Roof Component Distance “a”™
smaller of
0.1 (40) = 4 ft (controls)
or
0.4 (12.1) =4.8ft

Roof trusses are 32 ft long and spaced 4 ft apart.

Effective area:
larger of
32 x 4 = 128 ft?
or
32 x 32/3 = 341 ft2 (controls)

From Figure 6-11C of the Standard, for 6 = 15°:
(GCP) =+0.3 for Zones 1, 2, and 3 (Note: Zone 3 covers very small area
of truss) -
(GCP) =-0.8 for Zone 1
(GCP) =-2.2 for Zone 2

Design pressures:
£=12.3 (0.3 + 0.18) = +5.9 psf (all zones)
=123 (-0.8 - 0.18) =-12.1 psf (Zone 3)
p=12.3 x (-2.2) =-27.1 psf (Zone 2)
Overhang pressures to be used for reaction and anchorage:
p=123 (-2.2) =-27.1 psf (edge of roof)
p=12.3 (-2.5) =-30.8 psf (roof corners)

Roof Panels Effective area = 4 x 8 = 32 ft2

From Figure 6-11C of the Standard, for 6 = 15° (Note: Zones 2 and 3 are
regarded as overhang):

(GCP) =+0.4 for Zones 1, 2, and 3
(GCP) =-0.85 for Zone 1
k (GCP) =-2.2 for Zone 2 (with overhang)
(GCp) =-2.2 for Zone 3 on hip roofs (with overhang)
(GCP) =-3.1 for Zone 3 on gable roofs (with overhang)
Design pressures: .
p=12.3 (0.4 + 0.18) = +7.1 psf (all zones)
=123 x (-0.85 - 0.18) =-12.7 psf (Zone 1)
p=12.3 x (-2.2) =-27.1 psf (Zone 2)
p=12.3 x (-2.2) = -27.1 psf (Zone 3 on hip roofs)
p=12.3 x (-3.1) =-38.1 psf (Zone 3 on gable roofs)
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Fasteners Effective area = 10 ft:
(GCI,) =+ 0.5for Zones 1,2,and 3
(GCP) = ~(.9 for Zone 1
(GCP) =-2.2 for Zone 2 (with overhang)
(GCI,) = ~2.2 for Zone 3 on hip roofs (with overhang)
(GCy) =~3.7 for Zone 3 on gable roofs (with overhang)
Design pressures:
p=12.3 (0.5 + 0.18) = +8.4 psf (all zones)
p=12.3 x (0.9 - 0.18) =-13.3 psf (Zone 1)
p=12.3 x (-2.2) =-27.1 psf (Zone 2)
p=12.3 x (-2.2) =-27.1 psf (Zone 3 on hip roofs)
p=12.3 x (~3.7) =-45.5 psf (Zone 3 on gable roofs)

3.6 Example6 200-ft x 250-ft Gable Roof Commercial/Warehouse Building
Using Buildings of All Height Provisions
In this example, design wind pressures for a large, one-story commer-

cial/warehouse building are determined. Figure 3-13 shows the dimensions
and framing of the building. The building data are as follows:

Location: Memphis, Tennessee

Terrain: Flat farmland

Dimensions: 200 ft x 250 ft in plan
Eave height of 20 ft

Roof slope 4:12 (18.4°)

Framing: Rigid frames span the 200-ft direction
Rigid frame bay spacing is 25 ft
Lateral bracing in the 250-ft direction is provided by a “wind truss”
spanning the 200 ft to side walls and cable/rod bracing in the
planes of the walls
Girts and purlins span between rigid frames (25-ft span)
Girt spacing is 6 ft 8 in.
Purlin spacing is 5 ft
Cladding:  Roof panel dimensions are 2 ft wide
Roof fastener spacing on purlins is 1 ft on center
Wall panel dimensions are 2 ft x 20 ft
Wall fastener spacing on girts is 1 ft on center
Openings are uniformly distributed

Exposure and The building is located on flat and open farmland. It does not fit Exposures
Building B or D; therefore, Exposure C is used (Sections 6.5.6.2 and 6.5.6.3 of the
Classification Standard).
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201t

Wall Cable/Rod

250 ft Bracing

Figure 3-13 Dimensions and Framing of the Building of Examples 6 and 7

Basic Wind Speed

Analytical Procedure

Wind Directionality

Velocity Pressures
(Table 3-17)

The building function is commercialindustrial. It is not considered an
essential facility or likely to be occupied by 300 persons at one time. Cate-
gory II is appropriate. Table 1-1 and Table 6-1 of the Standard specify an
importance factor I=1.0.

Selection of basic wind speed is addressed in Section 6.5.4 of the Standard.
Memphis, Tennessee, is not located in the special wind region, nor is there
any reason to suggest that winds at the site are unusual and require addi-
tional attention. Therefore, the basic wind speed is V=90 mph (see Figure
6-1 of the Standard).

Method 2, Analytical Procedure, is used in this example (see Section 6.5 of
the Standard). In addition, provisions of buildings of all heights, given in
Section 6.5.12.2.1 and Figure 6-6 for MWFRS, will be used. Alternate provi-
sions of low-rise buildings are illustrated in Ex. 7 (Section 3.7 of this guide).

Wind directionality factor is given in Table 64 of the Standard. For MWFRS
and C&C, the factor K; = 0.85.

The velocity pressures are computed using the following equation:

g, = 0.00256 KK, K,V psf (Eq. 6-15)
where

K, = Value obtained from Table 6-3 of the Standard

K,, = 1.0 (no topographic effect)

I = 1.0 for Category II building

K; = 085

V = 90 mph

Substituting these values into Eq. 6-15 yields:

q, = 0.00256 K,(1.0) (0.85) (90)2(1.0)
=17.6 K, psf
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Table 3-17 Velocity Pressures (psf)

Height ft K % (P5f)
0-15 0.85 15.0
Eave 20 0.90 15.8
30 0.98 17.3
k 36.7 1.02 18.0%
40 1.04 18.3
50 1.09 19.2
Ridge 53.3 1.10 19.4
*g,=18.0 psf.

Values for K, are the same for Cases 1 and 2 for Exposure C (see Table 6-3
of the Standard). Mean roof height & = 36.7 ft.

Design Wind Pressure Design wind pressures for MWFRS of this building can be obtained using
Section 6.5.12.2.1 of the Standard for buildings of all heights or Section
6.5.12.2.2 for low-rise buildings. Pressures determined in this example are
using buildings of all heights criteria. Ex. 7 illustrates use of low-rise build-

ing criteria.

p=qGCy— g(GCy) (Eq. 6-17)
where

q = g, for windward wall at height z above ground

q = gy, for leeward wall, side walls, and roof

g = g for enclosed buildings

G = Gust effect factor

G = Values obtained from Figure 6-6 of the Standard

(GCpi) = Values obtained from Figure 6-5

For this example, when the wind is normal to the ridge, the windward roof
experiences both positive and negative external pressures. Combining
these external pressures with positive and negative internal pressures will
result in four loading cases when wind is normal to the ridge.

When wind is parallel to the ridge, positive and negative internal pressures
result in two loading cases. The external pressure coefficients, Gy for 6 =0°,
apply in this case.

Gust Effect Factor For rigid structures, G can be calculated using Eq. 64 (see Section 6.5.8:1 of
the Standard) or alternatively taken as 0.85. For simplicity, G = 0.85 is used
in this example.

External Wall C, from The pressure coefficients for the windward wall and for the side walls are
Figure 6-6 0.8 and 0.7, respectively, for all L/Bratios.

The leeward wall pressure coefficient is a function of the L/B ratio. For
wind normal to the ridge, L/B = 200/250 = 0.8; therefore, the leeward wall
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Table 3-18 External Wall G

Surface Wind direction L/B CP
Windward wall All All 0.80
Leeward wall Normal to ridge 0.8 ~0.50
Parallel to ridge 1.25 —0.45%
Side wall All All -0.70

*By linear interpolation.

Table 3-19  Roof C, (Wind Normal to Ridge)

Surface 15° 18.4° 20°
Windward roof -0.5 ~-0.36% -0.3

0.0 0.14% 0.2
Leeward roof -0.5 ~0.57* -0.6

*By linear interpolation.

pressure coefficient is —0.5. For flow parallel to the ridge, L/B = 250/200 =
1.25; the value of G, is obtained by linear interpolation. The wall pressure
coefficients are summarized in Table 3-18.

External Roof G from The roof pressure coefficients for the MWFRS (Table 3-19) are obtained

Figure 6-6 (Wind Normal  from Figure 6-6 of the Standard. For the roof angle of 18.4°, linear interpo-

to Ridge) lation is used to establish C’p. For wind normal to the ridge, 2/L = 36.7/200 =
0.18; hence, only single linear interpolation is required. Note that interpo-
lation is only carried out between values of the same sign.

Internal GCp; Values for GC,; for buildings are addressed in Section 6.5.11.1 and Figure
6-5 of the Standard.

The openings are evenly distributed in the walls (enclosed building) and
Memphis, Tennessee, is not in a hurricane-prone region. The reduction fac-
tor of Section 6.5.11.1.1 is not applicable for enclosed buildings; therefore,

MWERS Net Pressures p=9GG,— 4{(GCy) (Eq. 6-17)
p=4(0.85) C,~ 18.0(20.18) -

where
q = g¢,for windward wall
q = gyforleeward wall, side wall, and roof
g; = g, for windward walls, side walls, leeward walls, and roofs of

enclosed buildings
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Typical Calculation Windward wall, 0-15 ft, wind normal to ridge:
p=15.0(0.85)(0.8) — 18.0(+0.18)
p="1.0 psf with (+) internal pressure
p=13.4 psf with () internal pressure
The net pressures for the MWFRS are summarized in Table 3-20.

Table 3-20 MWFRS Pressures: Wind Normal to Ridge

z q Net pressure psf with

Surface ) (psf) G Cy (+GGyy) (-GCpi)
Windward wall 0-15 15.0 0.85 0.8 7.0 13.4
20 158 0.85 0.8 7.5 14.0
Leeward wall All 18.0 08 -05 -10.9 —4.4
Side walls Al 18.0 085 -0.7 -14.0 ~7.5
Windward - 18.0 085 -0.36 -8.8 -2.3
Roof* 0.14 -1.1 5.4
Leeward roof - 18.0 085  -0.57 -12.0 -5.5

gp=18.0 psf; (GG =£0.18; g;(GCy;) = £3.2 psf.

*Two loadings on windward roof and two internal pressures yield a total of four loading
cases (see Figures 3-14 and 3-15).

