI/AWS A5.01, and other specification and Military requirements, as applicable. This document supplies actual test results of non-specific inspection in conformance
with the requirements of EN 10204, type 2.2 certification.

THE STEEL USED IN THIS LOT OF MATERIAL WAS MELTED AND MANUFACTURED IN THE U.S.A.

Shielding Medium Amps / Polarity Volts . .WFS A ESO in(mm) Preheat F(C) Interpass F(C) .Tra\./el Speeld
in/min(m/min) in/min(cm/min)
M21-ArC-25 275 | DCEP 27 540 (13.7) 5/8 (16) Room Temp 300(149) 11 (27.9)
C1(100% CO2) 275 | DCEP 28 540 (13.7) 5/8 (16) Room Temp 300(149) 11 (27.9)
Mechanical Properties - Tensile
Shielding Medium Ref. No. Testing Conditions Ult. Tensile Strength psi (MPa) Yield Strength psi (MPa) Elong.% in 2"
C1(100% CO2) PE6052 Aged 48 Hrs 220F 87,000 ( 599 ) 83,000 (572) 27
M21-ArC-25 PE6065 Aged 48 Hrs 220F 93,000 ( 643 ) 88,000 ( 605 ) 26
Mechanical Properties - Impact
Shielding Medium Ref. No. Testing Conditions Temp. F (C) Individuals ft.Ib.(J) Avg. ft.Ib.(J) Type
M21-ArC-25 PE6046 As Welded 0(-18) 63,69,79 (85,94,107) 70(95) Charpy-V-Notch
M21-ArC-25 PE6046 As Welded -20 (-29) 60,59,53 (81,80,72) 57 (78) Charpy-V-Notch
C1(100% CO2) PE6052 As Welded 0(-18) 107,104,97 (145,141,132) 103 (139) Charpy-V-Notch
C1(100% CO2) PE6052 As Welded -20 (-29) 89,89,84 (121,121,114) 87 (118) Charpy-V-Notch
_Ref.No. ﬁadiographic Inspection mest
PE6046 Conforms Horizontal | | Overhead ;| Conforms | Vertical ] Conforms
PE6052 Conforms Horizontal :| | Overhead ;| Conforms | Vertical ;] Conforms
Chemical Analysis
Shielding Medium / Ref. No C | Mn P S Si|Cu|Cr| V Ni Mo [Al|Ti{Nb|Co B W|Sn|Fe|Sb|N|Mg|Zn|Be|Sb|As
M21-ArC-25 / PE6046 0.02|1.57 | 0.009 | 0.008 |0.80|0.030.05]0.020.01|<.01 0.0048
C1(100% CO2) / PE6052 0.02|1.41]0.009 | 0.008 |0.70 | 0.03|0.04|0.020.01|<.01 0.0048

Diffusible Hydrogen Collected per AWS A4.3
7.6 ml/100g of weld metal for .045 in diameter 41% relative humidity

M21-ArC-25
C1

6.5 ml/100g of weld metal for .045 in diameter 44% relative humidity

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building
Engineering Public Works
Fire Traffic

James A. Owens, Q.A. Specialist

Certification and Limited Warranty - Data for the above supplied product are those obtained when welded and tested in accordance with the above specification. All tests for the above
classification were satisfied. Other tests and procedures may produce different results.




VFILLEH METALS

Product:

Diameter: .045”

FabCO Excel-Arc 71

Shielding Gas: C1 (100% CO2)
Current/Polarity: DCEP

Classification: E71T-1 H8, E71T-9 H8
Specification: AWS A5.20/A5.20M:2005
Test Completed: 8/16/2024

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building lanning
Engineering Public Works
Fire Traffic

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which
are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality

Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
AS5.01, and other specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # F000852301

AWS D1.8

High Heat Input

Low Heat Input

84.4 kJ/in 26.7 kJ/in Mechanical Properties Requirements 84.4 kJ/in 26.7 kJ/in
Voltage 25 26 Test Reference # PE2544 PE2551
Current (amps) 225 250
WFS (ipm) 380 450
Travel Speed (ipm) 4 14.6 Tensile Strength (psi) 70,000 80,400 93,100
Stick Out 3/4¢ 3/4¢ Yield Strength (psi) 58,000 69,900 87,000
# of passes 8 20 Elongation (%) 22 27 22
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 116 106
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # B611752703191 AWS D1.8 High Heat Input Low Heat Input

80.4 kJ/in 27.9 kJ/in Mechanical Properties Requirements 80.4 kJ/in 27.9 kJ/in
Voltage 25 26 Test Reference # PD6265 P6266
Current (amps) 225 250
WFS (ipm) 385 450
Travel Speed (ipm) 4.2 14 Tensile Strength (psi) 70,000 80,920 89,800
Stick Out 3/4¢ 3/4¢ Yield Strength (psi) 58,000 72,700 83,500
# of passes 8 20 Elongation (%) 22 28 23
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 122 109
Interpass Temp. °F 500+/-30 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # J60547 AWS D1.8 High Heat Input Low Heat Input
80.4 kJ/in 30.3 kJ/in Mechanical Properties Requirements 80.4 kJ/in 30.3 kJ/in
Voltage 25 26 Test Reference # PE8214 PE8515
Current (amps) 225 250
WFS (ipm) 385 450
Travel Speed (ipm) 4 13.2 Tensile Strength (psi) 70,000 83,100 91,300
Stick Out 3/4¢ 3/4¢ Yield Strength (psi) 58,000 73,300 85,600
# of passes 8 16 Elongation (%) 22 27 24
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 120 118
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received J60547 HB7665 6 (ml/100g)
7 Day Exposure J60547 HB7738 9 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied \
product are those obtained during the welding process and tested in accordance with the above specification with F AN
electrodes of the same manufacturing processes and material requirements. All tests for the above classification I J
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or Ay

technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product:

Diameter: .045”

FabCO Excel-Arc 71

Shielding Gas: M21-ArC-25
Current/Polarity: DCEP
Classification: E71T-1M H8, E71T-9M H8

Specification: AWS A5.20/A5.20M:2005

Test Completed: 8/16/2024

City of Puyallup

Development & Permitting Services
ISSUED PERMIT

Building Iﬂning
Engineering Public Works
Fire Traffic

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named herein is of the same classification, manufacturing process, and
material requirements as the material used for the tests completed on the date shown, the results of which

are recorded below. All tests required by the code or specifications were performed at that time and the
material tested met all requirements. The product was manufactured and supplied by the Quality
Management System of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS
AS5.01, and other specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # F000852301

AWS D1.8

High Heat Input

Low Heat Input

82.3 kJ/in 26.8 kJ/in Mechanical Properties Requirements 82.3 kJ/in 26.8 kJ/in
Voltage 25 25 Test Reference # PE2546 PE2555
Current (amps) 225 250
WFS (ipm) 380 450
Travel Speed (ipm) 4.1 14 Tensile Strength (psi) 70,000 82,500 98,900
Stick Out 3/4¢ 3/4¢ Yield Strength (psi) 58,000 72,000 95,500
# of passes 8 20 Elongation (%) 22 27 22
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 127 107
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot-# B614611305181 AWS D1.8 High Heat Input Low Heat Input

