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WIND LOADING (ASCET7)

WIND LOADING
In accordance with ASCE7-10

Using the components and cladding design method

1261t

«—82ft———p

Plan

Building data
Type of roof
Length of building
Width of building
Height to eaves
Height of parapet
Mean height

End zone width

General wind load requirements

Basic wind speed

Risk category

Velocity pressure exponent coef (Table 26.6-1)
Exposure category (cl 26.7.3)

Enclosure classification (cl.26.10)

Internal pressure coef +ve (Table 26.11-1)
Internal pressure coef —ve (Table 26.11-1)

Parapet internal pressure coef +ve (Table 26.11-1)
Parapet internal pressure coef —ve (Table 26.11-1)
Gust effect factor

Tedds calculation version 2.1.14

«————126 ft—b{

Elevation

Flat

b = 82.00 ft
d =126.00 ft
H = 32.00 ft
hp = 3.00 ft
h = 32.00 ft

32 ft—p

a = max(min(0.1xmin(b, d), 0.4xh), 0.04xmin(b, d), 3ft) = 8.20 ft

V =250.0 mph

v

Kd =1.00

C

Partially enclosed buildings
GCpip = 0.55

GCpi_n =-0.55

GCpi_pp = 0.55

GCpi_np = -0.55

Gt=0.85
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Topography

Topography factor not significant Kz=1.0

Velocity pressure

Velocity pressure coefficient (T.30.3-1) Kz=10.99

Velocity pressure gh = 0.00256 x Kz x Kzt x Kg x V2 x 1psf/mph? = 158.7 psf

Velocity pressure at parapet

Velocity pressure coefficient (T.30.3-1) Kz=1.01

Velocity pressure gp = 0.00256 x Kz x Kzt x Kg x V2 x 1psf/mph? = 161.6 psf

Peak velocity pressure for internal pressure

Peak velocity pressure — internal (as roof press.)  qi = 158.72 psf

Equations used in tables

Net pressure p = gn x [GCp - GCypl]

Parapet net pressure p =gp X [GCp - GCpi p]

Components and cladding pressures - Wall (Table 30.4-1 and Figure 30.4-2A)

Component Zone Length Width Eff. area +GCp -GCp Pres (+ve) Pres (-ve)

(ft) (ft) (ft?) (psf) (psf)

<=10 sf 4 - - 10.0 0.90 -0.99 230.1 -244 .4
50 sf 4 - - 50.0 0.79 -0.88 2125 -226.8
200 sf 4 - - 200.0 0.69 -0.78 197.3 -211.6
>500 sf 4 - - 500.1 0.63 -0.72 187.3 -201.6
<=10 sf 5 - - 10.0 0.90 -1.26 230.1 -287.3
50 sf 5 - - 50.0 0.79 -1.04 2125 -252.0
200 sf 5 - - 200.0 0.69 -0.85 197.3 -221.6
>500 sf 5 - - 500.1 0.63 -0.72 187.3 -201.6
>500 sf 5 - - 500.1 0.63 -0.72 187.3 -201.6
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Components and cladding pressures - Roof (Figure 30.4-2A)
Component Zone Length Width Eff. area +GCp -GCp Pres (+ve) Pres (-ve)
(ft) (ft) (ft?) (psf) (psf)

<=10 sf 1 - - 10.0 0.30 -1.00 134.9 -246.0
25 sf 1 - - 25.0 0.26 -0.96 128.6 -239.7
50 sf 1 - - 50.0 0.23 -0.93 123.8 -234.9
>100 sf 1 - - 100.1 0.20 -0.90 119.0 -230.1
<=10 sf 2 - - 10.0 0.90 -1.80 230.1 -373.0
25 sf 2 - - 25.0 0.84 -1.52 220.1 -328.8
50 sf 2 - - 50.0 0.79 -1.31 212.5 -295.3
>100 sf 2 - - 100.1 0.74 -1.10 204.9 -261.9
<=10 sf 3 - - 10.0 0.90 -1.80 230.1 -373.0
25 sf 3 - - 25.0 0.84 -1.52 220.1 -328.8
50 sf 3 - - 50.0 0.79 -1.31 212.5 -295.3
>100 sf 3 - - 100.1 0.74 -1.10 204.9 -261.9
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WIND LOADING (ASCE7)
WIND LOADING
In accordance with ASCE7-10
Using the directional design method
Tedds calculation version 2.1.14
i
©
l I
o
i
« 126 ft > «——84ft——
Plan Elevation
Building data
Type of roof Flat
Length of building b =126.00 ft
Width of building d = 84.00 ft
Height to eaves H =32.00 ft