12.0 psf

7.5 psf Internal Pressure of +3.2 psf is included
7.0 PSf 10.9 pSf

Wl frdd Al L L Ll ST T LRrr rrr L7 L il A

Al

15ft

200 ft >

2.3 psf 5.5 psf

Internal Pressure of -3.2 psf is included

14.0psf;{ 151t
13.4 psf [

4.4 psf

Figure 3-14 Net Design Wind Pressures for MWFRS when Wind is Normal to Ridge with
Negative Windward External Roof Pressure Coefficient
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12.0 psf

y\

7.5 psf Internal Pressure of +3.2 psf is included
p ~15ft 109 psf

7.0 psf L
WA/ B /S L /AT A/ /A A/ B ) A/ /1 /B 1/ M/ 7/ W/ /7 |

A 4

vYYY

+ 200 ft >

Internal Pressure of ~3.2 psf is included

14.0 psf

T 4.4 psf
134 psf | p
B 777 72777 7777 7 T S L T A Ll Ll L7 A

-~-15ft

Figure 3-15 Net Design Wind Pressures for MWFRS when Wind is Normal to Ridge with
Positive Windward External Roof Pressure Coefficient

Exiernal Roof C, from For wind parallel to the ridge, h/L = 36.7/250 = 0.147 and 6 < 10°. The val-
Figure 6-6 for Wind ues of G, for wind parallel to ridge are obtained from Figure 6-6 of the Stan-
Parallel to Ridge dard and are shown in Tables 3-21 and 3-22.

Design Wind Load Cases  Section 6.5.12.3 of the Standard requires that any building whose wind

‘ loads have been determined under the provisions of Sections 6.5.12.2.1 and

6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9 of

the Standard. Case 1 includes the loadings shown in Figures 3-14 through

3-17. A combination of windward (Py) and leeward (Pp) loads is applied for

Load Cases 2, 3, and 4 as shown in Figure 69 of the Standard. Section

6.5.12.3 of the Standard has exception that if a building is designed with

flexible diaphragm, only Load Cases 1 and 3 need to be considered. There

is not enough structural information given in this example to assess flexibil-

ity of roof diaphragm. Structural designer will have to make judgment in
each building.

Design Pressures Eq. 6-22 of the Standard is used to obtain the design pressures for compo-
for C&C (Section nents and cladding:
6.5.12.4)
Pp=al(GG) - (GGy)] (Eq. 6-22)
where

18.0 psf
Values obtained from Figure 6-11
+ 0.18 for this building

it

qx
(GCp)
(GG

i

( Wall C&C Pressures The pressure coefficients (GC,) (Table 3-23) are a function of effective
- wind area. The definition of effective wind area for a component or clad-
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Table 3-21 Roof Cp (Wind Parallel to Ridge)

Surface h/L Distance from windward edge G,
Roof =05 Otokh -0.9,-0.18"
hto 2k -0.5,-0.18"
> 2h -0.3,-0.18"

*The values of smaller uplift pressures on the roof can become critical when wind load is
combined with roof live load or snow load; load combinations are given in Sections 2.3 and
2.4 of the Standard. For brevity, loading for this value is not shown in this example.

Table 3-22 MWFRS Pressures: Wind Parallel to Ridge

2 q Net pressure psf with

Sutface ® s G ¢, ~(GCp) (-GCy)
Windward wall 0-15 15.0 0.85 0.8 7.0 13.4
20 15.8 0.85 0.8 7.5 14.0
30 17.3 0.85 0.8 8.5 15.0
40 i8.3 0.85 0.8 9.2 15.7
53.3 19.4 0.85 0.8 10.0 16.4
Leeward wall All 18.0 0.85 -0.45 -10.1 -3.7
Side walls All 18.0 0.85 -0.7 -14.0 -7.5
Roof* 0 to A* 18.0 0.85 -0.9 -17.0 -10.5
hto 2h* 18.0 0.85 0.5 -10.9 4.4
> 2h* 18.0 0.85 -0.3 -7.8 ~-1.4

gn=18.0 psf; (GC,) = £0.18; h = 36.7 ft; g,( GC,) = £3.2 pL.

*Distance from windward edge.

ding panel is the span length multiplied by an effective width that need not
be less than one-third the span length; however, for a fastener it is the area
tributary to an individual fastener.

Girt:
larger of
A=25(6.67) =167 fc2
or .
A =25(25/3) = 208 ft? (controls)
Wall Panel:
larger of
A=6.67(2) =13.3 fi®
or
A=6.67(6.67/3) = 14.8 ft® (controls)
Fastener:

A=6.67(1) = 6.7 fi2

Typical calculations of design pressures for girt in Zone 4 are shown below
and wall C&C pressures are summarized in Table 3-24:
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367ft  367ft

17.0 psf
A& X X 2 10.9 psf
DAEEEARR R
10.0 psf| > 5
P C 40 ft » 533ft
9.2 psf ¢ 30ft
8.5 psf P Internal Pressure of +3.2 psfis included X .
75psf TR 206t 10.1 ps
70pst  [pf 15ft >
|/ AR/ /A /1S A 1/ A/ /A1 M 1 7/ M 1/ A1 1/ A 1/ M/l /711 V.|
250 ft ‘
Roof pressure  Distance from windwall edge

17.0 psf, 0-36.7 ft

10.9 psf, 36.7-734 ft

7.8 psf, >734ft
14.0 psf f Internal Pressure of +3.2 psf is included »14.0 psf

Vild L7 Ll 2idd L, Ll Ll Ll ST L L Ll Ll LA
Figure 3-16 Net Design Wind Pressures for MWFRS when Wind is Parallel to Ridge with
Positive Internal Pressure

Table 3-23  Wall Coefficients (GCp) in Figure 6-11A

External (GC,)

c&C A(f?) Zones 4 and 5 Zone 4 Zone 5
Girt 208 0.77% -0.87 -0.93
Panel 14.8 0.97 -1.07 -1.34
Fastener 6.7 1.00 -1.10 -1.40
Other** =10 1.00 -1.10 ~1.40
Other** = 500 0.70 -0.80 -0.80

*(GGp) values are obtained using equations in Chapter 2 of this guide.

**QOther C&C can be doors, windows, etc.
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36.7 ft‘ 367 ftd

10.5 psf
: 4.4 psf
F T 0 14 psf
I I LA & 4 A AL DA AADLALDL A,
16.4 psf [— —z
G4pst [ 40t 533ft
15.7 psf | 30 ft
15.0 psf |- 20t Internal Pressure of --3.2 psfis included -37 psf
140 psf T 15 ft
13.4 psf l—-»
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250 ft

Roof pressure  Distance from windwall edge

10.5 psf 0-36.7 ft
4.4 psf 36.7-73.4ft
1.4 psf >73.4 1t

Internal Pressure of -3.2 psf is included

7.5 psf 7.5 psf

222

F1T?

Figure 3-17 Net Design Wind Pressures for MWFRS when Wind is Parallel to Ridge with
Negative Internal Pressure

Table 3-24 Net Controlling Wall Component Pressures (psf)

Controlling design pressures (psf)

Zone 4 Zone 5

c&C Positive Negative Positive Negative
Girt 17.1 -18.9 17.1 -20.0
Panel 20.7 -22.5 20.7 9274
Fastener 21.2 -23.0 21.2 -28.4
A=10f2 21.2 -23.0 21.2 -28.4
A =500 £t 15.8 -17.6 15.8 -17.6

Guide to the Use of the Wind Load Provisions of ASCE7-02 55

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE Sold to:.OCKHEED MARTIN SPACE SYSTEMS, 01461910
No reproduction or king permitted without license from IHS Not for Fesale,2004/10/18 18:6:13 GMT




For maximum negative pressure:
p=18.0[(-0.87) — (+0.18)]
p =-18.9 psf with positive internal pressure (controls)
p =-12.4 psf with negative internal pressure
For maximum positive pressure:
p=18.0[(0.77) - (£0.18)]
p = 10.6 psf with positive internal pressure

£ =17.1 psf with negative internal pressure (controls)

Roof C&C Pressures  Effective wind areas of roof C&C (Table 3-25):

Purlin:
larger of
A=25(5) =125 fi>
or

A =25(25/3) = 208 ft>(controls)

Panel:
larger of
A =5(2) =10 ft?(controls)
or
A=5(5/3) = 8.3 f2
Fastener:
A=5(1) =5 fi®

Typical calculations of design pressures for purlin in Zone 1 are as follows
and roof C&C pressures are summarized in Table 3-26:

For maximum negative pressure:
p=18.0[(-0.8) - (x0.18)]
p=-17.6 psf with positive internal pressure (controls)

p =-11.2 psf with negative internal pressure

Table 3-25 Roof Coefficients (GCp) in Figure 6-11C; 7° < § = 27°

External (GCy)
Component A (ﬂz ) Zones 1, 2, and 3 Zone 1 Zone 2 Zone 3
Purlin 208 0.3 -0.8 -1.2 -2.0
Panel 10 0.5 -0.9 ~1.7 ~2.6
Fastener 5 0.5 -0.9 ~1.7 -2.6
Other* =10 0.5 -0.9 -1.7 -2.6
Other* =100 0.3 -0.8 ~1.2 -2.0

*Other C&C can be skylight, etc.

56 Guide to the Use of the Wind Load Provisions of ASCE 7-02

Copyright American Society of Civil Engineers
Provided by 1HS under license with ASCE Sold t0:LOCKHEED MARTIN SPACE SYSTEMS, 01461910
No reproduction or rking permitted without ficense from IHS Not for Resale,2004/10/18 18:6:13 GMT




Table 3-26 Net Controlling Roof Component Pressures (psf)

Controlling design pressures (psf)

Positive Negative
Component Zones 1, 2, and 3 Zone 1 Zone 2 Zone 3
Purlin 10.0* -17.6 -24.8 -39.2
Panel 12.2 -19.4 -33.8 -50.0
Fastener 12.2 -19.4 -33.8 -50.0
A=10£2 12.2 -19.4 ~33.8 -50.0
A =500 £2 10.0% -17.6 -24.8 -39.2

*Minimum net pressure controls (Section 6.1.4.2 of the Standard).

For maximum positive pressure:
p=18.0[(0.3) - (£0.18)]
p= 2.1 psf with positive internal pressure
p = 8.6 psf with negative internal pressure

£ = 10 psf minimum net pressure (controls)
(Section 6.1.4.2 of the Standard)

Special case of girt that transverses Zones 4 and 5:

Width of Zone 5:
smaller of
a=0.1(200)=20ft
or
a=0.4(36.7) = 14.7 ft (controls)
but not less than
0.04(200) =8 ft
or3ft

Weighted average design pressure:

_ 14.7(-20.0)+10.3(-18.9) -
25

This procedure of using a weighted average may be used for other compo-
nents and cladding.