80.4 kJ/in 28.4 kJ/in Mechanical Properties Requirements 80.4 kJ/in 28.4 kJ/in
Voltage 25 26.5 Test Reference # PD6466 PD6465
Current (amps) 225 250
WFS (ipm) 385 460
Travel Speed (ipm) 4.2 14 Tensile Strength (psi) 70,000 90,500 99,400
Stick Out 3/4¢ 3/4¢ Yield Strength (psi) 58,000 79,000 93,900
# of passes 8 18 Elongation (%) 22 32 23
# of layers 4 8 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 120 81
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # J60547 AWS D1.8 High Heat Input Low Heat Input
78.6 kJ/in 29.2 kJ/in Mechanical Properties Requirements 78.6 kJ/in 29.2 kJfin
Voltage 25 25 Test Reference # PE8212 PE8213
Current (amps) 225 250
WFS (ipm) 385 450
Travel Speed (ipm) 4 14 Tensile Strength (psi) 70,000 88,700 100,000
Stick Out 3/4¢ 3/4* Yield Strength (psi) 58,000 77,300 94,100
# of passes 8 19 Elongation (%) 22 31 23
# of layers 4 5 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 114 98
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received J60547 HB7596 6 (ml/100g)
7 Day Exposure J60547 HB7739 8 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied \
product are those obtained during the welding process and tested in accordance with the above specification with ) 4
electrodes of the same manufacturing processes and material requirements. All tests for the above classification F )
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or l\_____é/’ -

technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product: FabCO Excel-Arc 71
Diameter: .052”

Shielding Gas: C1 (100% CO2)
Current/Polarity: DCEP

Classification: E71T-1C; E71T-9C H8
Specification: AWS A5.20/A5.20M:2005
Test Completed: 6/14/2024

City of Puyallup
Development & Permitting Services
ISSUED PERMIT .
Buiging | [ Planning Certificate of Conformance
Engineering || Public Works For AWS D1.8/D1.8M, Seismic Supplement
i e This is to certify that the product named is of the same classification, manufacturing process, and material

requirements as the material, which was used for the test which was concluded on the date shown, the results
of which are shown below. All test required by the code or specifications were performed at that time and
the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other
specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot-# J01328

High Heat Input

Low Heat Input

AWS D1.8
80.9 kJ/in 29.7 kJ/in Mechanical Properties Requirements 80.9 kJ/in 29.7 kJfin
Voltage 24 26 Test Reference # PE8109 PE8108
Current (amps) 220 260
WFS (ipm) 225 132‘%
Travel Speed (ipm) . Tensile Strength (psi)
Stick Out 3/4” 3/4” Yield Strength (psi) ;gggg ?] ?88 3523288
# of passes 8 18 Elongation (%) 29 31 26
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 93 120
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # J01257 AWS D1.8 High Heat Input Low Heat Input
81.5 kJ/in 30.9 kJ/fin Mechanical Properties Requirements 81.5 kJ/in 30.9 kJ/fin
Voltage 24 26 Test Reference # PE8120 PE8119
Current (amps) 220 260
WFS (ipm) 225 31640
Travel Speed (ipm Tensile Strength (psi)
sikou | aw ol Vield Swengin (y | 70000 | 79600 | 93,100
# of passes 8 15 Elongation (%) 99 20 3
# of layers 4 6 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 78 113
Interpass Temp. °F 500+/-30 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # J00119 AWS D1.8 High Heat Input Low Heat Input

78.3 kJlin 29 kJ/in Mechanical Properties Requirements 78.3 kJiin 29 kJlin
Voltage 24 26 Test Reference # PE7602 PE7601
Current (amps) 216 260
WFS (ipm) 255 360
i 4 14 i i
Travel Speed (ipm) o . Te_nsﬂe Strength (p§|) 70,000 75.800 88.300
Stick Out S/ 5/8 Yield Strength (psi)
7 18 A 58,000 65,900 81,700
# of passes Elongation (%) 29 31 5
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 103 111
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received Joo119 HB7440 8 (ml/100g)
7 Day Exposure J00119 HB4739 7 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied Y
product are those obtained during the welding process and tested in accordance with the above specification with r A
electrodes of the same manufacturing processes and material requirements. All tests for the above classification I J
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or l\-__.—é{-r-—'-—-—:\

technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




VFILLEH METALS

Product:

Diameter: .052”

FabCO Excel-Arc 71

Shielding Gas: M21-ArC-25
Current/Polarity: DCEP

Classification: E71T-1M; E71T-9M H8
Specification: AWS A5.20/A5.20M:2005
Test Completed: 6/14/2024

City of Puyallup 3
Development & Permitting Services Certlﬁcate Of Conformance
ISSUED PERMIT For AWS D1.8/D1.8M, Seismic Supplement
Building “Elgming
Engineering Public Works This is to certify that the product named is of the same classification, manufacturing process, and material
= = requirements as the material, which was used for the test which was concluded on the date shown, the results
Fire Traffic of which are shown below. All test required by the code or specifications were performed at that time and

the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other
specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot-# J01257

AWS D1.8

High Heat Input

Low Heat Input

Requirements

81.4 kJ/in 29.8 kJ/in Mechanical Properties Requirements 81.4kJ/in 29.8 kJ/in
Voltage 24 .5 27 Test Reference # PE8122 PE8665
Current (amps) 225 250
WEFS (ipm) 240 350
Travel Speed (ipm) 4 13.6 Tensile Strength (psi) 70,000 88,700 94,500
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 76,200 87,900
# of passes 8 17 Elongation (%) 22 30 23
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @
Interpass Temp. °F 500+/-50 200+/-25 +70 °F 40 107 116
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot-# J01328 AWS D1.8 High Heat Input Low Heat Input

81.0 kJ/in 29.2 kJ/in Mechanical Properties 81.0 kJ/in 29.2 kJ/in
Voltage 24.5 26 Test Reference # PE8107 PE8106
Current (amps) 225 260
WFS (ipm) 240 360
Travel Speed (ipm) 4 15 Tensile Strength (psi) 70,000 89,300 104,000
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 78,200 97,500
# of passes 8 17 Elongation (%) 22 27 23
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @
Interpass Temp. °F 500+/-30 200+/-25 +70 °F 40 114 79
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # J00119 AWS D1.8 High Heat Input Low Heat Input
81.6 kJ/in 29.4 kJ/in Mechanical Properties Requirements 81.6 kJ/in 29.4 kJfin
Voltage 24.5 26.1 Test Reference # PE7599 PE7600
Current (amps) 222 2591
WFS (ipm) 255 360
Travel Speed (ipm) 4 13.8 Tensile Strength (psi) 70,000 81,400 93,200
Stick Out 5/8" 3/4° Yield Strength (psi) 58,000 70,500 86,800
# of passes 7 18 Elongation (%) 22 28 23
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @
Interpass Temp. °F 500+/-50 200+/-25 +70 °F 40 110 65
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received Joo119 HB7462 4 (ml/100g)
7 Day Exposure J00119 HB7441 6 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied .
product are those obtained during the welding process and tested in accordance with the above specification with 2
electrodes of the same manufacturing processes and material requirements. All tests for the above classification rd N
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or k_______,é/s SR——

technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




vrlLLEH M

Product:

Diameter: 1/16”

ETALS

FabCO Excel-Arc 71

Shielding Gas: C1 (100% CO2)
Current/Polarity: DCEP
Classification: E71T-1 C/M, E71T-9 C/M H8

