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CHAPTER I 

INTRODUCTION 

One of the principal environmental loads acting on 

above-ground structures is that due to the wind. Accurate 

determination of design wind loads is important in achieving 

safety that is consistent with economy of construction. In 

professional practice throughout the world, design wind 

loads for a vast majority of structures are evaluated on the 

basis of wind load provisions specified in standards and 

codes. Each country generally develops its own standard or 

code for wind load. 

The subject of this thesis is a comparative study of 

the wind load provisions specified in the major national 

standards.^ The basic premise is that two structures of 

identical shape and size and subjected to the same wind en

vironment will experience the same wind effects and should 

be designed for the same wind loads even though they may be 

located on two different continents. In order to test this 

hypothesis, the wind load provisions of four national stan

dards are compared: 

^ As used herein, standard refers to any consensus document, 
including codes. 



1. American National Standard ANSI A58.1-1982 (1)^ 

2. Australian Standard SAA 1170, Part 2-1983 (2) 

3. British Standard CP3 wind loads, 1972 (3) 

4. National Building Code of Canada, 1980 (4) 

These standards are developed on the basis of research and 

prevalent professional practice in their respective coun

tries. Since they are developed independently, a comparison 

of provisions in the standards provides a measure of the so

phistication achieved in addressing wind loads. 

Each standard is developed by a committee specifically 

formed to write the standard. The provisions in a standard 

are arrived at by a consensus within the committee. Because 

provisions in a standard are intended to cover a wide va

riety of structures, its language often leaves room for in

terpretation. In this comparative study, provisions of the 

four standards are used as interpreted by the author. 

The general approaches to wind load determination 

adopted by the four standards are summarized in Chapter II. 

The factors related to free-field wind pressure are dis

cussed in Chapter III for each standard, with particular 

reference to differences in provisions. The factors related 

to wind-structure interaction are presented in Chapter IV. 

^ Number within parenthesis indicates the corresponding ref
erence given in the "List of References." 



Because wind load parameters are used differently in each of 

the four standards it is not possible to make a simple pa

rameter-by-parameter comparison. Instead a case study is 

conducted in order to obtain a quantitative comparison of 

the four standards. Chapter V contains the results of the 

case study. The wind loads are calculated for frames, com

ponents and fasteners of a one-story flat-roof rectangular 

building that is 100 ft long, 50 ft wide and 20 ft high. 

Details of the wind load calculations are contained in the 

Appendix. This simple case study highlights significant 

differences in the provisions of the standards. The con

cluding chapter indicates similarities and differences in 

provisions of the four standards. 



CHAPTER II 

GENERAL APPROACH TO DETERMINATION OF 
WIND LOADS 

Wind induced pressure on a structure is a function of 

wind properties as well as shape and size of the structure. 

Design wind pressure p acting normal to a surface can be ex

pressed as 

p = {1/2 p (KiK2V)2}GC (1) 

where 

p = design wind pressure (psf or N/m^) 

p = air mass density (slugs/ft^ or kg/m^) 

V = reference Wind speed (mph or m/s) at a standard height 

in an open terrain with a specified annual probability 

of occurrence 

K, = factor to account for other probabilities of occurrence 

K2 = factor to account for effect of terrain roughness and 

height above ground 

G = gust related factor 

C = pressure coefficient to account for shape and size of 

structure 

The quantity within brackets in Equation (1) represents 

the conversion of the kinetic energy of wind speed to static 



wind pressure. This quantity is independent of the 

structure's shape or size and hence may be termed free-field 

wind pressure (see Chapter III). 

Wind speed fluctuates in a random manner with time as 

shown in Figure 1. In determining design wind pressure, the 

wind can be thought to have a mean component and a fluctuat

ing component. Reference wind speed V in Equation (1) is a 

mean value. It must be expressed as a function of averaging 

time. The four standards use reference wind speeds with 

different averaging times. 

The reference wind speed adopted for a location is 

based on the past records. The annual extreme value records 

are used as data to obtain a wind speed probability model by 

fitting an appropriate extreme value distribution function. 

Wind speeds associated with specific annual probability of 

occurrence are obtained from the wind speed probability mod

el. In Equation (1) the wind speed modifying factor K̂  is 

related to probability of occurrence. 

