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Structural Design Criteria

Building Code: 2021 International Building Code

Building Department: City of Puyallup

Seismic Criteria

Ss: 1.26
S1: 0.43 Seismic Soil Site Class: D

Sds: 1.01 Seismic Design Category: D

Sd1: 0.50

Quantum Consulting Engineers LLC Project: Centeris Date: 9/3/24 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 1

Seattle, WA 98101 Client: Centeris Checked By:

Materials Criteria

Concrete (28 Day Strength):

Foundation/Slab on Grade F'c= 3,000 PSI

Walls and Columns F'c= 3,000 PSI

Reinforcing Steel:

Grade 60 Fy= 60,000 PSI

Structural Steel:

Wide-Flange Sections: A-992 Fy= 50,000 PSI

Miscellaneous Sections: A-36 Fy= 36,000 PSI

Tube Sections: A-500 Fy= 46,000 PSI

Pipe Sections: A-53 Fy= 35,000 PSI

Welding Fy= 70,000 PSI
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Quantum Consulting Engin...

Travis Michaud P.E. S.E. Dec 27, 2024 at 4:52 AM

Chiller Pipe Unistrut.r2d
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Quantum Consulting Engin...

Travis Michaud P.E. S.E. Dec 27, 2024 at 4:53 AM

Chiller Pipe Unistrut.r2d
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Quantum Consulting Engin...

Travis Michaud P.E. S.E. Dec 27, 2024 at 4:53 AM

Chiller Pipe Unistrut.r2d
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Loads: BLC 1, Dead                            



Quantum Consulting Engin...

Travis Michaud P.E. S.E. Dec 27, 2024 at 9:12 AM

Chiller Pipe Unistrut.r2d
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Loads: BLC 2, Seismic                         
Envelope Only Solution



Company : Quantum Consulting Engineers LLC Dec 27, 2024
9:13 AMDesigner : Travis Michaud P.E. S.E.

Job Number : Checked By:_____
Model Name :

Load Combinations

Description S...P...S... BLC Fa... BLC Fa... BLC Fa... BLC FactorBLCFa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...

1 ASCE Strength 1 Y... Y DL 1.4
2 ASCE Strength 6 Y... Y DL 1.4 EL 1
3 ASCE Strength 7 Y... Y DL 0.9 EL 1
4 ASCE Strength 6 w/ Omega Y DL 1.4 EL 2
5 ASCE Strength 7 w/ Omega Y DL 0.9 EL 2

RISA-2D Version 21.0.0.2      Page 1 [M:\...\...\Calculations\Server Cabinets\Chiller Pipe Unistrut.r2d] 



Quantum Consulting Engin...

Travis Michaud P.E. S.E. Dec 27, 2024 at 9:14 AM

Chiller Pipe Unistrut.r2d
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Envelope Only Solution
Member Axial Forces (k) (Enveloped)

MAX CABLE TENSION IS 700 LB. 1/4" CABLE IS OK. 
MAX ROD TENSION IS  700 LB. 1/2" ROD IS OK.
MAX ROD COMPRESSION IS 50 LBS, 
KL/r = 672
Fe = 0.63 KSI
Pu/Ω = 74 LB > 50 LB EULER BUCKLING OK.



Quantum Consulting Engin...

Travis Michaud P.E. S.E. Dec 27, 2024 at 9:18 AM

Chiller Pipe Unistrut.r2d
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Envelope Only Solution
Y-direction Reaction Units are k and k-ft (Enveloped)
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ENVELOPED REACTIONS IN OMEGA COMBINATION
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Hilti PROFIS Engineering 3.1.9

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
PROFIS Engineering ( c ) 2003-2024 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan 

1

Company:
Address:
Phone I Fax:
Design:
Fastening point:

Quantum Consulting Engineers
1511 Third Ave, Suite 323
2069573900 | 
Metal deck - Dec 27, 2024

Page:
Specifier:
E-Mail:
Date:

1
Travis Michaud

tmichaud@quantumce.com
12/27/2024

Specifier's comments: 

1 Input data

 Metal deck:  Verco W3 Formlok 3"

 Metal deck type:  W1

 Anchor installation:  In the lower flute of concrete-filled metal deck

 Anchor type and diameter:  KWIK HUS-EZ (KH-EZ) (Carbon Steel) 1/2 (4 1/4)

 Item number:  418075 KH-EZ 1/2"x4 1/2"

 Specification text:  Hilti Æ 1/2 in KWIK HUS-EZ (KH-EZ) (Carbon
 Steel) with 4.25 in nominal embedment depth
 per ICC-ES ESR-3027 , SAFEset - automatic
 cleaning installation per MPII

 Effective embedment depth:  hef,act = 3.220 in., hnom = 4.250 in.

 Material:  Carbon Steel

 Evaluation Service Report:  ESR-3027

 Issued I Valid:  12/1/2023 | 12/1/2025

 Proof:  Design Method ACI 318-19 / Mech in concrete over metal deck installation

 Stand-off installation:

 Profile:

 Base material:  cracked concrete, 3000, fc' = 3,000 psi; h = 3.500 in.