Specification: AWS A5.20/A5.20M:2005

Test Completed: 9/26/20

22

City of Puyallup
Development & Permitting Services

_SSUED SRRy Certificate of Conformance
Building ‘.Elgmlng . .
- ; For AWS D1.8/D1.8M, Seismic Supplement
Engineering Public Works
Fire Traffic This is to certify that the product named is of the same classification, manufacturing process, and material

requirements as the material, which was used for the test which was concluded on the date shown, the results
of which are shown below. All test required by the code or specifications were performed at that time and
the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other
specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # C604351904291

High Heat Input

Low Heat Input

AWS D1.8
78.8 kJ/in 31.0 kJfin Mechanical Properties Requirements 78.8 kd/in 31.0 kJ/in
Voltage 24 26 Test Reference # PD7581 PD7733
Current (amps) 3;8 22(2)
WFS (ipm) . .
Travel Speed (ipm) 42 13.9 T?%Tgesﬁgﬁn?r:h( (53') 70,000 83,000 86,000
Stick Out 3/4” 3/4” ngtn \p 58,000 73,000 82,000
# of passes 8 17 Elongation (%) 22 26 25
# of?ayers 4 7 Average Charpy V-notch
Preheat Temp. oF | 300+/-25 RT Impact Prf;’gr};fs felbs @ 40 144 111
Interpass Temp. °F 500+/-30 200+/-25
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # 2601232203162 AWS D1.8 High Heat Input Low Heat Input
82.5 kJ/in 31.0 kJ/in Mechanical Properties Requirements 82.5 kJ/in 31.0 kJ/in
Test Reference # PD2034 PD2033
Voltage 28 27
Current (amps) 275 279
WFS (ipm) 235 240 ) .
Travel Speed (ipm) 4.0 15 Tﬁ;ﬁgesfrt;ﬁnfgh( (23') 70,000 72,600 83,100
Stick Out 3/4” 3/4” ngmh o 58,000 63,400 76,200
# of passes 7 21 Elongation (%) 22 31 25
# ofﬁayers 4 8 Average Charpy V-notch
Preheat Temp. °F | 300+/-25 RT Impact Prof%t'f,f ftelbs @ 40 197 134
Interpass Temp. °F 500+/-50 200+/-25
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # F04119 AWS D1.8 High Heat Input Low Heat Input
79.7 kJlin 31.2 kJ/in Mechanical Properties Requirements 79.7 kJlin 31.2 kJ/in
Voltage 24 27 Test Reference # PE4413 PE4416
Current (amps) 220 290
WFS (ipm) 170 245 . .
Travel Speed (ipm) 4.02 14.8 T%’;T('jesfr:ﬁ“?;h( (23') 70,000 71,400 82,700
Stick Out 5/8" 3/4 ngth b 58,000 62,700 77,000
# of passes 7 17 Elongation (%) 22 31 25
# of?ayers 4 7 Average Charpy V-notch
Preheat Temp. °F | 300+/-25 RT Impact P“’F?’erf,'lfs ftelbs @ 40 116 115
Interpass Temp. °F 500+/-50 200+/-25 +70
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received C€600301902292 HB6002 6.7 (ml/100g)
7 Day Exposure €600301902292 HB6100 7.9 (ml/100g)

The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied
product are those obtained during the welding process and tested in accordance with the above specification with
electrodes of the same manufacturing processes and material requirements. All tests for the above classification
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Spec




Product: FabCO Exce
Diameter: 1/16”
Shielding Gas:

ETALS

I-Arc 71

M21-ArC-25

Current/Polarity: DCEP

Classification:

Test Completed: 9/27/20

22

City of Puyallup

ISSUED PERMIT

Development & Permitting Services

Building lanning
Engineering Public Works
Fire Traffic

E71T-1M H8, E71T-9M H8
Specification: AWS A5.20/A5.20M:2005

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named is of the same classification, manufacturing process, and material
requirements as the material, which was used for the test which was concluded on the date shown, the results
of which are shown below. All test required by the code or specifications were performed at that time and
the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other

specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # C604351904291

AWS D1.8

High Heat Input

Low Heat Input

78.8 kd/in 31.0 kJ/in Mechanical Properties Requirements 78.8 kdfin 31.0 kd/in
Voltage 24 255 Test Reference # PD7581 PD7733
Current (amps) 230 282
WFS (ipm) 170 240
Travel Speed (ipm) 4.2 13.9 Tensile Strength (psi) 70,000 83,000 90,000
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 73,000 82,000
# of passes 8 17 Elongation (%) 22 26 24
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 144 126
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Test Settings High Heat Input Low Heat Input Lot- # 7601232203162 AWS D18 High Heat Input Low Heat Input

79.2 kJ/in 31.0kJ/in Mechanical Properties Requirements 79.2 kJ/in 31.0kJ/in
Voltage 24 25.5 Test Reference # PD1878 PD1876
Current (amps) 220 282
WFS (ipm) 170 230
Travel Speed (ipm) 4.0 13.9 Tensile Strength (psi) 70,000 84,000 94,000
Stick Out 3/4 3/4 Yield Strength (psi) 58,000 72,000 84,000
# of passes 8 19 Elongation (%) 22 30 24
# of layers 4 8 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 128 126
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G

Test Settings

High Heat Input

Low Heat Input

Lot- # FO4119

AWS D1.8

High Heat Input

Low Heat Input

79.4 kd/in 30.6 kJfin Mechanical Properties Requirements 79.4 kdfin 30.6 kd/in
Voltage 24.5 25.6 Test Reference # PE4417 PE4418
Current (amps) 225 289
WFS (ipm) 170 245
Travel Speed (ipm) 4.03 14.3 Tensile Strength (psi) 70,000 78,100 89,000
Stick Out 3/4¢ 3/4¢ Yield Strength (psi) 58,000 66,900 84,100
# of passes 8 17 Elongation (%) 22 30 25
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 122 134
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 3G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received F04119 HB6003 7.0 (ml/1009)
7 Day Exposure F04119 HB6025 10.3 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied y
product are those obtained during the welding process and tested in accordance with the above specification with / P
electrodes of the same manufacturing processes and material requirements. All tests for the above classification fk,_,..é/' s

were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




M

HOBAIT

FILLER METALS

\ 4

FabCO® TR-70

AWS A5.20: E70T-1C H8, E70T-9C H8

WELDING POSITIONS:

LOE

Provides cleaner work environment, enhances welder appeal
Increases productivity, more parts per hour

Assists in producing high-quality welds

Reduces clean-up time, excellent for deep groove applications
Assists in compensating for gaps and producing welds

of uniform appearance and quality

Minimizes risk of cracking in restrained joints, thick sections,
and critical applications

Promotes versatility

FEATURES:

Low fume generation rate

High deposition rates

Flat bead profile with fillet welds

Easy slag removal

Smooth stable arc, tolerant to changes in

stick-out

* Weld deposit with low diffusible hydrogen and -«
good impact toughness

» Very flexible amperage/voltage range .