Mean wind speed is also dependent on terrain roughness 

and height above ground. The four standards use reference 

wind speeds that are related to a height of 10 meters above 

ground. The factor K2 in Equation (1) acounts for terrain 

roughness and height above ground. Wind speed averaging 

time and factors K̂  and K2 are discussed in Chapter III. 
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Figure 1: Typical Wind Speed Record 



The gustiness of wind creates dynamic pressure on a 

structure. However, it is convenient to work with an equiv

alent static pressure. The gust related factor G in Equa

tion (1) accounts for magnitude, frequency and spatial ex

tent of gusts. 

Wind blowing over and around a building or a structure 

experiences turbulence in the flow. These phenomena create 

pressures or suctions of various magnitudes on building sur

faces. The pressure coefficient C in Equation (1) accounts 

for this variation in pressure. The two items, gust related 

factor G and pressure coefficient C, are expressions of 

wind-structure interaction and are discussed in Chapter IV. 

Wind load determination specified in the four standards 

is essentially based on Equation (1). Individual approaches 

are slightly different because the terms in each standard 

have somewhat different meanings. The terms used in Equa

tion (1) and their equivalent terms in the four standards 

are listed in Table 1. In the sections that follow, treat

ments of these paramters in the four standards are dis

cussed. 



TABLE 1 

Wind Load Terms in Four Standards 
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TEPMS IN 
EQUMICN (1) 

AMERICAN 
STANDARD 

E}qaivalent Tenns in 
AUSTRAI.IAN 
STANDARD 

BRITISH 
STANDARD 

CANADIAN 
STANDARD 

(V) Reference 
wind speed at a 
standcird height 
above ground in 
open terrain, with 
a specific annual 
probability of 
occurrence 

(V) Basic wind 
speed, nph 
(fastest-Jtdle 
speed with an
nual probability 
of 0.02 

(V) Regional basic 
wind velocity, m/s 
(3-sec gust speed 
with annual prcb-
ability of 0.01, 
0.02, 0.04 or 0.2) 

(v) Basic wind 
speed, m/s (3-
sec gust speed 
with annual 
probability of 
0.02) 

(v) Reference wind 
speed, m/s (mean 
hourly speed with 
annual probability 
of 0.01, 0.033 or 
0.1) 

(K̂ ) Factor to 
account for other 
probability of 
occurrence 

(I) Inportance 
Factor 

None (S ) Statisti
cal factor 

None 

(K ) Factor to 
account for the 
effect of terrain 
roughness and 
height above 
ground 

(K )* Velocity 
Pressure Expo
sure Coefficient 

Velocity Multi
plier 

(S-) Ground 
Roughness, 
building size, 
and height above 
ground factor 

(C ) * • 

Exposure Factor 

(G) Gust Related 

Factor 

(G) Gust Response 

Factor 

None None (C ) Gust effect 
g 

factor 

(C) Pressure 

Coefficient 

(C ) Pressure 
P 

coefficient 

(C ) Pressure 
P 

Coefficient 

(C ) Pressure 
pe 

Coefficient 

(C ) Pressure 

Coefficient 

*K2 = K 
2 z 

^2 e 



2̂._1 American Standard 

Design wind pressure p (psf) is given by 

p = O.OO256K2 (lV)2GCp (2) 

The constant 0.00256 reflects an air mass density of 0.0024 

slugs/ft^ (1.2255 kg/m-̂ ) and constants required to convert 

miles per hour to feet per second. Basic wind speed V is 

expressed in terms of fastest-mile speed (mph) at 10 m above 

ground in flat open country. The basic wind speed has an 

averaging time of 3600/V sec and an annual probability of 

occurrence of 0.02. To account for probability of occur

rence other than 0.02, an importance factor I is used. The 

terrain and height effects are taken into account by a ve

locity pressure exposure coefficient K . In terms of the 

notations used in Equation (1), K̂  = I and K̂  = K . The 

Gust response factor G accounts for frequency and spatial 

extent of gusts. Pressure coefficient C accounts for the 

variation of pressure at various locations on a building 

surface. 
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2̂.2̂  Australian Standard 

Design wind pressure p (kPa) is given by 

p = 0.6xlO"^(Velocity Multiplier x V)^C (3) 