P ~19.6 psf

Special Case of Strut Strut purlins in the end bay experience combined uplift pressure as a roof
Purlin (interior) component (C&C) and axial load as part of the MWFRS
Component Pressure

End bay purlin located in Zones 1 and 2
Width of Zone 2, a= 14.7 ft

Weighted average design pressure:

- 14.7(~24.8)+10.3(-17.6) _
25

(Purlin in Zones 2 and 3 will have higher pressure)

—21.9 psf
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21.9 psf (calculated above)

HRERRRRE

> N
7%" 7;?77 End wall reaction

at roof rafter from
Figure 3-16

Figure 3-18A Combined Uplift and Axial Design Loads on Interior Strut Purlin

Uplift Load (C&C)

Purlin

— Eave Strut

Purlin
v\

-— Axial Load (MWFRS)

Clip Angle to
Support Wall Panels

Figure 3-18B Eave Strut Purlin Supports Roof and Wall Panels

Wall Load (C&C)

MWERS Load

Figure 3-16 shows design pressure on end wall with wind parallel to ridge
with positive internal pressure (consistent with high uplift on the purlin).
Assuming that the end wall is supported at the bottom and at the roof line,
the effective axial load on an end bay purlin can be determined.

Combined Design Loads on Interior Strut Purlin

Figure 3-18A shows combined design load on interior strut purlin. Note
that many metal building manufacturers support the top of the wall panels
with the eave strut purlin (see Figure 3-18B). For this case, the eave purlin
also serves as a girt, and the negative wall pressures of Zones 5 and 4 would
occur for the same wind direction as the maximum negative uplift pressures
on the purlin (refer to Zones 3 and 2). Thus, in this instance, the correct
load combination would involve biaxial bending loads based on C&C pres-
sures combined with the MWFRS axial load.
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3.7 Example7 Building of Ex. 6 Using Low-Rise Building Provisions

This example illustrates the use of the low-rise building provisions to deter-
mine design pressures for the MWFRS. For this purpose, the building used
has the same dimensions as the building in Ex. 6 (Section 3.6 of this guide).
The design pressures on C&C will be the same as Ex. 6. The building is
shown in Figure 3-13. The building data are as follows:

Location: Memphis, Tennessee

Terrain: Flat farmland

Dimensions: 200 ft x 250 ft in plan
Eave height of 20 ft

Roof slope 4:12 (18.4°)

Framing: Rigid frame spans the 200-ft direction
Rigid frame bay spacing is 25 ft
Lateral bracing in the 250-ft direction is provided by a “wind truss”
spanning the 200 ft to side walls and cable/rod bracing in the
planes of the walls
Openings uniformly distributed

Low-Rise Building Section 6.2 of the Standard specifies two requirements for a building to
qualify as a low-rise building: (1) mean roof height has to be less than or
equal to 60 ft, and (2) mean roof height does not exceed least horizontal
dimension. A building with these dimensions qualifies as a low-rise building
and the alternate provisions of Section 6.5.12.2.2 may be used.

Exposure, Building Same as Ex. 6:
Classification, and

Basic Wind Speed Exposure C
Category II
Enclosed building (openings uniformly distributed)
V=90 mph
Velocity Pressure The low-rise building provisions for MWFRS in the Standard use the veloc-

ity pressure at mean roof height, &, for calculation of all external and inter-
nal pressures, including the windward wall. All pressures for a given zone
are assumed to be uniformly distributed with respect to height above
ground.

Mean roof height & = 36.7 ft

The velocity pressures are computed using:

g = 0.00256 KK, K,V2I (psf) (Eq. 6-15)
where

qr = Velocity pressure at mean roof height, &

K; = 1.02for Exposure C (see Table 6-3 of the Standard)

K, = 1.0 topographic factor (see Section 6.5.7.1)

K; = 0.85 (see Table 64)
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Design Pressures
for the MWFRS

External Pressure
Coefficients (GCpy)

Internal Pressure
Coefficients (GCp;)

Design Wind Pressures
(psf)

V = 90 mph basic wind speed (see Figure 6-1)
I = 1.0 for Category II (50-yr mean return interval)
Therefore:

g, = 0.00256(1.02) (1.0) (0.85) (90)%(1.0) = 18.0 psf

The equation for the determination of design wind pressures for MWERS for
low-rise buildings is given by Eq. 6-18 in Section 6.5.12.2.2 of the Standard:

p=Gl(GCyp — (GCp)] (Eq. 6-18)
where

qn = The velocity pressure at mean roof height associated with
Exposure C

(GCyp = The external pressure coefficients from Figure 6-10 of the
Standard

(GCy) = The internal pressure coefficients from Figure 6-5 of the
Standard

The building must be designed for all wind directions using the eight load-
ing patterns shown in Figure 6-10 of the Standard. For each of these pat-
terns, both positive and negative internal pressures must be considered,
resulting in a total of 16 separate loading conditions. However, if the build-
ing is symmetrical, the number of separate loading conditions will be
reduced to eight (two directions of MWFRS being designed for normal load
and torsional load cases—a total of four load cases, one windward corner,
and two internal pressures). The load patterns are applied to each building
corner in turn as the reference corner.

The roof and wall coefficients are functions of the roof slope, 8 (see Tables
3-27 and 3-28).

Width of end zone surface:
smaller of
2a=2(0.1)(200) =40 ft
or
2(0.4) (36.7) = 29.4 ft (controls)
but not less than
2(0.04) (200) = 16 ft
or2(3) =6ft

Openings are assumed to be evenly distributed in the walls, and since Mem-
phis, Tennessee, is not located in a hurricane-prone region, the building
qualifies as an enclosed building (see Section 6.2 of the Standard). The
internal pressure coefficients are given from Figure 6-5 as (GCy,) = 0.18.

Design wind pressures in the transverse and longitudinal directions are
shown in Tables 3-29 and 3-30.
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Table 3-27 Transverse Direction (8 = 18.4°%)

Building surface
GCpr* 1 2 3 4 5 6 1E 2E 3E 4E
052 -0.69 -0.47 -042 -045 -0.45 0.78 -1.07 -0.67 -0.62

*By linear interpolation.

Table 3-28 Longitudinal Direction (6 = 0°)

Building surface
GCyr 1 2 3 4 5 6 IE 2E 3E 4E
0.40 -0.69 -0.37 -0.29 -045 -045 061 -1.07 -0.53 -0.43

Table 3-29 Design Wind Pressures, Transverse Direction

Design pressure (psf)
Building surface (GCyr) (+GGCy;) (-GCy;i)
1 0.52 6.1 12.6
2 ~0.69 -15.6 -9.2
3 ~-0.47 -11.7 -5.2
4 -0.42 ~-10.8 -4.3
5 —-0.45 -11.3 -4.9
6 -0.45 -11.3 -49
1E -0.78 10.8 17.3
2E -1.07 -22.5 ~-16.0
3E -0.67 -15.3 -8.8
4E ~0.62 -14.4 -79
Table 3-30 Design Wind Pressures, Longitudinal Direction
Design pressure (psf)
Building surface (GCyp) (+GGy;) (-GCy)
1 0.40 : 4.0 10.5
2 -0.69 -15.6 -9.2
3 -0.37 -9.9 -3.4
4 -0.29 ~-8.5 -2.0
5 ~0.45 -11.3 -4.9
6 -0.45 -11.3 -4.9
1E 0.61 7.7 14.2
2K ~-1.07 -22.5 -16.0
3E -0.53 -12.8 6.3
4E -0.43 -11.0 -4.5
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Calculation for Surface 1:

p=18.0 [0.52 - (+0.18)] = +6.1 or +12.6

Application of Pressures  Note 8 of Figure 6-10 of the Standard states that when the roof pressure

on Building Surfaces coefficient, GGy is negative in Zone 2, it shall be applied in Zone 2 for a

2and3 distance from the edge of the roof equal to 0.5 times the horizontal dimen-
sion of the building measured parallel to the direction of the MWFRS being
designed or 2.5k, whichever is less. The remainder of Zone 2 that extends
to the ridge line shall use the pressure coefficient GCyfor Zone 3. Thus, the
distance from the edge of the roof is the smaller of:

0.5(200) = 100 ft for transverse direction
0.5(250) = 125 ft for longitudinal direction

or
(2.5)(86.7) = 92 ft for both directions (controls)

Therefore, Zone 3 applies over a distance of 105 — 92 = 13 ft in what is nor-
mally considered to be Zone 2 (adjacent to ridge line) for transverse direc-
tion and 125 - 92 = 33 ft for longitudinal direction.

Loading Cases Because the building is symmetrical, the four loading cases provide all the
required combinations provided the design is accomplished by applying
loads for each of the four corners. The load combinations illustrated in Fig-
ures 3-19 through 3-22 are to be used to design the rigid frames, the “wind
truss” spanning across the building in the 200-ft direction, and the
rod/cable bracing in the planes of the walls (see Figure 3-13) (Section 3.6
of this guide).

Torsional Load Cases

Since the mean roof height, A = 36.7 ft, is greater than 30 ft and if the roof
diaphragm is assumed to be rigid, torsional load cases need to be consid-
ered (see exception in Note 5 in Figure 6-10 of the Standard if building is
designed with flexible diaphragm). Pressures in “T” zones are 25% of the

10.8 psf
Reference corrie’rl ‘i‘/ 294 ft

Figure 3-19 Design Pressures for Transverse Direction with Positive internal Pressure
o Note: The pressures are assumed to be uniformly distributed over each of the surfaces shown

62  Guide to the Use of the Wind Load Provisions of ASCE 7-02

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE Sold 10:LOCKHEED MARTIN SPACE SYSTEMS, 01461910
No reproduction or king permitted without license from IHS Not for Resale,2004/10/18 18:6:13 GMT




12.6 psf

? 17.3 psf

Reference comjr') L/ 204 ft

Figure 3-20 Design Pressures for Transverse Direction with Negative Internal Pressure
Note: The pressures are assumed to be uniformly distributed over each of the surfaces shown

9.9 psf

7.7 psf\l
29.4ft

Figure 3-21 Design Pressures for Longitudinal Direction with Positive Internal Pressure
Note: The pressures are assumed to be uniformly distributed over each of the surfaces shown

3.4 psf

/2.0 psf
4.9 psf
9.2 »
) . e

Reference corner

294 ft

Figure 3-22 Design Pressures for Longitudinal Direction with Negative Internal Pressure
Note: The pressures are assumed to be uniformly distributed over each of the surfaces shown
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Table 3-31

Table 3-32

Design Wind Pressures
for C&C

Figure 3-23

Design Wind Pressure for Zone “T,” Transverse Direction

Design prressures (psf)
Building surface (+GGCy) (-GCy)
1T 1.5 3.2
2T -3.9 -2.3
3T -2.9 -1.3
4T -2.7 ~1.1

Design Wind Pressure for Zone “T,” Longitudinal Direction

Design pressures (psf)
Building surface (+GCyy) (-GCyy)
1T 1.0 26
2T -39 -2.3
3T -2.5 -0.9
4T -2.1 -0.5

full design pressures; the “T” zones are shown in Figure 6-10 of the Stan-
dard. Other surfaces will have the full design pressures. The “T” zone pres-
sures with positive and negative internal pressures for transverse and longi-
tudinal directions are shown in Tables 3-31 and 3-32, respectively.