APPLICATIONS:
» Earthmoving equipment
» Steel structures

» Storage vessels
» Rail cars

* Non-alloyed and fine grain steels
» Heavy fabrication

SLAG SYSTEM: Slow freezing, rutile-type, flux-cored wire

SHIELDING GAS: 100% Carbon Dioxide (COy), 35-50 cfh (17-24 I/min)

TYPE OF CURRENT: Direct Current Electrode Positive (DCEP)

STANDARD DIAMETERS: 0.045” (1.2 mm), 1/16” (1.6 mm), 5/64” (2.0 mm), 3/32” (2.4 mm)
RE-DRYING: Not recommended

STORAGE: Product should be stored in a dry, enclosed environment, and in its original intact packaging
TypPicAL WELD METAL CHEMISTRY* (Chem Pad):

Weld Metal Analysis 100% CO, AWS Spec iy e
Carbon (C) 0.02 0.12 Developnllgnst SE I:P)egréigi’\nngl TServices
Manganese (Mn) 1.62 1.75 Building

Silicon (S|) 0.57 0.90 Engineering || Public Works
Sulphur (S) 0.006 0.03 FireXO Traffic
Phosphorus (P) 0.013 0.03

Note: AWS specification single values are maximums.
TypPicAL DIFFUSIBLE HYDROGEN*:

Hydrogen Equipment 100% CO

6.3ml/100g

AWS Spec
8.0ml/100g Maximum

(GAs CHROMATOGRAPHY)

TypPicAL MECHANICAL PROPERTIES* [Aged 48 Hrs. @ 200°F (93°C)]:

100% CO;,
84,000 psi (579 MPa)
77,000 psi (531 MPa)

28%

AWS Spec
70,000-95,000 (490-670 MPa)
58,000 psi (390 MPa) Minimum

22% Minimum

Mechanical Tests

Tensile Strength
Yield Strength
Elongation % in 2” (50 mm)

TyPICAL CHARPY V-NOTCH IMPACT VALUES* (As Welded):

CVN Temperatures

100% CO;

AWS Spec

Avg. at 0°F (-20°C)

55 ftelbs (75 Joules)

20 ftelbs (27 Joules) Minimum

Avg. at -20°F (-30°C)

44 ftelbs (60 Joules)

20 ftelbs (27 Joules) Minimum

*The information contained or otherwise referenced herein is presented only as “typical” without guarantee or warranty, and Hobart Brothers LLC
expressly disclaims any liability incurred from any reliance thereon. Typical data are those obtained when welded and tested in accordance with the
AWS A5.20 specification. Other tests and procedures may produce different results. No data is to be construed as a recommendation for any welding
condition or technique not controlled by Hobart Brothers LLC.

Hobart Brothers LLC = 101 Trade Square East = Troy, OH 45373
PH: (800) 424-1543 - FX: 800-541-6607 - www.hobartbrothers.com



FabCO® TR-70

Wire-Feed Deposition Contact Tip to

Diameter Weld Speed Rate Work Distance
Inches (mm) Position Amps Volts |in/min  (m/min) | Ibs/hr  (kg/hr) Inches (mm)
0.045 (1.2) | Flat & Horizontal 150 25 245 (6.2) 5.3 (2.4) 3/4 (19)
0.045 (1.2) | Flat & Horizontal 200 26 365 (9.3) 7.7 (3.5) 3/4 (19)
0.045 (1.2) | Flat & Horizontal 250 26 540 (13.7) 10.9 (4.9) 3/4 (19)
0.045 (1.2) | Flat & Horizontal 280 27 635 (16.1) 13.7 (6.2) 3/4 (19)
116 (1.6) Flat & Horizontal 170 25 140 (3.6) 5.3 (2.4) 1 (25)
116 (1.6) Flat & Horizontal 200 26 170 (4.3) 6.4 (2.9) 1 (25)
116 (1.6) Flat & Horizontal 260 27 210 (5.3) 7.8 (3.5) 1 (25)
1/16 (1.6) Flat & Horizontal 350 32 345 (8.8) 12.9 (5.9) 1 (25)
5/64 (2.0) Flat & Horizontal 250 26 110 (2.8) 6.5 (3.0) 1 (25)
5/64 (2.0) Flat & Horizontal 300 26 140 (3.6) 8.3 (3.8) 1 (25)
5/64 (2.0) Flat & Horizontal 350 27 170 (4.3) 10.0 (4.6) 1 (25)
5/64 (2.0) Flat & Horizontal 420 27 225 (5.7) 13.5 (6.1) 1 (25)
5/64 (2.0) Flat & Horizontal 550 32 345 (8.8) 20.8 (9.4) 1 (25)
3/32 (2.4) Flat & Horizontal 350 27 125 (3.2) 10.4 4.7) 1 (25)
3/32 (2.4) Flat & Horizontal 450 30 174 (4.4) 15.3 (6.9) 1 (25)
3/32 (2.4) Flat & Horizontal 550 32 245 (6.2) 20.2 (9.2) 1 (25)

» Maintaining a proper welding procedure - including pre-heat and interpass temperatures - may be critical
depending on the type and thickness of steel being welded.

STANDARD DIAMETERS AND PACKAGES: For a complete list of diameters and packaging, please contact Hobart
Brothers at (800) 424-1543 or (937) 332-5188 for International Customer Service.

Diameter

Inches (mm)

33-lb. (15kg)
Spool

60-Ib. (27.2kg)
Coil

600-Ib. (272.2kg)
Drum / X-Pak

800-Ib. (363kg)
Flat Reel

Net Pallet Weight

2376-Ib. (1078kg)

1920-Ib. (871kg)

2400-Ib. (1089kg)

1600-Ib. (726kg)

0.045 1.2)

$247012-029

S$247019-029

S$247019-002

S$247019-056

(
1/16 (1.6)
5/64 (2.0)

$247025-002

$247025-008

3/32 (2.4)

$247029-002

$247029-008

S$247029-069

CONFORMANCES AND APPROVALS:

« AWS A5.20, E70T-1C H8, E70T-9C H8

« AWS A5.20M, E490T-1C H8, E490T-9C H8
« ASME SFA 5.20, E70T-1C H8, E70T-9C H8
« ABS, 100% CO,, E70T-1CJ
- CWB, E490T1-C1A3-CS1-H8 (E492T-9-H8)
« AWS D1.8 Conformance: 100% CO; [1.6 mm, 2.0 mm & 2.4 mm diameter electrodes]

City of Puyallup

Development & Permitting Services

ISSUED PERMIT

Building ning
Engineering Public Works
Fire Traffic

TECHNICAL QUESTIONS? For technical support of Hobart Filler Metals products, contact the Applications Engineering department by phone toll-free at
1-800-532-2618 or by e-mail at Applications.Engineering@hobartbrothers.com

CAUTION:

Consumers should be thoroughly familiar with the safety precautions on the warning label posted in each shipment and in the American National Standard
Z49.1, “Safety in Welding and Cutting,” published by the American Welding Society, 8669 NW 36th St., Miami, FL 33166 (can also be downloaded online at
www.aws.org); OSHA Safety and Health Standards 29 CFR 1910 is available from the U.S. Department of Labor, Washington, D.C. 20210

Safety Data Sheets on any Hobart Brothers LLC product may be obtained from Hobart Customer Service or at www.hobartbrothers.com.
Because Hobart Brothers LLC is constantly improving products, Hobart reserves the right to change design and/or n

specifications without notice. m
v FILLER METALS

Hobart and FabCO are registered trademarks of Hobart Brothers LLC, Troy, Ohio.