The constant 0.6 is one half the air mass density of 1.2 

kg/m^. Regional basic design velocity V (m/s) is a 3-second 

gust speed at 10 m above ground in open terrain. Regional 

basic design velocity values associated with annual prob

abilities of 0.01, 0.02, 0.04 and 0.2 are listed in the 

standard for a number of geographical locations. The factor 

Kj in Equation (1) is inherent within the wind speed values 

associated with the four annual probabilities. The velocity 

multiplier accounts for the effect of terrain roughness and 

height above ground. Thus K2 in Equation (1) is equal to 

the velocity multiplier. The standard does not use a gust 

related factor in the expression for design wind pressure 

because the wind speed is a gust speed. For a tall build

ing, the standard recommends that the regional basic design 

velocity be a mean hourly wind speed and that a gust factor 

be used in the design wind pressure equation. Appropriate 

pressure coefficient C gives the pressure at various loca

tions on a building surface. 
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2.2 British Standard 

Design wind pressure p (psf/kPa) is given by 

p = k(S^S^S3V)2cpg (4) 

where k = 0.00256 in Imperial units 

= 0.613 in SI units. 

The constant 0.00256 reflects air mass density of 0.0024 

slugs/ ft^ and constants to convert miles per hour to feet 

per second. The constant 0.613 is one half the air mass 

density of 1.226 kg/m^. The basic wind speed V (m/s or mph) 

is a 3-second gust speed at 10 m above ground in open ter

rain and is associated with an annual probability of 0.02. 

Basic wind speed is modified by three factors S^, S2 and S3 

instead of two as in the other standards. The topography 

factor S^ accounts for the effect of topography (e.g., pres

ence of mountains, valleys etc.) on basic wind speed. The 

factor S2 accounts for terrain roughness, height above 

ground and spatial extent of gusts. Each terrain roughness 

category is divided into three classes corresponding to av

eraging times of 3 sec, 5 sec and 15 sec that are applicable 

to buildings (or components) of different sizes to reflect 

spatial extent of gusts. The statistical factor S3 modifies 

the wind speed for annual probabilities other than 0.02. In 

terms of the notations used in Equation (1), K2 is similar 

to but not exactly equal to S because S accounts for size 
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effect. The factor K̂  in Equation (1) is the same as the 

statistical factor S . A gust related factor is not used in 

this standard because basic wind speed is a gust speed. 

Pressure coefficient C accounts for the variation of wind 
Pe 

pressure at different locations on a building surface. 

£.£ Canadian Standard 

Design wind pressure p (KN/m^) is given by 

p = q C C C^ (5) 
e g P 

This Standard provides values of reference wind pressure q 

(=1/2 pV^) in kN/m^ in a tabular form for three annual prob

abilities of 0.01, 0.033 and 0.1. The reference wind pres

sure values are given for a number of geographical loca

tions. The air mass density p is taken as 1.2929 Kg/m-̂ . 

The reference wind speed V (m/s) is a mean hourly speed at 

10 m above ground in open terrain. The factor K in Equa

tion (1) is inherent in the tabulated reference wind pres

sure q. The effect of terrain roughness and height above 

ground are accounted for by the exposure factor C^. In 

terms of the notation used in Equation (1) K^ = C-. The 
2 ^ 

gust effect factor C accounts for frequency and spatial 

extent of gusts. Pressure coefficient C accounts for the 

variation of pressure at various locations on a building 

surface. 



CHAPTER III 

FREE-FIELD WIND PRESSURE 

Free-field wind speed is that wind speed which would 

prevail in a particular location prior to interacting with a 

structure. The pressure associated with its mean component 

is termed as free-field wind pressure. It is not affected 

by the structural size or shape. 

The reference wind speed values given in the standards 

represent the wind speed averaged over a certain time peri

od. They are referenced to a height of 10 m above ground in 

an open terrain. In addition, these values are associated 

with a specfied annual probability of occurrence. 

The importance of a particular structure may warrant 

use of a wind speed associated with some other value of an

nual probability. This is achieved by applying a modifying 

factor (the factor K in Equation {1}) to the reference wind 
1 

speed. In addition, to obtain wind speed at any height in 

any terrain roughness, another modifying factor (the factor 

K in Equation {1}) is applied to the reference wind speed. 