Figures 3-19 through 3-26 show design pressure cases for one reference cor-

ner; these cases are to be considered for each corner.

The design pressures for C&C are the same as shown for Ex. 6 (Section 3.6
of this guide).

2.9 psf /1 1.3 psf
5.4 psf TP
11.7 psf
10.8 psf 5.0 psf
/’/ ﬁ"“-\
15.3 psf " st (T
4.4 psf < /
R 22.5 psf N L
> g 1.5 psf
92 ft
11.3psf 6.1 psf
10.8 psf

Reference cornj;l I‘/ 204 f

Torsional Load Case for Transverse Direction with Positive Internal Pressure
Notes: (1) The pressures are assumed to be uniformly distributed over each of the surfaces
shown (2) Roof pressures of 22.5, 15.6, and 3.9 psf apply up to 92 fi; the remaining 13 ft up
to the ridge line will have pressure of 15.3, 11.7, and 2.9 psf
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3.2 psf

17.3 psf

Reference com/ej l‘/ 204 ft

Figure 3-24 Torsional Load Case for Transverse Direction with Negative Internal Pressure
Notes: (1) The pressures are assumed to be uniformly distributed over each of the surfaces
shown (2) Roof pressures of 16.0, 9.2, and 2.3 psf apply up to 92 ft; the remaining 13 ftup to
the ridge line will have pressures of 8.8, 5.2, and 1.3 psf

1.9 psf
2.5 psf /

1 1.3“{ 7.6 psf
3.9 psf’ 11.0 psf
o& Aot X 99pst 128psf "7
g 156 ;;fl‘\\
225 psf >
1.0 psf ~ 11.3 psf
4.0 psf

7.7 p\st:l Reference corner
29.4 ft

Figure 3-25 Torsional Load Case for Longitudinal Direction with Positive Internal Pressure
Note: The pressures are assumed to be uniformly distributed over each of the surfaces shown

0.5 psf
0.9 psf /

49 psf /2.0 psf
23 psﬁ > 63psf 4.5 psf
¢ | 9.2 p\s\‘i‘; s
16.0 psf\‘
2.6 psf 8 49 psf
10.5 psf

142 ps‘fJ LRiference corner
2941t

Figure 3-26 Torsional Load Case for Longitudinal Direction with Negative Internal Pressure
Note: The pressures are assumed to be uniformly distributed over each of the surfaces shown
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3.8 Example8 40-ft x 80-ft Commercial Building with Monoslope Roof
with Overhang

In this example, design pressures for a typical retail store in a strip-mall are
determined. The building’s dimensions are shown in Figure 3-27. The
building data are as follows:

Location: Boston, Massachusetts, within 1 mi of the coastal mean high water-
mark

Topography: Homogeneous

Terrain: Suburban

Dimensions: 40 ft x 80 ftin plan
Monoslope roof with slope of 14° and overhang of 7 ft in plan
Wall heights are 15 ft in front and 25 ft in rear

Framing: Walls of CMU on all sides supported at top and bottom; steel framing
in front (80-ft width) to support window glass and doors. Roof
joists span 41.2 ft with 7.2-ft overhang spaced at 5 ft on center

Cladding: Glass and door sizes vary; glazing is not debris-impact-resistant and
occupies 50% of front wall (80 ft in width)
Roof panels are 2 ft wide and 20 ft long

Building The building is not an essential facility, nor is it likely to be occupied by
Classification, more than 300 persons at any one time. Use Category II (see Table 1-1 of
Enclosure the Standard). Importance Factor /= 1.00 (see Table 6-1 of the Standard).
Classification, and

The building is sited in a suburban area and satisfies the criteria for Expo-

Exposure Category sure B (see Section 6.5.6 of the Standard).

The building is sited in a wind-borne debris region. It has glazing (not
impact resistant) occupying 50% of a wall that receives positive pressure.
The building must be classified as partially enclosed (see Sections 6.5.9.3
and 6.2 of the Standard).

The building does not meet the requirements of Method 1, Simplified Pro-
cedure (Section 6.4 of the Standard), because the roof slope is greater than
10°. Therefore, Method 2, Analytical Procedure, is used (see Section 6.5.3

40 ft

7t
7t —— 40 ft

801t T

Figure 3-27 Dimensions of the Retail Store Strip-Mall
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Basic Wind Speed

Velocity Pressures

Design
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Pressures
FRS

Table 3-33
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of the Standard). The roof is not gabled; hence, the low-rise building provi-
sions may not be used.

The provisions of the Standard do not permit use of external pressure coef-
ficients (GCy) given in Figure 6-10. The values in Figure 6-10 were obtained
from wind tunnel studies of rigid, gable-framed buildings. Their use for a
monoslope roof requires considerable judgment. The design examples pre-
sented in Ex. 7 (Section 3.7 of this guide) illustrate use of the pressure coef-
ficients of Figure 6-10, and the Commentary in the Standard gives the back-
ground for (GCPf) values.

The wind speed contour of 110 mph traverses over Boston, Massachusetts
(Figure 6-1c of the Standard); use a basic wind speed of 110 mph.

The velocity pressures (Table 3-33) are calculated using the following equa-
tion (see Section 6.5.10 of the Standard):

g =0.00256K,K, K, VI (psf) (Eq. 6-15)
= 0.00256K,(1.0) (0.85) (110)2(1.0)
= 26.33K, (psf)

where

K, = Value obtained from Table 6-3 of the Standard

K,, = 1.0 homogeneous terrain

I = 1.0 for Category II building (see Table 6-1)

K; = 0.85,see Table 64

The provisions of the Standard require the use of the external pressure
coefficients, C;, from Figure 6-6; hence, the exposure coefficients, K, are
based on Exposure B, Case 2, for MWFRS and Exposure B, Case 1, for C&C
(see Table 6-3).

The equation for rigid buildings of all heights is given in Section 6.5.12.2 of
the Standard as follows:
p=9GCy— g:(GCyy) (Eq. 6-17)

where
g = g,forwindward wall
g gy, for windward and leeward walls, side walls and roof

Velocity Pressures, g5, g;, and gp, (psf)

MWFRS c&C
Height (ft) Exposure B, Case 2 Gy §; Exposure B, Case 1 s
0-15 0.57 15.01
k=20 0.62 16.32* 0.70 18.43
25 0.66 17.38

* = 16.32 psf for MWFRS
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G = Value determined from Section 6.5.8 of the Standard
G = Value obtained from Figure 6-6 of the Standard
(GCP,-) = Value obtained from Figure 6-5 of the Standard

For positive internal pressure evaluation, the Standard permits g¢; to be con-
servatively evaluated at height & (g;= g;). Section 6.5.11.1.1 of the Standard
pfermits the reduction of (GGy;) for a partially enclosed building containing
a single, unpartitioned large volume by the following factor:

i
| R =051+ ! )
14—t
\/ 22,8004,
=051+ ! y=1 (no reduction)
14+ 80x40x20
22,800 x50% (15 x 80)
\;vhere
V; = Unpartitioned internal volume
A, = Total area of openings in building envelope (50% of front wall)

Gust Effect Factor, G The gust effect factor for non-flexible (rigid) buildings is given in Section
6.5.8 of the Standard as G= 0.85.

The size of the building would not permit a reduction in Gbased on Eq. 6-4
of the Standard.

Wall External Pressure The coefficients for the windward and side walls are given in Figure 6-6 of

Coefficients (Cp) the Standard as G, = +0.8 and -0.7, respectively. The values for the leeward

(Table 3-34) wall depend on L/B; they are different for the two directions: (1) wind par-
allel to roof slope (normal to ridge), and (2) wind normal to roof slope
(parallel to ridge).

Roof External Pressure Since the building has a monoslope roof, the roof surface for wind directed

Coefficients (o) parallel to the slope (normal to ridge) may be a windward or a leeward sur-

(Table 3-35) face. The value of h/L = 0.5 in this case, and the proper coefficients are

obtained from linear interpolation for 6 = 14°.

When wind is normal to the roof slope (parallel to ridge), angle 6 = 0 and
h/L=0.25.

For the overhang, Section 6.5.11.4.1 of the Standard requires G, = 0.8 for
wind directed normal to 15-ft wall. The Standard does not address the lee-
ward overhang for the case of wind directed toward 25-ft wall and perpendic-
ular to roof slope (parallel to ridge). A G, =-0.5 could be used (coefficient
for leeward wall), but the coefficient has been conservatively taken as 0.

The building is sited in a hurricane-prone region less than 1 mi from the
coastal mean high-water level. The basic wind speed is 110 mph and the
glazing is not designed to resist wind-borne debris impact. Thus, as noted
earlier, the building must be classified as partially enclosed, despite the
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Table 3-34 Wall Pressure Coefficients (Cp)

Surface Wind direction L/B Cp
Leeward wall || to roof slope 0.5 -0.5
Leeward wall 1 toroof slope 2.0 -0.3
Windward wall - - 0.8
Side walls - - 0.7

Table 3-35 Roof Pressure Coefficients (Cp)

Wind direction h/L 0° CP

|| to roof slope 0.5 14 -0.74, -0.18** as windward slope
|| to roof slope 0.5 14 -0.50 as leeward slope

1 to roof slope 0.25 0 -0.90 (020 ft)* -0.18"" (080 fr)*

-0.50 (2040 ft)
~0.30 (40-80 ft)

*Distance from the windward edge of the roof.