Revision Date: 220718 (Replaces 210923)
636-X, INDEX
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FILLER METALS

Certificate of Conformance

to Requirements for Welding Electrode

Product Type:
Classification:
Specifications:
Diameter Tested:
Date Tested:
Date Generated:

FabCO TR-70
E70T-1C H8, E70T-9C H8
AWS A5.20/A5.20M; ASME SFA 5.20
045"; 3/32"
6/29/2023
7/5/2023

This is to certify that the product named above and supplied on the referenced order number is of the same classification, manufacturing process, and material requirements as the
material which was used for the test that was concluded on the date shown, the results of which are shown below. All tests required by the specifications shown for classification were
performed at that time and the material tested met all requirements. It was manufactured and supplied by the Quality System Program of Hobart Brothers, which meets the requirements
of ISO 9001, ANSI/AWS A5.01, and other specification and Military requirements, as applicable. This document supplies actual test results of non-specific inspection in conformance
with the requirements of EN 10204, type 2.2 certification.

THE STEEL USED IN THIS LOT OF MATERIAL WAS MELTED AND MANUFACTURED IN THE U.S.A.

Test Settings
Shielding Medium Amps / Polarity Volts . ,WFS . ESO in(mm) Preheat F(C) Interpass F(C) .Tra\'/el Spee.d
in/min(m/min) in/min(cm/min)
c1 260-290 / DCEP 29 540 (13.7) 5/8 (16) Room Temp 300(149) 13.7 (34.8)
c1 425 | DCEP 28 155 (3.9) 1(25) Room Temp 300(149) 14 (35.6)
Mechanical Properties - Tensile
Shielding Medium Ref. No. Testing Conditions Ult. Tensile Strength psi (MPa) Yield Strength psi (MPa) Elong.% in 2"
c1 PE6222 Aged 48 Hrs 220F 84,000 (583) 80,000 ( 555 ) 27
Cc1 PE6292 Aged 48 Hrs 220F 89,000 (612) 80,000 (549) 25
Mechanical Properties - Impact
Shielding Medium Ref. No. Testing Conditions Temp. F (C) Individuals ft.Ib.(J) Avg. ft.Ib.(J) Type
Cc1 PE6222 As Welded -20 (-29) 54,36,49 (73,49,66) 46 (63) Charpy-V-Notch
c1 PE6222 As Welded 0(-18) 63,60,38 (85,81,52) 54 (73) Charpy-V-Notch
C1 PE6292 As Welded 0(-18) 36,41,40 (49,56,54) 39(53) Charpy-V-Notch
Cc1 PE6292 As Welded -20 (-29) 28,29,27 (38,39,37) 28 (38) Charpy-V-Notch
[ Ref.No. ﬁadiographic Inspection Fillet Weld Test
PE6222 Conforms Horizontal | Conforms Overhead | Vertical :
PE6354 Conforms Horizontal : Conforms Overhead : Vertical :
Chemical Analysis
Shielding Medium / Ref. No C Mn P S Si Cu | Cr \% Ni Mo |Al|Ti|{Nb|Co B W|Sn|Fe|Sb|N|Mg|Zn|Be|Sb|As
C1 / PE6222 0.021.75 0.007 | 0.007 | 0.68 | 0.02 | 0.03 | 0.01 | 0.01 | < .01 0.0057
C1 / PE6292 0.02|1.63 | 0.009 | 0.008 | 0.64 | 0.04 | 0.04 | 0.01 | 0.02 | 0.01 0.0055

Diffusible Hydrogen Collected per AWS A4.3

C1

5.8 mI/100g of weld metal for 3/32 in diameter 36% relative humidity

C1

4.9 ml/100g of weld metal for .045 in diameter 42% relative humidity

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building
Engineering Public Works
Fire Traffic

/én-w //W//

James A. Owens, Q.A. Specialist

Certification and Limited Warranty - Data for the above supplied product are those obtained when welded and tested in accordance with the above specification. All tests for the above
classification were satisfied. Other tests and procedures may produce different results.




VFILLER METALS

Product:

Diameter: 1/16”

FabCO TR-70

Shielding Gas: C1 (100% CO2)
Current/Polarity: DCEP

Classification:

E70T-1C H8, E70T-9C H8
Specification: AWS A5.20/A5.20M:2005

Test Completed: 10/24/2022

City of Puyallup

Development & Permitting Services
ISSUED PERMIT

Certificate of Conformance

Building lanning - -
For AWS D1.8/D1.8M, Seismic Supplement
Engineering Public Works
Fire Traffic This is to certify that the product named is of the same classification, manufacturing process, and material
requirements as the material, which was used for the test which was concluded on the date shown, the results

of which are shown below. All test required by the code or specifications were performed at that time and
the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other

specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # C000251805321

AWS D1.8

High Heat Input

Low Heat Input

73.0 kd/in 28.7 kJ/in Mechanical Properties Requirements 73.0 kd/in 28.7 kd/in
Voltage 28 26 Test Reference # PD8116 PD8115
Current (amps) 300 230
WFS (ipm) 285 190
Travel Speed (ipm) 6.9 12.5 Tensile Strength (psi) 70,000 77,700 84,100
Stick Out 3/4” 3/4” Yield Strength (psi) 58,000 67,200 77,300
# of passes 8 19 Elongation (%) 22 26 26
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 111 69
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # 2025131224322 AWS D18 High Heat Input Low Heat Input

73.7 kJ/in 29.0 kJ/in Mechanical Properties Requirements 73.7 kdlin 29.0 kJ/in
Voltage 28 26 Test Reference # PD2350 PD2349
Current (amps) 285 232
WFS (ipm) 285 185
Travel Speed (ipm) 6.5 12,5 Tensile Strength (psi) 70,000 82,100 88,200
Stick Out 1 1 Yield Strength (psi) 58,000 69,600 80,800
# of passes 8 19 Elongation (%) 22 29 25
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 93 82
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # G0O0030 AWS DL8 High Heat Input Low Heat Input
75.5 kd/in 28.5 kJfin Mechanical Properties Requirements 75.5 kd/in 28.5 kJ/in
Voltage 28 26 Test Reference # PE4663 PE4664
Current (amps) 285 232
WFS (ipm) 285 185
Travel Speed (ipm) 6.5 12,5 Tensile Strength (psi) 70,000 76,100 86,200
Stick Out 3/4¢ 3/4* Yield Strength (psi) 58,000 65,200 80,600
# of passes 8 19 Elongation (%) 22 32 27
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 114 50
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received G00030 HB6157 7.0 (ml/100g)
7 Day Exposure G00030 HB6203 9.1 (ml/100g)

The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied
product are those obtained during the welding process and tested in accordance with the above specification with
electrodes of the same manufacturing processes and material requirements. All tests for the above classification
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




VFILLER METALS

FabCO TR-70
5/64”

Product:
Diameter:

Shielding Gas: C1 (100% CO2)

Current/Polarity: DCEP
Classification:

Test Completed: 10/21/2022

E70T-1C H8, E70T-9C H8
Specification: AWS A5.20/A5.20M:2005

ISSUED
Building

City of Puyallup
Development & Permitting Services

PERMIT

“Elyning

Engineering

Public Works

Fire

Traffic

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

This is to certify that the product named is of the same classification, manufacturing process, and material
requirements as the material, which was used for the test which was concluded on the date shown, the results
of which are shown below. All test required by the code or specifications were performed at that time and
the material tested met all requirements. The product was manufactured and supplied by the Quality System
Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other
specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # B024530813303

High Heat Input

Low Heat Input

AWS D1.8
80.7 kd/in 31.6 kJ/in Mechanical Properties Requirements 80.7 kd/in 31.6 kd/in
Voltage 30.5 26 Test Reference # PD8119 PD8121
Current (amps) 450 290
WFS (ipm) 280 150
Travel Speed (ipm) 10.2 14.3 Tensile Strength (psi) 70,000 89,300 86,800
Stick Out i 1 Yield Strength (psi) 58,000 77,600 776200
# of passes 7 17 Elongation (%) 22 25 27
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 57 75
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # 2028041021391 AWS D18 High Heat Input Low Heat Input