 Installation:  automatic cleaned drilled hole, Installation condition: Dry

 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))
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Hilti PROFIS Engineering 3.1.9

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
PROFIS Engineering ( c ) 2003-2024 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan 
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

Quantum Consulting Engineers
1511 Third Ave, Suite 323
2069573900 | 
Metal deck - Dec 27, 2024

Page:
Specifier:
E-Mail:
Date:

2
Travis Michaud

tmichaud@quantumce.com
12/27/2024

Geometry [in.] & Loading [lb, in.lb]
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Hilti PROFIS Engineering 3.1.9

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
PROFIS Engineering ( c ) 2003-2024 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan 
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

Quantum Consulting Engineers
1511 Third Ave, Suite 323
2069573900 | 
Metal deck - Dec 27, 2024

Page:
Specifier:
E-Mail:
Date:

3
Travis Michaud

tmichaud@quantumce.com
12/27/2024

1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 1,100; Vx = 0; Vy = 800;
Mx = 0; My = 0; Mz = 0;

yes 97

2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 1,100 800 0 800

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* N/A N/A N/A N/A

 Pullout Strength* 1,100 1,645 67 OK

 Concrete Breakout Failure** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (anchors in tension)

3.1 Pullout Strength

Np,Deck [lb] (fc'/3000)a a l a f f seismic f nonductile f  Npn,Deck,f'c [lb] Nua [lb]
3,375 1.000 0.500 1.000 0.650 0.750 1.000 1,645 1,100
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Company:
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Phone I Fax:
Design:
Fastening point:

Quantum Consulting Engineers
1511 Third Ave, Suite 323
2069573900 | 
Metal deck - Dec 27, 2024

Page:
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E-Mail:
Date:

4
Travis Michaud

tmichaud@quantumce.com
12/27/2024

4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 800 1,293 62 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength* N/A N/A N/A N/A

 Concrete edge failure in direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (relevant anchors)
 When the input edge distance is set to "infinity", edge breakout verification is not performed in that direction

4.1 Steel Strength

Vsa,Deck [lb] aV,seis f f  Vsa,Deck [lb] Vua [lb]
2,155 0.600 0.600 1,293 800

5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.669 0.619 5/3 97 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2021, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  The equations presented in this report are based on imperial units. When inputs are displayed in metric units, the user should be aware that the
 equations remain in their imperial format.

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D, E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!
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7 Installation data
 Anchor type and diameter: KWIK HUS-EZ (KH-EZ)
 (Carbon Steel) 1/2 (4 1/4)

 Profile: -  Item number: 418075 KH-EZ 1/2"x4 1/2"
 Hole diameter in the fixture: -  Maximum installation torque: 540 in.lb
 Plate thickness (input): -  Hole diameter in the base material: 0.500 in.

 Hole depth in the base material: 4.625 in.
 Drilling method: SafeSet - automatic cleaning  Minimum thickness of the base material: 3.250 in.
 Cleaning: Automatically performed while drilling

 Hilti Æ 1/2 in KWIK HUS-EZ (KH-EZ) (Carbon Steel) with 4.25 in nominal embedment depth per ICC-ES ESR-3027 , SAFEset - automatic cleaning
 installation per MPII

7.1 Recommended accessories

Drilling Cleaning Setting
•  Suitable Rotary Hammer
•  Vacuum cleaner

•  No accessory required •  Torque wrench

Coordinates Anchor in.

Anchor x y c-x c+x c-y c+y

1 0.000 0.000 - - - -
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8 Remarks; Your Cooperation Duties
•  Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas and

 security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be strictly
 complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to using
 the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put in.
 Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
 Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
 compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret norms
 and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a specific
 application.

•  You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
 regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not use
 the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in each
 case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or damaged data
 or programs, arising from a culpable breach of duty by you.







Server Unistrut Support Framing
IBC 2021, ASCE 7-16

1.) Seismic Parameters

Sds 1.01 Seismic Force Per ASCE 7-16 Chap 13

h/z 0.33 ap = 1

Server Weight (W) 7000 lb Rp = 2.5

Serve Length 83 in Ip = 1

Server Width 36 in Fp_Min = 0.3 Sds W 2121 lb

Center of Mass 58 in Fp_Max = 1.6 Sds W 11312 lb

Min. Servers Per Group 3 Fp = 0.4 Sds (ap W / Rp Ip) (1+2*h/z)

Minimum OT Width 83 in Fp = 1508 lb

Overturning Moment 366922 lb-in

Resisting Moment 871500 lb-in

Factor of Safety 2.38 > 1.5 OK

ASD Point Load At Unitstrut 1032 lb

2.) P1000 Unistrut Beams

Number of Supports 4

Unistrut Span 24 in

DL At Support 1167 lb

DL+0.7 EQ At Support 1854 lb

P1000 Capacity 1690 lb

Uc EQ = 1.10 < 1.33 OK per engineering judgement

Uc DL = 0.69 < 1.00 OK

3.) Double P1001 Unistrut Beams

DL+0.7 EQ At Support 4532 lb (Assuming server support aligns over girder)

Unistrut Span 48 in

(2) P1001 Capacity 4780 lb

Uc EQ = 0.95 < 1.0 OK

Quantum Consulting Engineers LLC Project: Centeris Date: 12/27/24 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 1

Seattle, WA 98101 Client: Centeris Checked:
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