*#The values of smaller uplift pressures on the roof can become critical when wind load is
combined with roof live load or snow load; load combinations are given in Sections 2.3 and
2.4 of the Standard. For brevity, loading for this value is not shown here.

openings in the walls and the roof. The internal pressure coefficients, from
Figure 6-5 of the Standard are as follows:

(GGp) = +0.55

and
(GGy) =-0.55

Typical Calculations of ~ Pressure on Leeward Wall
Design Pressures for _
MWERS (Wind Parallel P = 8GC— u(xGG)
to Slope with 15-ft =16.32(0.85) (-0.5) — (16.32) (+0.55)
Windward Wall) = —15.9 psf with positive internal pressure
(Table 3-36) and

=16.32(0.85) (-0.5) — (16.32) (-0.55)
= 2.0 psf with negative internal pressure

Pressure on Overhang Top Surface
P = uGG
=16.32(0.85) (-0.74)
=-10.3 psf

Guide to the Use of the Wind Load Provisions of ASCE7-02 69

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE Sold to: OCKHEED MARTIN SPACE SYSTEMS, 01461910
No duction or rking permitted without license from IHS Not for Resale,2004/10/18 18:6:13 GMT




Table 3-36 Design Pressures for MWFRS: Wind Parallel to Roof Slope (normal to ridge line)

External  Design pressure (psf)

Wind direction Surface Z(ft) q.(bsf) Gusteffect Cy* (+GGCp)  (-GCp)
Windward wall Windward wall 0-15 15.01 0.85 0.80 1.2 19.2
(15 fr) Leeward wall 0-25  16.32 0.85 -0.50  -15.9 2.0
Side wall All 16.32 0.85 -0.70 -18.7 -0.7
Roof - 16.32 0.85 -0.74  -19.2 ~1.3

Overhang top - 16.32 0.85 -0.74 -10.3*%*  -10.3**

Overhang bottom - 15.01 0.85 0.80 10.2%* 10.2%*
Windward wall Windward wall 0-15 15.01 0.85 0.80 1.2 19.2
(25 f) ' 15-20  16.32 0.85 0.80 2.1 20.1
20-25 17.38 ~  0.85 0.80 2.8 20.8
Leeward wall All 16.32 0.85 -0.50 -15.9 2.0
Side wall All 16.32 0.85 -0.70 ~-18.7 -0.7
Roof - 16.32 0.85 -0.50 -15.9 2.0

Overhang top - 16.32 0.85 -0.50 -6.9%¥*  -6,9%*

Overhang bottom -~ - - 0.0** 0.0%*

*External pressure calculations include G= 0.85.

**Qverhang pressures are not affected by internal pressures. The Standard does not address bottom surface
pressures for leeward overhang. It could be argued that leeward wall pressure coefficients can be applied, but
note that neglecting the bottom overhang pressures would be conservative in this application.

Pressure on Overhang Bottom Surface (same as windward wall external

pressure)
p = quCp
= 15.01(0.85)(0.8)
=10.2 psf

Note that g, was evaluated for z= 15 ft for bottom surface of overhang as G,
coefficient is based on induced pressures at top of wall.

Figures 3-28 and 3-29 illustrate the external, internal, and combined pres-
sure for wind directed normal to the 15-ft wall. Figures 3-30 and 3-31 illus-
trate combined pressure for wind directed normal to the 25-ft wall and per-
pendicular to slope (parallel to ridge line), respectively (Table 3-37).

Design Wind Load Cases  Section 6.5.12.3 of the Standard requires that any building whose wind
loads have been determined under the provisions of Sections 6.5.12.2.1 and
6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9 of
the Standard. Case 1 includes the loadings shown in Figure 3-28 through
Figure 3-31. The exception in Section 6.5.12.3 of the standard indicates that
a combination of windward (Py) and leeward (P;) loads is applied for Load
Cases 3 only since mean roof height h of the building is less than 30 ft.

70 Guide to the Use of the Wind Load Provisions of ASCE 7-02

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE Sold to:LOCKHEED MARTIN SPACE SYSTEMS, 01461910
No reproduction or 1 rking permitted withott ficense from IHS Not for Aesale,2004/10/18 18:6:13 GMT




a) 10.3 psf

_—’ )
. |, 6.9psf
ﬂ’f...» 102 psf External Pressures
10.2 psf ]
) 40 ft
b)
—
—
—tp]
Wind I “—  Ppositive Internal Pressure ~ —»
qn+GC,) = +9.(< psf ::
[ \ |
) 40ft
<) 19.2 psf \
10.3 psf ' !
Wind 102 psf Positive Internal Pressure » 159 psf
. (+GCP;) R
1.2 psf
'[ 1
A 40t

Figure 3-28 Design Pressures for MWRFS; Wind Parallel to Roof.SIope, Normal to 15-ft Wall,
and Positive Internal Pressure a., External Pressures; b,, Positive Internal
Pressure; ¢, Combined External and Positive Internal Pressure

Design Pressures The design pressure equation for C&C for building with mean roof height 4
for C&C = 60 ft is given in Section 6.5.12.4.1 of the Standard:
P=g[(GCp) - (GCy)] (Eq. 6-22)
where
qn = Velocity pressure at mean roof height associated with Expo-

sure B, Case 1 (g; = 18.43 psf, previously determined)

(GCP) = External pressure coefficients from Figures 6-11A, 6-11C,
and 6-14B of the Standard

(GCM) = +0.55 and -0.55, previously determined from Figure 6-5 of
the Standard
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a)

10.3 psf
-
6.9 psf
Wind P
S = 10:2 psf External Pressure
10.2 psf —>
[ . .
40 ft o
b)
Wi,r'\d Negative Internal Pressure
7—-——} a4-GC,) = ~9.0 psf
40 ft '
c)/ 1.3 psf
/ 10.3 psf N
‘—-——
. le—i 2.0 psf

,V_V_'E___' 10.2 psf Negative Internal Pressure

19.2 psf > ) 1

!- 7
L

Figure 3-29 D,'ésign Pressures for MWRFS; Wind Parallel to Roof Slope, Normal to 15-ft Wall
and Negative Internal Pressure a., External Pressures; b., Negative Internal
Pressure; ¢, Combined External and Negative Internal Pressure

Wall Design Pressures Since the CMU walls are supported at the top and bottom, the effective
(Table 3-38) wind area will depend on the span length.

Effective wind area:
For span of 15 ft, A= 15(15/3) = 75 £
For span of 20 ft, A = 20(20/3) = 133 i
For span of 25 ft, A = 25(25/3) = 208 fi2

Width of Zone 5 (Figure 6-11A):

<

0.1(40) = 4 ft (controls)
0.4(20) = 8 ft
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Table 3-37 Design Pressures for MWFRS: Wind Normal to Roof Slope (parallel to ridge line)

zorDistance  q*  Gust effect, Design pressure (psf)

Surface (ot (bsh G C, +(GCp)** —(GCyu)**
Windward wall 0-15 15.01 0.85 0.8 1.2 19.2
15-20 16.32 0.85 0.8 2.1 20.1
20-25  17.38 0.85 0.8 2.8 20.8
Leeward wall All 16.32 0.85 -03  -131 48
Side wall All 16.32 0.85 0.7  -187 -0.7
Roof} 0-20 16.32 085 09 215 -3.5
2040 16.82 085 -05 -159 2.0
40-80 16.52 085 -0.3  -13.1 48

*External pressure calculations include G= 0.85.
**[nternal pressure is associated with gj, = 16.32 psf.
{Distance along roof is from leading windward edge.

{Pressure on overhang is only external pressure (contribution on underside is conservatively
neglected).

Table 3-38 Wall External Pressure Coefficients (GCp)

Pressure coefficients
Zones 4 and 5 Zone 4 Zome 5
A () (+GCp) (~GCy) (-GGC,)
75 ‘ 0.85 -0.95 -1.09
133 0.80 -0.90 -1.00
208 0.77 -0.87 -0.93

but not less than

0.4(40)=1.6ft
az
3ft

Design pressures are the critical combinations when the algebraic sum of
the external and internal pressures is a maximum.

Typical Calculations for P = al(GCy) — (£GGpy)]
Design Pressures for = 18.43{(0.85) ~ (-0.55)]
15-ft Wall, Zone 4 = 25.8 psf '
(Table 3-39)

and

= 18.43[(-0.95) - (0.55)]
=~27.6 psf

The CMU walls are designed for pressures determined for Zones 4 and 5
using appropriate tributary areas.

The design pressures for doors and glazing can be assessed by using appro-
priate pressure coefficients associated with their effective wind areas.
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Table 3-39  Wall Design Pressures (psf)

Roof Design Pressures
(Tables 3-40 and 3-41)

Copyright American Society of Civil Engineers
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Design pressures (psf)
Zones 4 and 5 Zone 4 Zone 5
Wall height (ft) Positive Negative Negative
15 : 25.8 -27.6 ~-30.2
20 24.9 -26.7 ~28.6
25 24.3 -26.2 -27.3

Note: g, = 18.43 psf.

Effective wind area:

Roof joist:
A= (41.2)(5) =206 £t
or
= (41.2)(41.2/3) = 566 ft> (controls)
Roof panel:
A= (5)(2) = 10 £t (controls)
or

= (5)(5/3) = 8.3 ft2

Had the effective wind area of the roof joist been greater than 700 fi?, its
external pressure coefficients (GC,) would still have been determined on
the basis of components and claddmg The statement in Section 6.5.12.1.3
of the Standard, in which provisions for MWFRS may be used for a ngor
component, is valid only when the tributary area is greater than 700 fi2. The
tributary area for the roof joist is 242 fi2,

Section 6.5.11.4.2 of the Standard requires that pressure coefficients for
components and cladding of roof overhangs be obtained from Figure
6-11C. Note that the zones for roof overhangs in Figure 6-11C are different
from the zones for a monoslope roof in Figure 6-14B.

Width of zone distance a:

< 0.1(40) = 4 ft {controls)
" 10.4(20) = 8ft

but not less than

S 0.4(40)=1.6 ft
T8 ft

The widths and lengths of Zones 2 and 3 for a monoslope roof are shown in
Figure 6-14B of the Standard (they vary from a to 4a); for overhangs, widths
and lengths are shown in Figure 6-11C.

Similar to the determination of design pressures for walls, the critical
design pressures for roofs are the algebraic sum of the external and internal
pressures. The design pressures for overhang areas are based on pressure
coefficients obtained from Figure 6-11C of the Standard.
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Table 3-40 Roof External Pressure Coefficients (GCp), 6 = 14°

Pressure coefficient, Figure 6-14B

Zones 1, 2, and 3 Zone 1 Zone 2 Zone 3

Component A (f%) (+GC,) (-GCp) (~GCp) (-GCy)
Joist panel 566 0.3 -1.1 -1.2 2.0
10 0.4 -1.3 -1.6 -2.9

Pressure coefficient, Figure 6-11C

Zones 1, 2, and 3 Zone 1 Zone 2% Zone 3%

(+GGCy) (-GCy) (-GCy) (-GCy)
Joist panel 566 0.3 -0.8 -2.2 -2.5
10 0.5 -0.9 -2.2 -3.7

* Values are from overhang chart in Figure 6-11C

Table 3-41 Roof Design Pressures (psf)

Design pressures (psf)
Zomes 1, 2, and 3* Zone 1 Zone 2 Zone 3
Component Positive Negative Negative Negative
Joist 15.7 -30.4 -32.2 —47.0
Joist overhang 10.0%* -14.7 —40.6 -46.1
Panel 175 ~34.1 -39.6 -63.6
Panel in overhang 10.0%* -16.6 —40.6 -68.2

Notes: g), = 18.43 psf
*Zones for overhang are in accordance with Figure 6-11C of the Standard.