84.3 kd/in 31.0kJ/in Mechanical Properties Requirements 84.3 kJ/in 31.0 kJ/in
Voltage 305 26 Test Reference # PD2419 PD2417
Current (amps) 447 290
WFS (ipm) 296 157
Travel Speed (ipm) 9.7 14.6 Tensile Strength (psi) 70,000 87,700 95,400
Stick Out 3/4” 1 Yield Strength (psi) 58,000 73,400 87,200
# of passes 7 17 Elongation (%) 22 27 25
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 43 73
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # G00114 AWS DL8 High Heat Input Low Heat Input
80.0 kd/in 32.9 kJfin Mechanical Properties Requirements 80.0 kJ/in 32.9 kJ/in
Voltage 30.5 26 Test Reference # PE4810 PE4811
Current (amps) 447 301
WFS (ipm) 296 157
Travel Speed (ipm) 9.7 14.3 Tensile Strength (psi) 70,000 84,000 85,500
Stick Out 1 1 Yield Strength (psi) 58,000 70,800 80,300
# of passes 8 18 Elongation (%) 22 25 26
# of layers 4 8 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 57 70
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received G00114 HB6159 6.4 (ml/1009)
7 Day Exposure G00114 HB6204 8.6 (ml/100g)

The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied
product are those obtained during the welding process and tested in accordance with the above specification with
electrodes of the same manufacturing processes and material requirements. All tests for the above classification
were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




VFILLER METALS

Product: FabCO TR-70
Diameter: 3/32”
Shielding Gas: C1 (100% CQO2)

Current/Polarity: DCEP
Classification:

Test Completed: 10/21/2022

E70T-1C H8, E70T-9C H8
Specification: AWS A5.20/A5.20M:2005

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Certificate of Conformance
For AWS D1.8/D1.8M, Seismic Supplement

Buildipd Iggnine This is to certify that the product named is of the same classification, manufacturing process, and material
Engineering Public Works requirements as the material, which was used for the test which was concluded on the date shown, the results
of which are shown below. All test required by the code or specifications were performed at that time and

Fire Traffic the material tested met all requirements. The product was manufactured and supplied by the Quality System

Program of Hobart Brothers, which meets the requirements of ISO 9001:2015, ANSI/AWS A5.01, and other
specification and Military requirements, as applicable.

Test Settings

High Heat Input

Low Heat Input

Lot- # C003051514302

High Heat Input

Low Heat Input

AWS D1.8
80.0 kd/in 30.9 kJ/in Mechanical Properties Requirements 80.0 kJ/in 30.9 kJ/in
Voltage 32 26 Test Reference # PD8169 PD8170
Current (amps) 450 300
WFS (ipm) 180 108
Travel Speed (ipm) 10.8 15.1 Tensile Strength (psi) 70,000 78,800 87,200
Stick Out r 1 Yield Strength (psi) 58,000 65,500 79,600
# of passes 8 17 Elongation (%) 22 30 25
# of layers 5 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 76 61
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # 2003331507301 AWS D18 High Heat Input Low Heat Input

80.3 kJ/in 30.3 kJ/in Mechanical Properties Requirements 80.3 kJ/in 30.3 kJ/in
Voltage 32 26 Test Reference # PD2352 PD2348
Current (amps) 435 299
WFS (ipm) 180 108
Travel Speed (ipm) 10.4 15.4 Tensile Strength (psi) 70,000 81,800 90,600
Stick Out v r Yield Strength (psi) 58,000 68,300 85,200
# of passes 7 17 Elongation (%) 22 29 27
# of layers 4 8 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftslbs @ 40 54 90
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Test Settings High Heat Input Low Heat Input Lot- # F027330928 AWS DL8 High Heat Input Low Heat Input
80.3 kd/in 31.6 kdfin Mechanical Properties Requirements 80.3 kd/in 31.6 kd/in
Voltage 31 26 Test Reference # PE4902 PE4825
Current (amps) 450 300
WFS (ipm) 180 100
Travel Speed (ipm) 10.4 14.8 Tensile Strength (psi) 70,000 80,800 84,600
Stick Out 1" 1 Yield Strength (psi) 58,000 66,900 78,000
# of passes 7 17 Elongation (%) 22 27 27
# of layers 4 7 Average Charpy V-notch
Preheat Temp. °F 300+/-25 RT Impact Properties ftelbs @ 40 63 75
Interpass Temp. °F 500+/-50 200+/-25 +70 °F
Weld Position 1G 1G
Diffusible Hydrogen - Tested in accordance with AWS A5.20/A5.20M, Clause 16
& Extended Exposure - in accordance with AWS D1.8/D1.8M
Condition Lot - # Test Reference # Average (ml/100g)
As Received F027330928 HB5397 7.7 (ml/1009)
7 Day Exposure F027330928 HB6197 10.0 (ml/100g)
The information contained or otherwise referenced herein is presented without guarantee or warranty. Hobart
Brothers LLC expressly disclaims any liability incurred from any reliance thereon. Data for the above-supplied ¥
product are those obtained during the welding process and tested in accordance with the above specification with y e
electrodes of the same manufacturing processes and material requirements. All tests for the above classification fk,__.é/

were performed satisfactorily. No data is to be construed as a recommendation for any welding condition or
technique not controlled by Hobart Brothers. Refer to the Hobart Brothers website at www.hobartbrothers.com

for current Safety Data Sheets ("SDS").

James Owens, Quality Assurance Specialist




AI rgas Quality Management Systems
- Confidential - For Customer Use Only

an Air Liquide company

Certificate of Conformance

Effective Date: January 1, 2023 - December 31, 2025

The product identified below satisfies the specifications listed which meets and exceeds the specifications for
Argon.

The information presented on the Certificate of Conformance is based on evaluation of process capabilities
and plant periodic data on product delivered by
Airgas USA, LLC.

Liquid Argon
Test Requirement Specification
Assay* 2 99.998%
Oxygen < 5.0 ppm
Nitrogen <15.0 ppm

Produced by Air Liquefaction process and in compliance with cGMP requirements.

This Certificate of Conformance (COC) does not add to or replace the warranty, limitations of liability or other
provisions of the agreement between the parties.

* Assay results are reported to five significant digits by difference of tested impurities.

Approved By:

Mark Jorgensen
Airgas USA, LLC
Sr. Director of Quality & Food Safety

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

‘ Engineering Public Works
Fir‘o\G\O}ﬁ Traffic

12/1/2022
Rev 1



AI rgas Quality Management Systems
- Confidential - For Customer Use Only

an Air Liquide company

Certificate of Conformance

Effective Date: January 1, 2023 - December 31, 2025

The liquid carbon dioxide produced at our plants meet and/or exceeds the specification limits set by the
Compressed Gas Association G-6.2-2011, Quality Verification Level G [General Commercial Uses).

Liquid Carbon Dioxide

Test Requirement Specification
Carbon Dioxide (Assay) 99.00 % Min
Acetaldehyde 0.50 ppm
Total Sulfur 0.50 ppm
Oxygen 50.0 ppm
Moisture (Water) 32.0 ppm (-61°F Dewpoint)

Total Hydrocarbon Content (as methane) | 50.0 ppm

Non Volatile Residues (wt/wt) 10.0 ppm

Odor/Taste No foreign odor/taste

Specification limit in ppm (viv) maximum allowable unless otherwise stated. N/A: Not Applicable.