The product of these three terms V, K and K as shown 
*̂  1 2 

within parenthesis in Equation (1) can be considered as the 

design wind speed. Thus for design purposes, free-field 

wind pressures are related to three items: reference wind 

13 
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speed, probability of occurrence of wind speed and terrain 

and height effects on wind speed. These three items are 

discussed in the sections that follow. 

2.1. Reference Wind Speed 

Wind speed is usually measured by anemometers placed at 

10 meters above ground level, in a flat open area such as an 

airport. Referring to Figure 1, which depicts a typical re

cord of the wind speed at a given point as a function of 

time, the wind speed can be considered as having a mean com

ponent and a fluctuating component. Since reference wind 

speed is basically a mean wind speed, its value depends on 

the averaging time. The four Standards under study define 

the reference wind speed in different ways—that is to say 

that the averaging times adopted are different. These are 

summarized in Table 2. 

The fastest-mile wind speed is defined as the average 

speed of one mile of air passing an anemometer. The averag

ing time of the fastest-mile wind speed is not a constant 

but a function of speed. The 3-second gust speed is the 

maximum value of the wind speed averaged over a period of 3 

seconds. The mean hourly wind speed represents the wind 

speed averaged over an hour. 
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TABLE 2 

Wind Speed Averaging Times in Four Standards 

Standard Type of Reference Wind Speed V Averaging time 

American Fastest-mile speed (mph) 3600/V sec 

Australian 3-second gust speed (m/s) 3 sec 

British 3-second gust speed (m/s) 3 sec 

Canadian Mean hourly speed (m/s) 3600 sec 

Since wind speed magnitude is a function of averaging 

time, there is need for a relationship between wind speed 

and averaging time. This need has, to some extent, been met 

by the work of Durst (6). On the basis of analysis of wind 

records from Cardington and for periods shorter than 5 sec

onds from the data from Ann Arbor, Durst obtained the re

sults presented in Figure 2. The curve relates the ratio of 

wind speed averaged over t seconds to mean hourly wind speed 

versus averaging time t. This curve permits transforming 

wind speeds from one averaging time to another. According 

to the curve in Figure 2, a 3-second gust speed is 1.56 

times the mean hourly speed. It is important to bear in 

mind, however, that Figure 2 applies to open sites in level 

country. 
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2.2 Probability of_ Occurrence of_ 

Wind Speed 

Based on a sizeable sample of annual extreme wind speed 

data for a location, the relationship between wind speed and 

annual probability of occurrence is obtained by fitting a 

Type I extreme value distribution function. The wind speed 

associated with a specific annual probability of occurrence 

is referred to as a wind speed model. For common buildings 

and structures the annual probability value adopted by the 

American, Australian and British standards is 0.02, whereas 
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the value adopted by the Canadian standard is 0.033, The 

reciprocal of annual probability of occurrence is called 

mean recurrence interval; an annual probability of 0.02 cor

responds to a 50-year mean recurrence interval. 

Probability of exceeding reference wind speed for a 

structure depends on annual probability of occurrence and 

the life of the structure (reference period). The longer 

this period, the greater is the probability of exceeding the 

reference wind speed. The probability P that the reference 

wind speed associated with an annual probability p will be 
a 

exceeded at least once during a reference period of n years 

is given by 

P = 1 - (1 - p )" (6) 
a 

The probabilities of exceeding reference wind speed in 

relation to different values of annual probability and ref

erence period are shown in Table 3(1). 

Structures of increasing degrees of importance are de

signed on the basis of increasing mean recurrence interval. 

All four standards recognize four general categories of 

structures that represent varying degrees of importance. 

The categories are: 

1. Structures which have special post disaster 

functions. 

2. Permanent structures which represent a high 

degree of hazard to human life and property. 
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3. Structures which pose a low degree of hazard 

to human life and property. 

4. Temporary structures such as construction sheds. 

The mean recurrance intervals adopted by the four Standards 

for the above four categories of structures are given in Ta

ble 4. 