**Section 6.1.4.2 of the Standard requires minimum of 10 psf.

Typical Calculations for ~ Zone 2:

Joist Pressures p = Qh[(GCp) - (iGCpi)]

=18.43[(0.3) — (-0.55)]
=15.7 psf

and

=18.43[(~1.2) - (0.55)]
=~32.2 psf

Zones for the monoslope roof and for overhang are shown in Figure 3-32.
The panels are designed for the pressures indicated.

Roof joist design pressures need careful interpretation. The high pressures
in corner or eave areas do not occur simultaneously at both ends. Two load- -
ing cases: wind loadings 1, 2 for joist 1 and wind loadings 3, 4 for joist 2, are
shown in Figure 3-32 based on the following zones:

¢ Joist 1, loading 1: Zones 2 and 3 for roof and Zone 2 for overhang
e Joist 1, loading 2: Zone 2 for roof and Zones 2 and 3 for overhang
* Joist 2, loading 3: Zones 1 and 2 for roof and Zone 1 for overhang
e Joist 2, loading 4: Zone 1 for roof and Zones 1 and 2 for overhang

For simplicity, only one zone is used for overhang pressures in Figure 3-32.
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Figure 3-32 Design Pressures for Typical Joists and Pressure Zones for Roof Components

and Cladding
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3.9 Example9 U-Shaped Apartment Building

This example demonstrates calculation of wind loads for a U-shaped apartment
building, shown in Figure 3-33. Data for the building are provided below:

Location: Birmingham, Alabama

Topography: Homogeneous

Terrain: Suburban

Dimensions: 170 ft x 240 ft overall in plan
Roof eave height of 30 ft

Hip roof with 5 on 12 pitch

Framing: Typical timber construction
Wall studs are spaced at 16 in. on center, 10 ft tall
Roof rafters are spaced at 16 in. on center, spanning 15 ft between
interior or exterior bearing walls
Floor and roof slabs provide diaphragm action

Cladding: Location is outside a wind-borne debris region, so no glazing protec-
tion is required. Window units are 3 ft x 4 ft

The building is non-symmetrical, and therefore is ineligible for design by
Method 1, Simplified Procedure, of ASCE 7-02. Method 2, Analytical Proce-
dure is used. The building is less than 60 ft tall, so it is possible to use low-
rise provisions of Section 6.5.12.2.2. However, because U-, T-, and L-shaped

70 ft

&
o
2| ® ©
&
o
<
& 12
< |5
d:_‘r—
\qd:
¥ 3
ol

70 ft 100 ft 70 ft
240 ft

Figure 3-33  240-ft x 170-ft U-shaped Apartment Building
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Exposure

Building
Classification

Enclosure

Basic Wind Speed

Velocity Pressures
(Table 3-42)

Table 3-42
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buildings are not specifically covered, the adaptation of the low-rise
“pseudo pressure” coefficients to buildings outside the scope of the
research is not recommended. Therefore, use the “all heights method” of
Section 6.5.12.2.1 of the Standard.

The building is located in a suburban area; according to Section 6.5.6.3 of
the Standard, Exposure B is used.

The building function is residential. It is not considered an essential facility,
nor is it likely to be occupied by 300 persons in a single area at one time.
Therefore, building Category Il is appropriate (see Table 1-1 of the Standard).

The building is designed to be enclosed. It is not located within a wind-
borne debris region, so glazing protection is not required.

Selection of the basic wind speed is addressed in Section 6.5.4 of the Stan-
dard. Birmingham, Alabama, is located just inside the 90-mph contour; there-

fore, the basic wind speed V=90 mph (see Figure 6-1b of the Standard).

The velocity pressures are computed using the following equation:

g, = 0.00256K,K,, K; V2T psf (Eq. 6-15)
where
K, = Value obtained from Table 6-3 of the Standard: Case 1 for C&C

and Case 2 for MWFRS
= 1.0 for homogeneous topography
0.85 for buildings (see Table 6-4 of the Standard)
V= 90 mph
1.0 for Category II classification (see Table 6-1 of the Standard)

&
ot

by
]

g, = 0.00256K,,(1.0) (0.85) (90)2(1.0)
= 17.63K, psf

Values for K, and the resulting velocity pressures are given in Table 3-42
below. The mean roof height is the average of the eave and the peak:

h= (30 +44.6) / 2=37.3ft
At the mean roof height, h = 37.3 ft; the velocity pressure is g5, =13.2 psf.

g, Velocity Pressures

MWEFRS C&C
Height (f}) K, 2 () K, 7. (75)
0-15 0.57 10.1 0.70 12.3
20 0.62 10.9 0.70 12.3
30 ’ 0.70 12.3 0.70 12.3
Mean roof ht = 37.3 0.75 13.2 0.75 13.2
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External

Pressure

Coefficients (C, P )

Table 3-43

The values for the external pressure coefficients for the various surfaces
(Tables 3-43 through 3-46) are obtained from Figure 6-6 of the Standard for
each of the surfaces in Figure 3-34. The determination of certain pressure
coefficients is based on aspect ratios. Even though this U-shaped building
will be broken into pieces for the application of pressures, the overall
dimensions have greater influence on the MWFRS pressure coefficients
than the dimensions of the individual pieces. Therefore, the overall dimen-
sions L and Bare used.

When the wind is normal to wall W2, the wind blows over the “A” wing,
crosses the courtyard in the middle of the U, and strikes the “C” wing.
Although some reduction in the pressures on the “C” wind may occur due
to the shielding offered by “A,” it is impossible to predict without a wind
tunnel study. Therefore, the pressures on the “C” wind are taken as the
same as on the “A” wing.

For wind normal to surface W2 or W4:
L/B=240/170 =1.41
h/L=373/240=0.16

'8 =22.6° for a 5-in-12 slope

For wind normal to surface W3 or W1-W7-W5:
L/B=170/240=0.71
h/L=373/170=0.22
6 = 22.6° for a 5-in-12 slope

The windward wall CP is always 0.8, the side walls are -0.7, and the leeward
wall varies with the aspect ratio L/B.

External Pressure Coefficients (Cp) for Wind Normal to Walf W2

Surface L/Bor
Surface type designation Surface Case h/L Gy
Walls W2, Wé Windward All +0.80
W4, W8 Leeward 1.41 ~0.42
W1, W3, W5, W7  Side All -0.70
Roofs (L Al, C2 Windward Negative 016 -0.25
to ridge) Positive 016  +0.25
A2, C1 Leeward 016  -0.60
Roofs (J|to  A3,C3 Side Otoh 016  -0.90*
ridge) hto 2h 0.16  -0.50%
B1, B2 Side Otk 0.16  -0.90%*
hto 2h 0.16  -0.50*
>2h 0.16  -0.30%

*The values of smaller uplift pressures (C, = -0.18) on the roof can become critical when
wind load is combined with roof live load or snow load; load combinations are given in Sec-
tions 2.3 and 2.4 of the Standard. For brevity, loading for this value is not shown here.
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Table 3-44

Table 3-45

Table 3-46
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External Pressure Coefficients (Cp) for Wind Normal to Wall W4

Surface L/Bor
Surface type designation Surface Case k/L Gy
Walls W4, W8 Windward All +0.80
W6, W2 Leeward 1.41 -0.42
W1, W3, W5, W7  Side All -0.70
Roofs (L Cl, A2 Windward Negative 016  -0.25
to ridge) Positive 016  +0.25
C2, Al Leeward 0.16 -0.60
Roofs (J[to  A3,C3 Side Otoh 0.16 -0.90
ridge) hto 2h 0.16  -0.50
B1, B2 Side Otoh 0.16 -0.90
hto 2k 0.16 -0.50
>2h 0.16 -0.30
External Pressure Coefficients (C,) for Wind Normal to Wall W3
Surface L/Bor
Surface type designation Surface Case h/L Gy
Walls w3 Windward All +0.80
W1, W7, W5 Leeward 0.71 -0.50
W2, W4, W6, W8  Side All -0.70
Roofs (L to Bl Windward Negative 0.22 ~0.25
ridge) Positive 022  +0.25
A3,B2,C3 Leeward 0.22 (.60
Roofs (J[to  Al, A2,C1,C2 Side Otoh 0.22 -0.90
ridge) hto 2h 0.22  -0.50
>2h 0.22 -0.30
External Pressure Coefficients (Cp) for Wind Normal to Wall W1-W7-W5
Surface L/Bor
Surface type designation Surface Case h/L Gy
Walls W1, W7, Ws Windward All +0.80
W3 Leeward 0.71 -0.50
W2, W4, W6, W8  Side All -0.70
Roofs (L to A3,B2,C3 Windward Negative 0.22 -0.25
ridge) Positive 022  +0.25
Bl Leeward 0.22 ~0.60
Roofs (Jlto  Al, A2,C1,C2 Side Otoh 0.22 -0.90
ridge) hto 2k 022  -0.50
>2h 0.22 -0.30
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Figure 3-34 Surface Designations

The roof Cys for wind normal to a ridge vary with roof angle and aspect
ratio, k/L. /L = 0.25 for all wind directions. The roof angle 0 is always
22.6°, so interpolate between 20° and 25°. The G, for wind parallel to a
ridge varies with k/L and with distance from the leading edge of the roof.

Design Wind The design pressures for this building are obtained by the equation
Pressures for the
MWEFRS p=9GCy— 4(GCy) (Eq. 6-17)
where
q = ¢, for windward wall at height z above ground
q = g, = 13.2 psf for leeward wall, side walls, and roof
q; = qy = 13.2 psf for all surfaces since the building is enclosed
G = 0.85, the gust effect factor for rigid buildings and structures
Gy = External pressure coefficient for each surface as shown in
Tables 343 through 3-46
(GCp,-) = £0.18, the internal pressure coefficient for enclosed buildings
For windward walls:

P = GGy~ u(GCy)
= ¢,(0.85) G, - 13.2(20.18)
=0.85¢,C, + 2.4

For all other surfaces:

p = GGy~ qu(GCy)
=13.2(0.85) Cp—- 13.2(+0.18)
=11.2C,+ 24
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Design Wind Load

Cases

Design Pressures
for C&C

Wall Design Pressures
(Table 3-51)

Table 3-47
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Section 6.5.12.3 of the Standard requires that any building whose wind
loads have been determined under the provisions of Sections 6.5.12.2.1 and
6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9.
Case 1 includes the loadings determined in this example and shown in
Tables 347 and 3-50. A combination of windward (Py) and leeward (F;)
loads are applied for Load Cases 2, 3, and 4 as shown in Figure 3-35.

