
Washington State Fair Grounds
Tensile Membrane Structure

Puyallup , Washington
LOADING CRITERIA – IBC 2018/ASCE 7-16 - OPEN STRUCTURE

***************************************************************************************************

A. LOADS ARE CALCULATED PER ASCE 7-16

B. DESIGN FABRIC PRESTRESS IS 15 POUNDS PER LINEAR INCH IN BOTH
THE WARP AND FILL DIRECTIONS.

C. LIVE LOAD FOR THE CANOPY IS 12.0 PSF UNIFORM (ignore)

D. SNOW LOAD WAS CALCULATED AS FOLLOWS:

Pf = 0.7 x Ce x Ct x Is x Pg
Ce = 0.9 (Exposure C, Fully Exposed Roof)
Ct = 1.2 (Unheated structures)
Is = 1.0 (Risk category II building)
Pg = 25 psf (ground snow load) > 20 psf, Pm = 20(Is)= 20 psf

Pf = 0.7 x 0.9 x 1.2 x 1.0 x 25 = 18.9 psf -->  USE Pm = 20 psf

(Case 1) Uniform Balanced Snow (SL1)
(Case 2) X Unbalanced Snow (SL2)
(Case 3) Y Unbalanced Snow (SL3)

E. WIND LOADS FOR THE ROOF ARE BASED ON A WIND VELOCITY OF 98 MPH.

WIND SPEED V = 98 MPH (3 Sec Gust, Risk category II)
MEAN HEIGHT = 35 FEET, EXPOSURE "C"
Kz = 1.01 (35 feet high, exposure C)
Kzt= 1.0
Kd = 0.85
Ke = 1.0
qz = 0.00256 x Kz x Kzt x Kd x Ke x V**2.0
qz = 0.00256 x 1.01 x 1.0 x 0.85 x 1.0 x 98**2.0
qz = 21.11 psf
Gh = 0.85
P = 0.6 x (qz x Gh x Cp) for ASD Load
P = 0.6 x (21.11 x 0.85 x Cp) = 10.77 x Cp --> USE 11 psf x Cp

VALUES FOR Cp WERE APPLIED TO THE STRUCTURE ON AN ELEMENT BY
ELEMENT BASIS AS TABULATED BELOW (Pitched Free Roofs – ASCE7-16 Fig.27.3-5).

LOAD CASE A:

Windward side slope
90 to 45 deg.
45 to 38
38 to 30
30 to 15
15 to 0

Leeward side slope
90 to 45 deg.
45 to 38
38 to 30
30 to 15

15 to 0

coefficient
1.1 inward
1.3 inward
1.3 inward
1.1 inward
1.1 inward

coefficient
0.9 inward
0.6 inward
0.2 inward
0.4 outward
0.3 outward

LOAD CASE B:

Windward side slope
90 to 45 deg.
45 to 38
38 to 30
30 to 15

15 to 0

Leeward side slope
90 to 45 deg.
45 to 38
38 to 30
30 to 15

15 to 0

F. SEISMIC LOADS ARE CALCULATED AS FOLLOWS:

Ss = 1.27, S1 = 0.438
Site Class E
Fa = 1.2
Fv = 2.324
SMS = FaSs = 1.2 x 1.27 = 1.524
SM1 = FvS1 = 2.324 x 0.438 = 1.018
SDS = 2/3SMS = 2/3 X 1.524 = 1.016
SD1 = 2/3SM1 = 2/3 X 1.018 = 0.679

At Risk Category II,
Seismic category D (Table 11.6-1, 11.6-2)

Cs = SDS/(R/Ie)
SDS = 1.016

R = 1.0, Ω0 = 1.0 (Steel Ordinary Moment Frames
                              For Nonbuilding Structures Similar to Buildings)
Ie = 1.0 (Risk Category II)

Cs = 1.016/(1.0/1.0) = 1.016
Cs need not exceed

Cs = SD1/(T(R/Ie)) for T<= TL
WHERE SD1 = 0.679

T=Cthn
X

Ct = 0.02, x = 0.75 (Table 12.8-2)
hn = 35 feet

T = 0.02 x 35
= 0.288 sec < TL = 6 sec (Fig 22-14)

Cs = 0.679 / (0.288 x (1.0/1.0))=
2.358

Therefore
Cs = 1.016

Horizontal Seismic Load Effect including Overstrength
Emh = Ω0QE

= Ω0(CsW)
= 1.0 x 1.016 x W = 1.02 W
(Note) Apply 100% (1.02W) of the force for one direction plus

30% (0.31W) of the force for perpendicular direction.