2.2 Terrain and Height Effects on 

Wind Speed 

Surface friction causes a retardation of the air motion 

in a layer near the ground surface. This layer is referred 

to as the atmospheric boundary layer. Within the boundary 

layer, the wind speed increases from zero at ground level 

TABLE 3 

Probability of Exceeding Reference Wind Speed during 
Reference Period 

Annual Reference Period, n (years) 
Probability 

p i 5 10 25 50 100 
a _ _ 

0 . 0 4 0 .04 0 .18 0 .34 0 .64 0 .87 0 .98 

0 . 0 2 0 . 0 2 0 .10 0 .18 0 .40 0 .6 4 0 .87 

0 . 0 1 0 . 0 1 0 . 0 5 0 .10 0 .22 0 .40 0 .64 

0 . 0 0 5 0 .005 0 . 0 2 0 . 0 5 0 .10 0 .22 0 .39 



TABLE 4 

Mean Recurrence Intervals for Different Categories of 
Structures 
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Standard Category 
2 3 

American 

Australian 

British 

Canadian 

100 

100 

* 

100 

yrs. 50 yrs. 

50 

50 

30/10 ** 

25 yrs. 25 yrs 

25 

30/10 

25 

30/10 

* Not addressed 
** For frames/for cladding of buildings 

(theoretical value) to a maximum value at a height above 

ground where it is no longer affected by surface friction. 

This height is called gradient height and the wind speed 

above this height is called the gradient wind speed. Gradi

ent height depends on surface roughness and varies from ap

proximately 900 to 1500 ft. A typical mean wind speed pro

file within the boundary layer is shown in Figure 3. 

The mean wind speed profile is strongly influenced by 

the size and density of objects on ground. The variation of 

wind speed is described by two equations in the literature. 

One is a logarithmic equation and the other is a power law 
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Gradient Speed 
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(V 

Gradient Height 

Wind Speed 

Figure 3 Typical Mean Wind Speed Profile Within 
Atmospheric Boundary Layer 

the 
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equation. The .logarithmic equation is primarily used in 

meteorology. The power law equation is generally used for 

engineering purposes and is adopted by the four standards. 

The wind speed profile expressed in power law form (7) is 

^z = Vg^{Z/Zg^}^/°' (7) 

where V^ = wind speed at any height Z 

V = gradient wind speed 

Z = height above ground 

Z = gradient height 

a = exponential coefficient 

The values of gradient height Z and the exponential 

coefficient a depend on ground surface roughness. Surface 

roughness is the cumulative drag effect of ground obstruc

tions to the wind. The roughness is characterized by the 

density, size and height of buildings, trees, vegetation or 

rocks on the ground. Surface roughness is minimum over a 

body of water and maximum over a large city(7). Surface 

roughness is expressed by specific values for gradient 

heiqht Z and exponential coefficient a . 
gr 

The four standards specify surface roughnesses in terms 

of exposure categories. Each standard uses different values 

of Zg^ and a for similar exposure category. The reason for 

the differences in values may be due to use of different 
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field data and different averaging time for reference wind 

speed in each of the standards. Values of exponential coef

ficient a and gradient height Z adopted by the four Stan

dards are shown in Table 5 for each of the exposure catego

ries. 

Reference wind speed is measured at a height of 10 m 

above ground in an open terrain. Open, flat terrain repre

sents the reference exposure category. The four standards 

use reference category as: C for the American standard, 2 

for the Australian standard, 1 for the British standard and 

A for the Canadian standard. The reference wind speed (at 

10 m height in flat, open terrain) is related to the wind 

speed at other heights and for other exposure category by 

Equation (7). Height and terrain factors in the four stan

dards are: velocity pressure exposure coefficient K in the 

American standard, velocity multiplier in the Australian 

standard, ground roughness, building size and height above 

ground factor S in the British standard, and exposure fac-
2 

tor C in the Canadian standard. These factors in the four e 

standards are not identical. Whereas those in the Austra

lian and British standards represent ratio of wind speed at 

any height in an exposure to wind speed at 10 m height in an 

open terrain, the ones used by the American and Canadian 

standards are square of this wind speed ratio. In addition, 
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TABLE 5 

Exponential Coeff icients and Gradient Heights Adopted by th( 
Standards 

DESCRIPTICN CF EXPOSURE 

Large city centers with 
numeiTJUs high closely 
spaced obstacles 

Urban and suburban areas 

C^n terrain with 
scattered obstructions 

Flat, unobstructed 
coastal areas 

/^nerican 
Ebcp. 
Cat. 

A 
(1500 ft)** 

B 
(1200 ft) 

C 
(900 ft) 

D 
(700 ft) 

a 

3.0 

4.5 

7.0 

10.0 

STANDARD 
Australian 
Exp. 
Cat. 