Design pressure for C&C is obtained by the following equation:

p= a4l(GCy - (GCy)] (Eq. 6:22)
where
qx = 13.2 psf for Case 1

(GCP) = External pressure coefficient (see Figure 6-11 of the Standard)
(GGy) = 0.18, the internal pressure coefficient for enclosed buildings

The pressure coefficients (G(,) are a function of effective wind area. The
definition of effective wind area for a C&C panel is the span length multi-
plied by an effective width that need not be less than one-third the span
length (see Section 6.2 of the Standard). The effective wind areas, A, for
wall components are as follows:

Window Unit:

A=3(4) = 12 £t (controls)

External Pressures for Wind Normal to Wall W2

External  Design pressures
pressure (sh)

Surface z0r% q
Sutface type  designation 2 tsh G (sf)  (+GCy) (-GCyy)
Walls W2, W6 0to15 10.1  +0.80 +69  +45 493
20 109 +0.80 +74 +5.0 +9.8
30 123 +0.80 +8.4  +6.0  +108
W4, W8 0 to 30 132 -042 47  -11 -2.3
W1, W3, 0to 30 132 -070 -79 -103  -55
W5, W7
Roofs (L Al, C2 132 -025 -28 52 04
to ridge) 132 +025 +28 404 452
A2,Cl1 132 -060 -67  -9.1 -4.3
Roofs (|| to A3, C3 0t087.3 132 -090 -10.1 -125  -7.7
ridge) 3731070 132 -050 -56 -80  -32

Bl & B2 010 37.3 132 -090 -10.1 -12.5 1.7
373t0746 132 -050 -5.6 -8.0 -3.2
746t0240 132 -030 -34 ~5.8 -1.0
Note: g, =13.2 psf; G=0.85.
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Table 3-48 FExternal Pressures for Wind Normal to Wall W4

External  Design pressures

Surface zorx q pressure (s

Surface type  designation i s G (sf) (+GCy) (-GCp)
Walls W4, W8 0t 15  10.1 +0.80 +6.9 +4.5 +9.3
20 109 +0.80 +7.4 +5.0 +9.8
30 12.3 +0.80 +8.4 +6.0  +10.8
W6, W2 0030 132 -042 4.7 7.1 -2.3

W1, W3,

W5, W7 0to30 13.2 -0.70 -79 -103 -5.5
Roofs (L to C1, A2 13.2 025 -28 -5.2 0.4
ridge) 13.2 +025 428 +0.4 +5.2
C2, Al 13.2 060 -6.7 -9.1 4.3
Roofs (|| to A3,C3 0t037.3 13.2 -090 -101 -125 ~7.7
ridge) 373070 132 -050 -5.6 -8.0 -3.2
B1, B2 00373 132 -090 -101 -125 7.7

37.3t0746 132 -050 -5.6 -8.0 -3.2
74610240 132 -030 -34 -5.8 -1.0

Note: q; = 13.2 psf; G=0.85.

Table 3-49 External Pressures for Wind Normal to Wall W3

External ~ Design pressures
pressure (psh

Surface z q
Surface type _ designation  (f}) bs) G (ps)  (+GCp) (-GCp)
Walls W3 0to15 101 +0.80 +69  +45 +9.3
20 109 +0.80 +7.4 +5.0 498
30 . 123 +0.80 +8.4  +60  +10.8
WL, W7, W5 0to30 132 -050 -56 -80  -32
W2, W4,
W6, W8 0to30 132 -0.70 -79 -103 -5.5
Roofs (L to Bl 132 -025 -28 52 -04
ridge) 13.2 +0.25 428 +0.4 +5.2
A3, B2, C3 132 -0.60 -6.7 -9.1 43
Roofs (| to A1,A2,Cl, 00373 132 -090 -101 -125  -77
ridge) C2 37310746 132 -050 -5.6 -8.0 -3.2

74610170 132 -030 -3.4 -5.8 -1.0

Note: g5 = 13.2 psf; G=0.85.
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Table 3-50 External Pressures for Wind Normal to Wall W1-W7-W5

Figure 3-35
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External ~ Design pressures
Surface z q pressure (s
Surface type  designation 10, ) Gy (bs)  (+GCp) (~GCp)
Walls WI,W7,W5 0tol5 101 +0.80 +69 +4.5 +9.3
20 109 +0.80 +74 +5.0 +9.8
30 123 +0.80 +8.4 +6.0  +10.8
w3 0030 132 -050 -56 -8.0 -3.2
W2, Wi,
W6, W8 0030 132 -070 -79 -103 55
Roofs (L to A3, B2, C3 132 -025 28 -5.2 0.4
ridge) 132 +025 428 404  +52
Bl 182 -0.60 6.7 -9.1 4.3
Roofs (|| to Al, A2, 0t037.3 132 -090 -101 -125 7.7
ridge) Cl, C2 373t0746 132 -050 -56 -80  -3.2
74610170 132 -0.30 -84 -5.8 -1.0
Note: ¢q; = 13.2 psf; G=0.85.
Py 0.75P,,
EEREER! IREREREN!
- ] s 1
o O e O e RN - i
- | ol b | o - ) o
P Pux Py L H 0.75P,, H
Case 1 Case 3
B, =240t B, =240t
0.75Pwy 0.563P,
IERENER ITTrf”rrM
H o B | Y mm B
[ I I Ey. - i 8L 2
@’ ot | ] 0] © |l |l
0.75P, 0.75P,, 11 K] 1)
0.75P, 0.563P,,
Case 2 Caseq
M;=0.75(P,p+ P, ) X 170 x (£25.5 ft) M;=0563(P, + P,,) X 170X (£25.5 ft)
e,=+255ft +0.563(P,,, + P,,) X 240 X (36 ft)

M, = 0.75(Pyy + P,y) x 240 x (36 ft)
e,=136ft

e,=1255ft e, =136t

Design Wind Load Cases for Wind Normal to Wall W2 and W3
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Table 3-51 Wali (GC)) for Ex. 9

GG,

Zones 4 and 5 Zone 4 Zone 5
Component A (+GCy) (-GC,) (-GCy)
Window 12 +0.99 -1.09 -1.37
Wall Stud 33.3 +0.91 -1.01 -1.22

Table 3-52 Controlling Design Pressures for Wall Components (psf)

Design pressure (psf)
Zone 4 Zone 5
Component Positive Negative Pesitive Negative
Window unit +15.4 -16.8 +154 -20.5
Mullion +14.4 -15.7 +144 ~18.5

Wall Stud:
larger of
A=10(1.33) =13.3 ft?
or
A=10(10/3) = 33.3 ft> (controls)
Width of Corner Zone 5:
smaller of
a=0.1(170) =17 ft
or
a=01(240) =24 ft
or

a=0.4(87.3) = 14.9 ft (controls)
but not less than the smaller of
a=0.04(170) =6.8 ft
a=0.04(240) = 9.6 ft
and not less than
a=31ft

Typical Design Pressure  Controlling negative design pressure for window unit in Zone 4 of walls:
Calculations =13.2[(~1.09) — (+0.18)]

{Table 3-52) =~16.8 psf (positive internal pressure controls)

Controlling positive design pressure for window unit in Zone 4 of walls:
=13.2[(+0.99) — (+0.18)]
= 15.4 psf (negative internal pressure controls)

The design pressures are the algebraic sum of external and internal pres-
sures. Controlling negative pressure is obtained with positive internal pres-
sure, and controlling positive pressure is obtained with negative internal
pressure.

The edge zones for the walls are arranged at exterior corners, as shown in
Figure 3-36.
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Figure 3-36 Component and Cladding Wall Pressure Zones

Roof Design Pressures
(Tables 3-53 and 3-54)

Table 3-53
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The C&C roof pressure coefficients are given in Figure 6-11 of the Stan-
dard. The pressure coefficients are a function of the effective wind area.
The definition of effective wind area for a component or cladding panel is
the span length multiplied by an effective width that need not be less than
one-third the span length (see Section 6.2 of the Standard). The effective

wind areas, A, for the roof rafters are as follows:

Roof Rafter:
larger of
A=15(1.33) = 20 ft?
or
A=15(15/3) =75 ft2 (controls)

Note 7 of Figure 6-11C of the Standard says that for hip roofs with 8 = 25°,

Zone 3 may be treated as Zone 2.

The design pressures are the algebraic sum of external and internal pressures.
Controlling negative pressure is obtained with positive internal pressure, and

controlling positive pressure is obtained with negative internal pressure.

The edge zones for the hip roof are arranged as shown in Figure 3-37.

Roof External Pressure Coefficients (GCP)

External pressure coefficient
Positive Negative
Zones 1, 2 Zone 1 Zone 2
A () GC, GC, ~GC,
75 +0.32 -0.81 -1.26
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Table 3-54 Roof Design Pressures (psf)

Design pressure (psf)
Zones 1, 2 Zone 1 Zone 2
Component Positive Neguative Negative
Roof rafter +6.6 -13.1 -19.0

Figure 3-37 Component and Cladding Roof Pressure Zones

3.10 Example 10 50-ft x 20-ft Billboard Sign on Poles (Flexible) 60 ft Above
Ground

In this example, design wind-forces for a tall billboard solid sign are deter-
mined. The example illustrates two items: (1) determination of Gf for a
flexible structure, and (2) use of force coefficient for other structures. The
dimensions of the billboard sign are shown in Figure 3-38. The billboard
sign data are as follows:

Location: Interstate highway in Iowa

Terrain: Flat and open terrain

Dimensions: 50-ft x 20-ft sign mounted on two 16-in.-diameter steel pipe sup-
ports; bottom of the sign is 60 ft above ground

Structural Tall flexible structure; estimated fundamental frequency is 0.7

characteristics: Hz and critical damping ratio is 0.01
(The natural frequency of a structure can be calculated in different ways.
1t has been predetermined for this example.)

Exposure and The sign is located in an open area. It does not fit Exposures B or D; there-
Building fore, Exposure C is used (see Sections 6.5.6.2 and 6.5.6.3 of the Standard).
Classification
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Pon't Drink
. 20ft
and Drive
10t 30ft 10 ft
60 ft

VTN TN INTIRN N TINTINY NI IN TINVTIN IANTINV/N

Figure 3-38 Dimensions of a Billboard Sign on an Interstate Highway

Failure of the sign represents low hazard to human life since it is located
away from the highway and is not in a populated area. The structure can be
classified as Category I (see Table 1-1).