Approved By:

Mark Jorgensen
Airgas USA, LLC
Sr. Director of Quality & Food Safety

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

‘ Engineering Public Works
Fir‘o\G\O}ﬁ Traffic

12/1/2022
Rev 1



AI rgas Quality Management Systems
- Confidential - For Customer Use Only

an Air Liquide company

Certificate of Conformance

Effective Date: January 1, 2023 - December 31, 2025

The product identified below satisfies the specifications listed which meets and exceeds the specifications for
Argon.

The information presented on the Certificate of Conformance is based on evaluation of process capabilities
and plant periodic data on product delivered by
Airgas USA, LLC.

Liquid Argon
Test Requirement Specification
Assay* 2 99.998%
Oxygen < 5.0 ppm
Nitrogen <15.0 ppm

Produced by Air Liquefaction process and in compliance with cGMP requirements.

This Certificate of Conformance (COC) does not add to or replace the warranty, limitations of liability or other
provisions of the agreement between the parties.

* Assay results are reported to five significant digits by difference of tested impurities.

Approved By:

Mark Jorgensen
Airgas USA, LLC
Sr. Director of Quality & Food Safety

City of Puyallup
Development & Permitting Services
ISSUED PERMIT
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AI rgas Quality Management Systems
- Confidential - For Customer Use Only

an Air Liquide company

Certificate of Conformance

Effective Date: January 1, 2023 - December 31, 2025

The liquid carbon dioxide produced at our plants meet and/or exceeds the specification limits set by the
Compressed Gas Association G-6.2-2011, Quality Verification Level G [General Commercial Uses).

Liquid Carbon Dioxide

Test Requirement Specification
Carbon Dioxide (Assay) 99.00 % Min
Acetaldehyde 0.50 ppm
Total Sulfur 0.50 ppm
Oxygen 50.0 ppm
Moisture (Water) 32.0 ppm (-61°F Dewpoint)

Total Hydrocarbon Content (as methane) | 50.0 ppm

Non Volatile Residues (wt/wt) 10.0 ppm

Odor/Taste No foreign odor/taste

Specification limit in ppm (viv) maximum allowable unless otherwise stated. N/A: Not Applicable.

Approved By:

Mark Jorgensen
Airgas USA, LLC
Sr. Director of Quality & Food Safety

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

‘ Engineering Public Works
Fir‘o\G\O}ﬁ Traffic

12/1/2022
Rev 1



¢ /7COREBRACE

SUPERIOR SEISMIC PERFORMANCE

669 West Quinn Road, Building #28, Pocatello, ID 83201
DATE: 6/11/2025

Puyallup PSB
Metals Fabrication Company

CoreBrace Job#: 6910

Subject: Certificate of Compliance - Weld Consumables

This letter is to certify that all welding consumables supplied by CoreBrace for use on the referenced
project, were and will be purchased, maintained, and used in strict accordance with the applicable contract
documents, specifications, codes (AISC, ASTM and AWS), approved plans, and the Material
Manufactures recommendations. The Manufacturers data sheets, certifications and product information
sheets have been reviewed and those variables, requirements and instructions have been included within
the CB Welding Procedure Specifications (WPS) within the appropriate tolerances allowed by code. Each
WPS is written to comply with the AWS D1.1 and D1.8 requirements for seismic use and is prequalified
for Demand Critical welds of the SFRS.

Each WPS indicates the approved ranges and code application of the specific wire listed therein. Each
WPS provides for the additional requirements found in the AISC and AWS Seismic provisions for Heat
Input for the given consumable specified therein.

CoreBrace certifies the above is true and all records pertaining to the above are on file at CoreBrace and
are available for review upon request.

If you have any questions, please call.

Sincerely,

& Roger R. Davis
CWI1 224011831
QC1 EXP. 1/1/2027

Popee R degrm—

Roger R Davis bevelop R Pematiosenioes

CoreBrace QA Manager Builldsi:gUED %ﬂ?

2083395905 Engineering || Public Works
Fire Traffic




PRODUCT DATA SHEET January 25, 2024 (Revision of August 11, 2022)

FAST DRY 4190

DESCRIPTION

One-component, quick dry universal primer

PRINCIPAL CHARACTERISTICS

* l|deal for structural steel, tank exteriors, and equipment City of Puyallup
. . Development & Permitting Services
e Fast drying properties ISSUED PERMIT

. . . . iy Buildi
 Corrosion resistant in normal atmospheric conditions 1"

e |nterior or Exterior Usage

e Easy application

e Contains no reportable organic HAPS

¢ May be topcoated on ferrous metal with epoxy and polyurethane coatings as well as conventional alkyds and latex
products

Engineering Public Works

Fik% Traffic

COLOR AND GLOSS LEVEL Per Photo above:
* Gray, White, Red Grey Color- Used to coat entire BRB
* Flat Red Color- Used for stencil on select braces
BASIC DATA AT 68°F (20°C)
Number of components One
Volume solids 56 + 2%
VOC (Supplied) max. 2.8 Ib/US gal (approx. 338 g/l)
Recommended dry film thickness 2.0 - 3.0 mils (50 - 75 um) depending on system
Theoretical spreading rate 449 t*/US gal for 2.0 mils (11.2 m%/I for 50 um)
Shelf life At least 36 months when stored cool and dry
Notes:

- See ADDITIONAL DATA - Overcoating intervals
- See ADDITIONAL DATA - Curing time

RECOMMENDED SUBSTRATE CONDITIONS AND TEMPERATURES

e Coating performance is, in general, proportional to the degree of surface preparation

Steel

* Remove all rust, dirt, moisture, grease or other contaminants from the surface

¢ Abrasive blast cleaning to SSPC SP-6 standards will give optimum performance

¢ Where abrasive blasting is not practical, power tool cleaning in accordance with SSPC SP-3 or hand tool cleaning to
SSPC SP-2 requirements is acceptable

Ref. P608 Page 1/5



PRODUCT DATA SHEET January 25, 2024 (Revision of August 11, 2022)

FAST DRY 4190

Previously painted surfaces

e Wash to remove contaminants

¢ Rinse thoroughly with water and allow to dry

e Sanidng is not required if the surface is properly and thoroughly cleaned (scuff sanding is required only on glossy, hard,
slick, or dense surfaces which are subject to high levels of moisture)

¢ Remove loose paint

e Scrub heavily chalked exterior areas and overhead areas such as eaves with soap and water

e All existing mildew must be removed by washing with a solution of 16 o0z (473 mil) liquid househould bleach and 2 oz (59
ml) non-ammoniated liquid detergent per gallon (3.785 L) of water. Rinse surfaces clean with water and allow to dry for 24
hours

e Spot prime bare areas with this product

Substrate temperature and application conditions
e Surface temperature during application should be between 50°F (10°C) and 120°F (49°C)

e Surface temperature during application should be at least 5°F (3°C) above dew point
¢ Ambient temperature during application and curing should be between 45°F (7°C) and 100°F (38°C)
¢ Relative humidity during application should be above 0% and below 85%