4 
(1640 ft) 

3 
(1312 ft) 

2 
(984 ft) 

1 
(820 ft) 

9 

5.0 

7.1 

11.1 

14.3 

British 
Exp. 
Cat. 

N/A^ 

N/Â " 

2 + 
N/A^ 

li/h^ 

11.1 
9.5 
8.7 

11.1 
10.0 
9.1 

11.8 
10.5 
9.5 

12.5 
11.1 
10.0 

Cana 
Exp. 
Cat. 

N/Ai" 

N/A^ 

A 
N/A"*" 

A 
N/A"!" 

dian 

2.78 

4.0 

7.14 

7.14 

*Three values of a representing Class A, B and C structures correspond to averaging timp of 3 sec, 
5 sec cind 15 sec, respectively * 

»*Gradient Height 

Gradient Height values are not specified 
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values of exponential coefficients in each of the standards 

are quite different as indicated in Table 5. This variation 

in exponential coefficient values in the four standards is 

shown in graphical form in Figures 4 through 7 for the four 

exposure categories. The four figures represent plots of 

height versus velocity multiplier for four exposure catego

ries adopted by the standards (Note: Only exception is the 

Canadian standard which has not differentiated between an 

open terrain with scattered obstructions and a flat, unob

structed coastal area). The curves in each figure indicate 

differences among the standards. These differences are be

cause of variation in the exponential coefficients among the 

standards. In addition, the factor S of the British stan

dard also incorporates spatial extent of gust in its values. 

The British standard also gives three values of the exponen

tial coefficient corresponding to 3 sec, 5 sec and 15 sec 

averaging time and uses roof top level as a base for height 

and terrain effects (curves for the British standard shown 

in Figures 4 through 7 are for 15 sec averaging time). As 

indicated in these discussions, it is difficult to compare 

height and terrain effects only through exponential 

coefficient specified in the four standards, even though the 

effects are based on the same power law equation. 
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CHAPTER IV 

WIND-STRUCTURE INTERACTION 

As fluctuating wind (see Figure 1) encounters a build

ing in its path, it transfers some of the energy to the 

building surfaces. Since the reference wind speed in Equa

tion (1) is the mean component of the wind record, it is 

necessary to account for the fluctuating component of wind 

through a gust related factor. In additon, as the wind ne

gotiates around building surfaces, wind flow separation oc

curs and increased turbulence is generated. Flow separation 

and turbulence are translated into non-dimensional pressure 

coefficients through wind tunnel experimentation. Thus, the 

two parameters related to wind-structure interaction are 

gust related factor and pressure coefficient; these are dis

cussed in sections that follow. 

£.2 Gust Related Factor 

Gust related factor is employed to account for the ad

ditional loading due to the gustiness of wind and the inter

action of wind gusts with buildings and other structures. 

Gust is the rapid fluctuation of wind (see Figure 1). There 

are two ways of taking into account the effects of gust. 

29 
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1. The gust speed, Vg, is related to the mean hourly 

speed, V, by the following expression: 

Vg = Ĝ  V (8) 

where Gy = the gust related factor. 

This gust related factor is applied to the wind 

speed. This factor is incorporated in reference wind 

speeds of both the Australian and British standards. 

2. The pressure p generated by the mean wind speed 

(fastest-mile or mean hourly) is related to the pres

sure p generated by the gustiness, by the following 

expression: 

p = G p (9) 
^g p 

where Gp = the gust response or effect factor. 

This concept has been adopted by both the American 

standard and the Canadian standard, where G is re

ferred to as gust response factor and gust effect 

factor respectively. The factor not only incorpo

rates gustiness of wind but also spatial extent of 

gust and dynamic characteristics of the structure. 

The gustiness in wind is not constant. It increases 

with surface roughness because of increased turbulence. In 

addition, gustiness reduces with increase in height above 

ground because turbulence due to ground roughness is 

reduced. 
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In addition to the variation in gustiness, two other 

items that affect gust response (effect) factors, as men

tioned above, are the spatial extent of the gust and the dy

namic characteristics of the structure. Large gusts may en

velope an entire structure while a small gust may affect 

only a portion of the structure. In the latter case, the 

effect of a gust on the structure as a whole is reduced. 