Basic Wind Speed The wind speed map (Figure 6-1 of the Standard) has only one value of
wind speed in the middle of the country. Exact location of the sign in Iowa
is not important. The basic wind speed V=90 mph.

Velocity Pressures The velocity pressures are computed using the following equation:
(Table 3-55) 9
g, =0.00256 K, K, K, V2 I'psf (Eq. 6-15)
where
V = 90 mph
I = 0.87 for Category I (see Table 6-1 of the Standard)

K,; = 1.0 because of flat terrain
K; = 0.85 for solid sign (see Table 64 of the Standard)
K, = Values from Table 6-3 of the Standard for z of 30, 60, and 80 ft.

More divisions of z are not justified because loads on pipe
supports are small compared to the ones on the sign.

Table 3-55 Velocity Pressures (psf)

Height (f) K, 4. (Psf)
30 0.98 15.0
60 1.13 17.3
80 1.21 18.6
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Design Force for The design force for the MWFRS is given by

MWEFRS F= g,GC/A; (Eq. 625)
where ‘

g, = Value as determined previously

G = Gusteffect factor to be calculated by Eq. 64 because f< 1 Hz.

Af = 50 x 20 =1,000 ft2; for normal and oblique wind, see Note 4 in
Figure 6-20 of the Standard

C; = Force coefficient values from Figures 6-19 and 6-20 of the Stan-
dard

Force Coefficient (Cg) This sign qualifies as an above ground-level sign (see Figure 6-20 of the
Standard):

M/N=25
Cr=12
The supports are round. From Figure 6-19 of the Standard:

D.Jg, =1.33/15.0 =5.2>25

and
h/D=60/1.33 = 45
For moderately smooth surface:

Cr = 0.7

Gust Effect Factor (G) The gust effect factor, G, is determined from Eq. 6-8:

1+1.7I;,/ 202 + g3 R?
G=0.925[ 8oQ * &k }

1+1.7g, I,

where

Value from Eq. 6-5 of the Standard

= Value taken as 3.4 (see Section 6.5.8.2 of the Standard)

Value from Eq. 6-9 of the Standard

= Value determined from Eq. 6-6 of the Standard

Value determined from Eq. 6-1 of the Standard

Equivalent height of the structure, it is used to determine
nominal value of I; for buildings, the recommended
value is 0.64, but for the sign, it is the middle of the bill-
board area or 70 ft

Value given in Table 6-2 of the Standard

T~
1

z

il

Q> 8v
8r
Q
R
z

it

¢l E

Y% %
I =c¢ (;5:3_) =02 (é?i) *=0.176 (Eq. 6-5)
Z 70
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& %
L =1 (—"—) =500 (70) =581 ft (Eq. 6-7)
33 33

2_ '
Q (B4 h]o.ss (Eq. 6-6)

= =0.858

- .63
1+0.63 50+20T
581

Note: In Eq. 6-6, Band hare the dimensions of the sign.

_ 88 70 V65
= Eq. 6-14
V. =b (33) V(m) 0.65 (33) (90)( ) 96.3 (Eq )

Note: Vis the basic (3-s gust) wind speed in mph.

mL; (0.7)(581)
N1= = =
Vi 96.3

z

=4.22 (Eq. 6-12)

Note: n; is the fundamental frequency of the structure.

747N,
(1+10.3N, 5 (Eq-&11)
For Rlv
e kB _ (46)(0.7)(80) _, o
Vi 96.3
R --1—-—-—1—(1 -€21)=0.3043 (Eq. 6-13a)
h n 2 q-

Note: % is taken as 80 ft because resonance response depends on full height.
For Rp (assuming B = 50 ft),

_46mB _ (4.6)(0.7) (50)
V; 96.3

z

=1.672 (Eq. 6-13a)

RB-~1————1-(1 ) =0.4255

n 2
For R; (assuming depth L=2 ft),

_154mL  (15.4)(0.7)(2)
A 96.3

z

=0.2239 (Eq. 6-13a)

R ==-——(1-¢)=0.8661
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Design Force

Limitation

Force on
Components and
Cladding

0577
=,/2In(3,600n,) + T 600n1 (Eq. 69)
gR 4 l
R?= %R,RhRB(O.BB +0.47R;) (Eq. 6-10)

—%—1-(0.0564) (0.3043) (0.4255)[ 0.53+(0.47) (0.8661) ]

R? =0.684
[1+1.71, [g3Q% + g3 R?
G, =0.925 80 *&r (Eq. 68)
1+1.7¢g,I;

=0.925

[ 1+1.7(0.176)J(3.4)2(0.858) + (4.1)2(0.684)
1+1.7(3.4) (0.176)

b

=1.093

Force, F= q,G{CA¢

For one support:
0to30ft F=15.0(1.093)(0.7) (1.33) = 15.3 plf
30 to 60 ft F=17.3(1.093)(0.7) (1.33) = 17.7 pIf

For two supports:
0to 30 ft F=30.6 pif
30 to 60 ft F=354plf

For a 1-ft horizontal strip of the sign:
F=18.6(1.093) (1.2) (50) = 1,220 plf

The force on the sign follows two cases (see Figure 3-39):
1. Force at geometric center
2. Force at 0.2(50) = 10 ft on either side of geometric center (see Note
4, Figure 6-20, of the Standard)

In certain circumstances for circular members, across-wind response due to
vortex shedding can be critical. The Standard does not provide a procedure
to assess across-wind response, but suggests obtaining guidance from recog-
nized literature (see Section 6.5.2 of the Standard).

Eq. 6-25 of the Standard is
F= qZGCfAf

The values of g, are the same as MWFRS, except the value of G = 0.85. The
design forces can be determined using appropriate Grand Agfor each com-
ponent or cladding panel.
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— 80 ft Case1
T

1220 pif :
Y _Line of

— 60 ft : Force
— 251t ‘AL 25ft b

Case 2

|
i

i
F_Line of
: Force

TT30ft

*combined for two supports —t 15ft 35ft

y

Figure 3-39 Design Forces for the Billboard Sign

3.11 Example 11 Domed Roof Building

Exposure
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Figure 340 illustrates the domed roof building used in this example. Build-
ing data are as follows:

Location: Baton Rouge, Louisiana
Topography: Homogeneous
Terrain: Open
Dimensions: 100 ft diameter in plan
Eave height of 20 ft
Dome roof height of 50 ft
Framing: Steel framed dome roof
Metal deck roofing
Cladding:  Location is outside a wind-borne debris region, so no glazing protec-

tion is required

Domed roofs are outside the scope of Method 1, Simplified Procedure, of
ASCE 7-02. Method 2, Analytical Procedure, is used. The building is less
than 60 feet tall, so it is possible to use low-rise provisions of Section
6.5.12.2.2. However, because dome-shaped roofs are not specifically cov-
ered, the adaptation of the low-rise “pseudo pressure” coefficients to build-
ings outside the scope of the research is not recommended. Therefore, the
“all heights method” of Section 6.5.12.2.1 of the Standard is used.

The building is located in an open terrain area; according to Section 6.5.6.3
of the Standard, Exposure C is used.
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Figure 3-40

Building
Classification

Enclosure

Basic Wind Speed

Velocity Pressures

1
¢
]
A 2 C
[~
[
o~
B
B
A : c
B
100 ft -

100-ft Diameter Domed Roof Building

The building is a church, so it will have more than 300 people congregating
in one area. Therefore, building Category III is appropriate (see Table 1-1
of the Standard).

The building is designed to be enclosed. It is not located within a wind-
borne debris region, so glazing protection is not required.

Selection of the basic wind speed is addressed in Section 6.5.4 of the Stan-
dard. Baton Rouge, Louisiana, is located halfway between the 100-mph and
110-mph contours; therefore, the basic wind speed V=105 mph (see Figure
6-1b of the Standards).

The velocity pressures are computed using the following equation:

g, = 0.00256K.K,, K;V2I psf (Eq. 6-15)
where
K, = Value obtained from Table 6-3 of the Standard: Case 1 for C&C

and Case 2 for MWERS

K,;, = 1.0 for homogeneous topography

K; = 0.95 for round tanks and similar structures (see Table 6-4 of
the Standard)

V= 105 mph

I = 1.15 for Category IIl classification (see Table 6-1 of the Standard)
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Table 3-56 g, Velocity Pressures

MWEFRS C&C
Height (f) K, g. (ps) K, g. (psf)
0-15 0.85 26.2 0.85 26.2
Eave height = 20 0.90 27.1 0.90 27.7
Top of dome = 50 1.09 33.6 1.09 33.6

g, = 0.00256K,(1.0) (0.95) (105)2(1.15)
=30.8 K, psf

Values for X, and the resulting velocity pressures are given in Table 3-56.
Wall pressures will be evaluated at mid-height = 20 ft/2 = 10 ft / 15 ft; use ¢,

at 15 ft.
Design Wind The walls of a round building are not specifically covered by the Standard.
Pressures for the The values for the force coefficients for round tanks and chimneys from
MWFRS Figure 6-19 are used to determine the effect of the wall pressures on the
MWEFRS. The values of the force coefficients for round tanks vary with the
Wall Pressures aspect ratio of height to diameter and with the surface roughness.

The value of g, varies from 26.2 psf at the ground to 27.7 psf at the eave line.
Therefore, the ratio D\/; varies from 1004/26.2 =512 to 100/27.7 =527,
both of which are much greater than 2.5; therefore, the first set of values for
Gy for round tanks in Figure 6-19 of the Standard is used. Any projections
on the exterior skin of the building are assumed to be less than 2 ft; there-
fore, D'/ D would be less than 2 ft/100 ft = 0.02, so the building is consid-
ered moderately smooth. The height of the entire structure (& = 50 ft) is
used for the aspect ratio, since the wind has to travel over the dome. There-
fore, h/D = 50 £t/100 ft = 0.5, which is less than 1, resulting in Cf= 0.5.

The force on the walls represents the total drag of the wind on the walls of
the building, both windward and leeward. Since it is not the typical pres-
sures applied normal to the wall surfaces, ignore internal pressures, as they
cancel out in the net drag calculation.

Total drag force on walls = F= ¢,GCrAr (Eq. 6-2b)
where

g, = qatthe centroid of Ag— centroid of Ayis at wall mid-height = 20

ft/2=10ft

qg = 26.2 psf (at 10 ft)

G = 0.85, the gust effect factor for rigid structures

G =05

Ar = 100 ftx 20 ft = 2,000 sf

Total drag force on walls = F= 26.2(0.85) (0.5) (2,000) = 22,270 1b
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