Vertical Seismic Load Effect
Ev = 0.2SDS D

=0.2 X 1.016 X W = 0.20 W

0.75

coefficient
0.3 outward
0.2 outward
0.1 outward
0.1 inward
0.2 inward

coefficient
0.5 outward
0.9 outward
0.8 outward
1.1 outward
1.2 outward

G. SIGN CONVENTION: POSITIVE FORCES ARE DEFINED TO BE IN THE DIRECTION
OF THE X-Y AXIS SHOWN ON THE REACTION NODE MAP WITH Z ACTING UP AND
OUT OF THE PAGE.

H. THE EFFECTS OF MEMBRANE PRESTRESS AND DEAD LOAD ARE INCLUDED IN ALL
LOAD CASES.

I. THE LOADS TABULATED REPRESENT FORCES THAT ARE APPLIED TO THE BUILDING
OR FOUNDATION AT THAT LOCATION.

J. THE COORDINATES SHOWN MAY NOT REFLECT THE FINAL WORK POINTS IN THE
STRUCTURE, THEY ARE FOR ANALYSIS PURPOSES ONLY.

LOAD CASE DESCRIPTION

(Case 1) Prestress : DL+PS
(Case 2) Uniform Balanced Snow Load : DL+PS+SL1
(Case 3) Unbalanced Snow Load :1 DL+PS+SL2
(Case 4) Unbalanced Snow Load :1 DL+PS+SL3
(Case 5) Wind Load (Uniform Uplift Wind) : DL+PS+WL1
(Case 6) Wind Load (+X wind at case A) : DL+PS+WL2
(Case 7) Wind Load (+Y wind at case A) : DL+PS+WL3
(Case 8) Wind Load (-Y wind at case A) : DL+PS+WL4
(Case 9) Wind Load (+XY wind at case A) : DL+PS+WL5
(Case 10) Wind Load (+X wind at case B) : DL+PS+WL6
(Case 11) Wind Load (+Y wind at case B) : DL+PS+WL7
(Case 12) Wind Load (-Y wind at case B) : DL+PS+WL8
(Case 13) Wind Load (+XY wind at case B) : DL+PS+WL9
(Case 14) Uniformed Balanced Snow Load + Wind Load : DL+0.75SL1+0.75WL3
(Case 15) X Unbalanced Snow Load + Wind Load : DL+0.75SL2+0.75WL3
(Case 16) Y Unbalanced Snow Load + Wind Load : DL+0.75SL3+0.75WL3
(Case 17) +X Seismic Load : DL+PS+(0.7Ev + 0.7Emh)@+X
(Case 18) +Y Seismic Load : DL+PS+(0.7Ev + 0.7Emh)@+Y
(Case 19) -Y Seismic Load : DL+PS+(0.7Ev + 0.7Emh)@-Y
(Case 20) +XY Seismic Load : DL+PS+(0.7Ev + 0.7Emh)@+XY
(Case 21) +X Seismic Load + Snow Load : DL+PS+(0.525Ev + 0.525Emh)@+X + 0.75SL1
(Case 22) +Y Seismic Load + Snow Load : DL+PS+(0.525Ev + 0.525Emh)@+Y + 0.75SL1
(Case 23) -Y Seismic Load + Snow Load : DL+PS+(0.525Ev + 0.525Emh)@-Y + 0.75SL1
(Case 24) +XY Seismic Load + Snow Load : DL+PS+(0.525Ev + 0.525Emh)@+XY + 0.75SL1
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See construction plan set for special inspection program
requirements by engineer of record.
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