Natural frequency and damping affect the dynamic response. 

The dynamic characteristics of a building component, e.g., a 

wall panel, are quite different from those of a building 

frame. In the paragraphs that follow the use of gust relat

ed factor in each standard is described. 

4.1.1 American Standard 

The gust response factor(GRF) in the American standard 

translates the random dynamic response due to gust loading 

into a quasi-static load. The GRF is derived from a power 

density spectra of wind (energy associated with the turbu

lence of wind over a wide range of frequencies). This deri

vation takes into account the effect of terrain roughness 

and the effect of size, mass, natural frequency and damping 

of the structure. The GRF does not include effects of 

across wind deflection, vortex shedding or instability due 

to galloping or flutter. 
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There are three forms of GRF specified in the 

standard. 

G : Used for components and cladding. The values are 

dependent upon the height of the component or 

cladding above ground. 

G^ : Used for main wind force resisting systems 

of ordinary buildings and structures. A single 

value for the entire building is determined 

using the mean roof height h. 

G : Used for main wind force resisting systems 

of flexible buildings and structures having 

fundamental frequency less than 1 hz. 

The GRF's G and G. are primarily functions of turbulence 

intensity of the wind; their values are tabulated in the 

standard. The values of G and G, increase with terrain 
z n 

roughness but decrease with height above ground. In the 

case of flexible structures, G is determined using a de

tailed procedure outlined in the Appendix of the standard. 

The spatial extent of gusts is taken into account to a 

degree by providing pressure coefficients for components and 

cladding as a function of tributary area. Tributary area is 

defined as that portion of the surface area to be supported 

by the structural member considered. The tributary area 
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values for different components and claddings (in walls and 

roof) are used to determine the combined GRF and pressure 

coefficient values (GCp) from graphs given in the standard. 

The GRF's combined with pressure coefficient were measured 

simultaneously in wind tunnel experiments and cannot be sep

arated. The GC value decreases as the tributary area in-
P 

creases. 

4.1.2 Australian Standard 

The Australian standard uses the 3-second gust speed 

in evaluating wind load. For ordinary buildings or struc

tures the gust effect is included in the reference wind 

speed. 

For tall buildings, a detailed procedure (similar to 

that of the American standard) is provided in the Appendix 

of the standard. The gust factor (equivalent to gust re

sponse factor of the American standard) considers building 

size effects and dynamic characteristics. The 3-sec gust 

speed is converted to an equivalent mean hourly speed. The 

gust factor is meant for the frame of a building. For com

ponents and cladding, determination of gust factor is not 

required in obtaining wind loads. 
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4.1.3 British Standard 

The British standard uses the 3-sec gust speed in eval

uating the wind load in a manner similar to the Australian 

standard. The British standard does not provide or recom

mend a procedure for determining gust related factor for 

tall, flexible structures. 

The Spatial extent over which gusts are effective is 

taken into account indirectly in the surface roughness and 

height factor S . Each roughness category is divided into 3 

classes: A, B and C. These 3 classes correspond to wind 

speed averaging times of 3 sec, 5 sec and 15 sec, respec

tively. A gust of short duration is likely to encompass a 

smaller part of a structure than a gust of long duration. 

In the standard, class A is applicable to relatively small 

areas, e.g., cladding, glazing or roofing, whereas class B 

and class C are applicable to entire building (main wind 

force resisting system). Class B applies to buildings with 

a maximum horizontal or vertical dimension less than 50 m. 

For larger buildings class C is applicable. Since the 

building size effect is included in the factor S , the stan

dard has in effect considered spatial extent of the gust. 

Because the factor S includes effects of ground roughness, 

height above ground and spatial extent of gust, it is not 

possible to ascertain variation of gust factor with terrain 

roughness and height above ground. 
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4.1.4 Canadian Standard 

In the Canadian standard the gust effect factor is ob

tained by one of two approaches, a simple procedure and a 

detailed procedure (or dynamic approach). The simple proce

dure applies to structure and cladding design of low and me

dium rise buildings and to cladding design of high rise 

buildings. For tall, slender structures the gust effect 

factor is obtained by the dynamic approach. 