Height of parapet

he = 3.00 ft
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Mean height h =32.00 ft
General wind load requirements
Basic wind speed V =250.0 mph
Risk category v
Velocity pressure exponent coef (Table 26.6-1) Ks =1.00
Exposure category (cl 26.7.3) C
Enclosure classification (cl.26.10) Partially enclosed buildings
Internal pressure coef +ve (Table 26.11-1) GCpip = 0.55
Internal pressure coef —ve (Table 26.11-1) GCpin =-0.55
Gust effect factor Gr=0.85
Minimum design wind loading (cl.27.1.5) Pmin_r = 8 Ib/ft?
Topography
Topography factor not significant Kz=1.0
Velocity pressure equation q =0.00256 x Kz x Kzt x K x V2 x 1psf/mph?
Velocity pressures table
z (ft) Kz (Table 27.3-1) gz (psf)
15.00 0.85 136.00
20.00 0.90 144.00
32.00 0.99 158.72
35.00 1.01 161.60
Peak velocity pressure for internal pressure
Peak velocity pressure — internal (as roof press.)  qi = 158.72 psf
Parapet pressures and forces
Velocity pressure at top of parapet gp = 161.6 psf
Combined net pressure coefficient, leeward GCpni = -1.0
Combined net parapet pressure, leeward Ppl = Qp X GCpnl = -161.6 psf
Combined net pressure coefficient, windward GCpnw = 1.5
Combined net parapet pressure, windward Ppw = gp X GCpnw = 242.4 psf
Wind direction 0 deg:
Leeward parapet force Fwwpl_o = ppi X hp x b = -61.1 kips
Windward parapet force Fwwpw_0 = ppw X hp X b = 91.6 kips
Wind direction 90 deg:
Leeward parapet force Fw,wpl_90 = ppi X hp x d = -40.7 kips
Windward parapet force Fw,wpw_o0 = ppw X hp X d = 61.1 kips
Pressures and forces
Net pressure p =q x Gt x Cpe - qi X GCpi
Net force Fw=p % Aref
Roof load case 1 - Wind 0, GCyi 0.55, -cpe
Ref. Ext pressure | Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(t) (psf) (psf) (ft?) (kips)
A (-ve) 32.00 -0.90 158.72 -208.72 2016.00 -420.77
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Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(ft) (psf) (psf) (ft?) (kips)
B (-ve) 32.00 -0.90 158.72 -208.72 2016.00 -420.77
C (-ve) 32.00 -0.50 158.72 -154.75 4032.00 -623.96
D (-ve) 32.00 -0.30 158.72 -127.77 2520.00 -321.98
Total vertical net force Fwyv = -1787.49 kips
Total horizontal net force Fw,h = 0.00 kips
Walls load case 1 - Wind 0, GCyi 0.55, -Cpe
Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(ft) (psf) (psf) (ft?) (kips)
A1 15.00 0.80 136.00 5.18 1890.00 9.80
Az 20.00 0.80 144.00 10.62 630.00 6.69
As 32.00 0.80 158.72 20.63 1512.00 31.20
B 32.00 -0.50 158.72 -154.75 4032.00 -623.96
C 32.00 -0.70 158.72 -181.73 2688.00 -488.50
D 32.00 -0.70 158.72 -181.73 2688.00 -488.50

Overall loading

Projected vertical plan area of wall

Projected vertical area of roof

Minimum overall horizontal loading

Leeward net force
Windward net force
Overall horizontal loading

Roof load case 2 - Wind 0, GCyi -0.55, -0cpe

Avertw_0 = b x (H+ hp) = 4410.00 ft?
Avert_r 0 = 0.00 ft2
Fwtotal_min = Pmin_w X Avert_w_0 + Pmin_r X Avert r_o = 70.56 kips
Fi = Fwws + Fwwp_o = -685.0 kips
Fw = Fwwa 1 + Fwwa 2 + Fwwa_3 + Fwwpw_0 = 139.3 kips
Fw.totat = max(Fw - Fi + Fwn, Fw,total_min) = 824.4 Kips

Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(ft) (psf) (psf) (t?) (kips)
A (+ve) 32.00 -0.18 158.72 63.01 2016.00 127.03
B (+ve) 32.00 -0.18 158.72 63.01 2016.00 127.03
C (+ve) 32.00 -0.18 158.72 63.01 4032.00 254.06
D (+ve) 32.00 -0.18 158.72 63.01 2520.00 158.79
Total vertical net force Fw,v = 666.92 kips
Total horizontal net force Fw,h = 0.00 kips
Walls load case 2 - Wind 0, GCyi -0.55, -0cpe
Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(t) (psf) (psf) (t?) (kips)
Aq 15.00 0.80 136.00 179.78 1890.00 339.78
Az 20.00 0.80 144.00 185.22 630.00 116.69
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Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(ft) (psf) (psf) (ft?) (kips)
As 32.00 0.80 158.72 195.23 1512.00 295.18
B 32.00 -0.50 158.72 19.84 4032.00 79.99
C 32.00 -0.70 158.72 -7.14 2688.00 -19.20
D 32.00 -0.70 158.72 -7.14 2688.00 -19.20
Overall loading
Projected vertical plan area of wall Avert w0 = b x (H+ hp) = 4410.00 ft?
Projected vertical area of roof Avert r 0 = 0.00 ft?
Minimum overall horizontal loading Fwtotal_min = Pmin_w X Avert_w_0 + Pmin_r X Avertr_o = 70.56 kips
Leeward net force Fi = Fwws + Fwwpi_o = 18.9 Kkips
Windward net force Fw = Fwwa_1 + Fwwa 2 + Fwwa_3 + Fwwpw_o = 843.3 kips
Overall horizontal loading Fw.totat = max(Fw - Fi + Fwn, Fw,total_min) = 824.4 Kips
Roof load case 3 - Wind 90, GCyi 0.55, -Cpe
Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(ft) (psf) (psf) (ft?) (kips)
A (-ve) 32.00 -0.90 158.72 -208.72 1344.00 -280.52
B (-ve) 32.00 -0.90 158.72 -208.72 1344.00 -280.52
C (-ve) 32.00 -0.50 158.72 -154.75 2688.00 -415.97
D (-ve) 32.00 -0.30 158.72 -127.77 5208.00 -665.42
Total vertical net force Fwyv = -1642.43 kips
Total horizontal net force Fw,h = 0.00 kips
Walls load case 3 - Wind 90, GCyi 0.55, -Cpe
Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp P Avres Fw
(t) (psf) (psf) (t?) (kips)
A1 15.00 0.80 136.00 5.18 1260.00 6.53
Az 20.00 0.80 144.00 10.62 420.00 4.46
As 32.00 0.80 158.72 20.63 1008.00 20.80
B 32.00 -0.40 158.72 -141.26 2688.00 -379.71
C 32.00 -0.70 158.72 -181.73 4032.00 -732.75
D 32.00 -0.70 158.72 -181.73 4032.00 -732.75

Overall loading

Projected vertical plan area of wall

Projected vertical area of roof

Minimum overall horizontal loading

Leeward net force
Windward net force
Overall horizontal loading

Avert_w_o0 = d x (H+ hp) = 2940.00 ft?
Avert_r_o0 = 0.00 ft?
Fwtotal_min = Pmin_w X Avert_w_90 *+ Pmin_r X Avert_r_s0 = 47.04 kips
Fi = Fwws + Fwwpi_o0 = -420.4 kips
Fw = Fwwa_1 + Fwwa 2 + Fwwa_3 + Fwwpw_s0 = 92.9 kips
Fw.total = max(Fw - Fi + Fw,h, Fw,total_min) = 513.3 Kips
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Roof load case 4 - Wind 90, GCy; -0.55, +cpe
Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(t) (psf) (psf) (ft?) (kips)
A (+ve) 32.00 -0.18 158.72 63.01 1344.00 84.69
B (+ve) 32.00 -0.18 158.72 63.01 1344.00 84.69
C (+ve) 32.00 -0.18 158.72 63.01 2688.00 169.38
D (+ve) 32.00 -0.18 158.72 63.01 5208.00 328.17
Total vertical net force Fw,v = 666.92 kips
Total horizontal net force Fwh = 0.00 kips
Walls load case 4 - Wind 90, GCyi -0.55, +cpe
Ref. Ext pressure Peak velocity | Net pressure Area Net force
Zone height coefficient cpe pressure qp p Avref Fw
(t) (psf) (psf) (ft?) (kips)
A1 15.00 0.80 136.00 179.78 1260.00 226.52
Az 20.00 0.80 144.00 185.22 420.00 77.79
As 32.00 0.80 158.72 195.23 1008.00 196.79
B 32.00 -0.40 158.72 33.33 2688.00 89.59
C 32.00 -0.70 158.72 -7.14 4032.00 -28.80
D 32.00 -0.70 158.72 -7.14 4032.00 -28.80

Overall loading

Projected vertical plan area of wall

Projected vertical area of roof

Minimum overall horizontal loading

Leeward net force
Windward net force

Overall horizontal loading

Avert_w_o0 = d x (H+ hp) = 2940.00 ft?
Avert_r_QO =0.00 ft2

Fw.total_min = Pmin_w X Avert_w_90 + Pmin_r X Avert_r_g0 = 47.04 Kips

Fi = Fwws + Fwwpi_o0 = 48.9 kips

Fw = Fwwa 1 + Fwwa 2 + Fwwa_3 + Fwwpw_o0 = 562.2 Kips
Fw,total = maX(Fw -Fi+ Fw,h, Fw,total_min) =513.3 kIpS
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CHAPTER 3
STRUCTURAL DESIGN AND TESTING CRITERIA

SECTION 301
GENERAL

L1 Scope. The requirements of this chapter shall govern
“ siructural design and testing criteria of storm shelters.