Warning

Removal of old paint by sanding, scraping or other means may generate dust or fumes which contain lead. EXPOSURE TO
LEAD DUST OR FUMES MAY CAUSE ADVERSE HEALTH EFFECTS, ESPECIALLY IN CHILDREN OR PREGNANT WOMEN.
Controlling exposure to lead or other hazardous substances requires the use of proper protective equipment, such as a
properly fitted and approved (e.g., NIOSHapproved) respirator and proper containment and cleanup. For additional information,
contact the USEPA/Lead Information Hotline at 1-800-424-LEAD or the regional Health Canada office

SYSTEM SPECIFICATION

¢ Primers: Direct to metal
¢ Topcoats: Conventional alkyd or latex, epoxy, and urethane coatings

INSTRUCTIONS FOR USE

¢ |nspect the top surface and remove any “skins” that may have formed on top
e Agitate with a power mixer for 1- 2 minutes until completely dispersed. Ensure good off-bottom mixing

Application

¢ Area should be sheltered from airborne particulates and pollutants
e Ensure good ventilation during application and curing

¢ Provide shelter to prevent wind from affecting spray patterns

Material temperature
Material temperature during application should be between 50°F (10°C) and 90°F (32°C)

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fie  |[ Trafic
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PRODUCT DATA SHEET January 25, 2024 (Revision of August 11, 2022)

FAST DRY 4190

Air spray
e Separate air and fluid pressure regulators and a moisture and oil trap in the main air supply line are recommended.

Recommended thinner
No thinner should be added

Nozzle orifice
Approx. 0.070 in (1.8 mm)

Airless spray
e 30:1 pump or larger
¢ Adjust pump pressure as needed

Recommended thinner
No thinner should be added

Nozzle orifice
0.015 - 0.017 in (approx. 0.38 - 0.43 mm)

Brush/roller
¢ Use a high quality natural bristle brush and/or solvent resistant, 3/8" nap roller. Ensure brush/roller is well loaded to avoid
air entrainment. Multiple coats may be necessary to achieve adequate film-build

Recommended thinner
No thinner should be added

Cleaning solvent
Paint thinner (lacquer thinner or mineral spirits)

City of Puyallup
Development & Permitting Services
ISSUED PERMIT

Building

Engineering Public Works

Fik@ Traffic
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PRODUCT DATA SHEET January 25, 2024 (Revision of August 11, 2022)

FAST DRY 4190

ADDITIONAL DATA
Overcoating interval for DFT up to 2.0 mils (51 um)
Overcoating with... Interval 77°F (25°C)
itself Minimum 30 minutes
Maximum Extended City of Puyallup
Development & Permitting Services
alkyds Minimum 4 hours ISSUED PERMIT
[ paniw |
Maximum Extended —
Engineering Public Works
Latexes Minimum 16 hours Fi,}@ Traffic
Maximum Extended
Epoxies Minimum 20 minutes
Maximum Extended
polyurethanes Minimum 20 minutes
Maximum Extended
Notes:

- Overcoating times valid for a relative humidity of 50%
- Drying times may vary depending on temperature, humidity, and air movement

Curing time for DFT up to 2.0 mils (51 um)

Substrate temperature |Dry to touch Dry hard

77°F (25°C) 20 minutes Thour

Note: Curing times valid for a relative humidity of 50%

Product Qualifications
¢ Meets MPI category #173, Shop Coat, Quick Dry, for Interior Steel
e Meets MPI category #275, Primer, Quick Dry, for Shop Application to Interior Steel

DISCLAIMER

SAFETY PRECAUTIONS
¢ For paint and recommended thinners see INFORMATION SHEETS 1430, 1431 and relevant Material Safety Data Sheets

Danger
Rags, steel wool or waste ked with this p may ly catch fire if improperly discarded. Immediately after use, place rags, steel wool or waste in a sealed water-filled metal container. Refer to
WWW.pi i com, C ion Advisory for iti information

Ref. P608 Page 4/5
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FAST DRY 4190

WORLDWIDE AVAILABILITY

It is always the aim of PPG Protective and Marine Coatings to supply the same product on a worldwide basis. However, slight
modification of the product is sometimes necessary to comply with local or national rules/circumstances. Under these
circumstances an alternative product data sheet is used.

REFERENCES

e CONVERSION TABLES INFORMATION SHEET 1410

* EXPLANATION TO PRODUCT DATA SHEETS INFORMATION SHEET 1411

e SAFETY INDICATIONS INFORMATION SHEET 1430

e SAFETY IN CONFINED SPACES AND HEALTH SAFETY, EXPLOSION HAZARD - INFORMATION SHEET 1431
TOXIC HAZARD

WARRANTY

PPG warrants (i) its title to the product, (ii) that the quality of the product conforms to PPG’s specifications for such product in effect at the time of manufacture and (i) that the product shall be delivered free of the
rightful claim of any third person for infringement of any U.S. patent covering the product. THESE ARE THE ONLY WARRANTIES THAT PPG MAKES AND ALL OTHER EXPRESS OR IMPLIED WARRANTIES, UNDER
STATUTE OR ARISING OTHERWISE IN LAW, FROM A COURSE OF DEALING OR USAGE OF TRADE, INCLUDING WITHOUT LIMITATION, ANY OTHER WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR USE,
ARE DISCLAIMED BY PPG. Any claim under this warranty must be made by Buyer to PPG in writing within five (5) days of Buyer’s discovery of the claimed defect, but in no event later than the expiration of the

applicable shelf life of the product, or one year from the date of the delivery of the pi to the Buyer, whi is earlier. Buyer's failure to notify PPG of such non-conformance as required herein shall bar
Buyer from recovery under this warranty.

LIMITATIONS OF LIABILITY

IN NO EVENT WILL PPG BE LIABLE UNDER ANY THEORY OF RECOVERY (WHETHER BASED ON NEGLIGENCE OF ANY KIND, STRICT LIABILITY OR TORT) FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES IN ANY WAY RELATED TO, ARISING FROM, OR RESULTING FROM ANY USE MADE OF THE PRODUCT. The information in this sheet is intended for guidance only and is based upon

laboratory tests that PPG believes to be reliable. PPG may modify the information contained herein at any time as a result of practical i and p All or
suggestions relating to the use of the PPG p! Y in jon,orinr toa ific inquiry, or otherwise, are based on data, which to the best of PPG’s knowledge, is reliable. The
product and related information is designed for users having the requisite knowledge and industrial skills in the industry and it is the end ’s ibility to ine the suitability of the product for its own

particular use and it shall be deemed that Buyer has done so, as its sole discretion and risk. PPG has no control over either the quality or condition of the substrate, or the many factors affecting the use and

of the pi . Tl , PPG does not accept any liability arising from any loss, injury or damage resulting from such use or the contents of this information (unless there are written agreements

stating otherwise). Variations in the icati inpr of use, or ion of data may cause unsatisfactory results. This sheet supersedes all previous versions and it is the
Buyer’s responsibility to ensure that this information is current prior to using the product. Current sheets for all PPG P ive & Marine Coati P are intai at www. .com. The English text of

this sheet shall prevail over any translation thereof.

AVAILABILITY

Packaging
1-gallon and 5-gallon containers
53-gallon drum

Product codes Description
4190-1000 White
4190-6120 Gray
4190-7100 Red City of Puyallup
Development & Permitting Services
ISSUED PERMIT
Building
Engineering Public Works
Fird €OF Traffic
The PPG logo, and all other PPG marks are property of the PPG group of ies. All other third-party marks are property of their respective owners.
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