1.2 General design requirements. Storm shelters shall be
fes :—fé to resist the loads and load combinations as pre-
o ned by this chapter in addition to the loads and load com-
“nitons prescribed in the applicable code.

%1 3 General testing requirements. Where the capacity of
= shelter envelope components cannot be determined by
“@2 mecnng calculations in accordance with Section 301.2, it

o e determined through testing in accordance with Sec-
SECTION 302

LOAD COMBINATIONS
MN21 General The storm shelter shall be designed to resist
~= el combinations specified in Section 302.2 or 302.3.
o sheliers that are designed as combination tornado and
“wrmiame shelters shall comply with requirements for both
o of load combinations using either Section 302.2 or 302.3.
W22 Strength design. Where strength design or load and
“oiamce factor design (LRFD) is used, storm shelters and
porons thercof :hall be designed to resist the most critical
© oot resultng from the following combinations of factored
“is Each load combination shall also be investigated with

we or more of the variable loads set to zero.

For sormado shelters:

(Equation 3-1)
(Equation 3-2)
(Equation 3-3)
(Equation 3-4)
(Equation 3-5)

<D

2D+ 1.6Ly+ 0.5,

2D + 1.6L 1+ (Ly or 0.5Wy)

2D + 1.0Wy+ Ly +0.5L ¢

D + 1.0Wy
Sor Bwrricane shelters:

(Equation 3-6)

)+ 1.6L+ 0.5(L, or Ry) (Equation 3-7)
0= 16(L yorRy) + (Lor0.5Wy) (Equation 3-8)
2D + 1.0Wgy + L+ 0.5(L, or Ry) (Equation 3-9)
%D + 1.0Wy (Equation 3-10)

In additon, for hurricane shelters subject to the
seguirements of Section 402.1 and located in:
Coastal high-hazard area or a Coastal A Zone:
12D+ 1.0Wy+ 2.0F 5+ L+ 0.5(L, or Ry)
(Equation 3-11)

19D + 1.0Wy+ 2.0F 4 (Equation 3-12)

All other locations:

1.2D + 0.5Wy + 1.0F 5 + L + 0.5(L, 5 or Ryy)
(Equation 3-13)
0.9D +0.5Wy + 1.0F 5 (Equation 3-14)

302.3 Allowable stress design. Where allowable stress
design (ASD, working stress design) is used, storm shelters
and portions thereof shall be designed to resist the most criti-
cal effects resulting from the following combinations of
loads. Each load combination shall also be investigated with
one or more of the variable loads set to zero.

For tornado shelters:

D+ Ly (Equation 3-15)
D+ L.y (Equation 3-16)
D+0.75Ly+ 0.75L,¢ (Equation 3-17)

D +0.6Wr (Equation 3-18)
D +0.75Ly+0.75(0.6W7) + 0.75L,7 (Equation 3-19)

0.6D + 0.6Wr (Equation 3-20)
For hurricane shelters:
D+ L (Equation 3-21)

D+ (L,yor Ry) (Equation 3-22)
D +0.75L + 0.75(L,y or Ry) (Equation 3-23)
D +0.6Wy (Equation 3-24)

D +0.75L +0.75(0.6Wg) + 0.75(L, 5 or Ry)
(Equation 3-25)
0.6D + 0.6Wy (Equation 3-26)

In addition, for hurricane shelters subject to the
requirements of Section 402.1 and located in:

Coastal high-hazard area or a Coastal A Zone:
D +0.6Wy+ 1.5F 5 (Equation 3-27)

D + 0.75L + 0.75(0.6Wy) + 0.75(L,y or Ry) +
1.5F 4 (Equation 3-28)

0.6D +0.6Wy + 1.5F, 4 (Equation 3-29)

All other locations:
D + 0.75L + 0.75(0.6Wy) + 0.75(L,y or Ry) +

0.75F .4 (Equation 3-30)
0.6D + 0.6Wy+ 0.75F .y (Equation 3-31)
SECTION 303
LOADS

303.1 Rain loads. Rain loads shall be determined in accor-
dance with the applicable code.

STANDARD FOR THE DESIGN AND CONSTRUCTION OF STORM SHELTERS—2020 1
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