In the simple procedure, gustiness of the wind is rep

resented by equivalent static loads which are defined inde

pendent of the dynamic properties of the building. The dy

namic approach takes due cosideration of the dynamic 

characteristics of a structure and the intensity of turbu

lence. The dynamic approach leads to an equivalent static 

design pressure which produces the same peak load effect as 

the turbulent wind. 

In the simple procedure, the gust effect factor C is 

2.0 for the structure as a whole and 2.5 for cladding. The 

difference in the two values reflects the spatial extent of 

the gust. 

The dynamic approach for the gust effect factor is 

similar to that of gust response factor of the American 

standard or gust factor of the Australian standard. The 

calculations involve the dynamic properties of the 
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structure. A number of graphs and charts are provided in 

the Supplement(5) to aid in the calculation. 

For wind loads on claddings of enclosed buildings, com

bined values of gust effect factor and pressure coefficient, 

C C are provided in the standard. The values of C C are 

related to tributary area of cladding in a manner similar to 

the American standard. The wind tunnel experiments measured 

combined values of C C ; hence, gust effect factor cannot be 
g P 

separated in these cases from the pressure coefficient. 

£•2 Pressure Coefficient 

Pressure coefficient is a dimensionless quantity that 

defines pressure or suction acting normal to the surface of 

a building. Values of pressure coefficients are dependent 

on shape and size of the building, location on the building 

surface (e.g., roof corner) and angle of attack of wind. It 

is not possible to obtain pressure coefficients using theo

retical procedures. By necessity values of pressre coeffi

cients are determined through wind tunnel experiments. 

To explain pressure coefficients, it is necessary to 

discuss pressures first. Two types of pressures act on 

building surfaces: external and internal. The surfaces of a 

building are subject to pressures due to wind flow over and 

around the building; these are called external pressures. 
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Internal pressures are caused by flow of wind in and out of 

the building, through the openings. General patterns of the 

external and internal pressures are discussed in the two 

subsections that follow. 

4.2.1 External Pressures 

Typical air flow over a building is shown in Figure 8. 

The air encounters windward wall in its path and flows over 

and around the building. The sharp roof edge separates the 

air flow from the building surface causing separation zone 

near the roof surface. This separation zone contains some 

back flow of air as well as significantly increased turbu

lence. The region of flow on the leeward side, called the 

wake, is also turbulent. The separation zone, the wake and 

associated turbulence cause varying wind induced pressures 

on the building surfaces. A typical pressure distribution 

caused by the air flow over a building is shown in Figure 9. 

As indicated in Figure 9, wind pressure is acting to

ward the surface on the windward wall. On the roof and the 

leeward wall, pressures are acting away from the surface 

(suction). The magnitude and variation of pressures depend 

on the size and shape of the building and on location of the 

building surface. The pressures obtained in wind tunnel 

experiments for a specific building shape are converted to 
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Figure 8: Typical Air Flow Over a Building 
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Figure 9: Pressure Distribution Around a Building 
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non-dimensional pressure coefficients. Wind pressures on a 

prototype building can be evaluated using the pressure coef

ficients. 

The pressures indicated in Figure 9 represent the aver

age external loads on the various surfaces of a building. 

These pressures give overall loads acting on a building. 

Air flow separation and turbulence cause pressures of much 

greater magnitude in areas like roof corner and roof eave. 

These intense pressures occur over small localized areas and 

are of short duration. 

4.2.2 Internal Pressure 

Wind forces on building elements depend on both the ex

ternal and internal pressures. The vector sum of the two 

determines the magnitude and the direction of the resultant 

force. Extent and location of openings govern the magnitude 

and direction of internal pressures. 

Internal pressures on building surfaces with different 

opening locations are illustrated in Figure 10. In a 

hermetically sealed building wind does not cause internal 

pressure on building surfaces because air cannot enter or 

exit the building as shown in Figure 10(a). In this case, 

only the external pressures act on building surfaces. If an 

opening exists in the windward wall, the wind enters the 
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building causing a balloning effect. Internal pressure acts 

toward all the surfaces as indicated in Figure 10(b). Open

ings in leeward or side walls permit air inside the building 

to be pulled out as wind flows around the building. This 

exit of air causes internal pressure to act away from the 

surface as shown in Figure 10(c). If openings exist in the 

windward wall and other walls or roof air can flow through 

the building. In this case the internal pressure acts to

ward or away from the surface (see Figure 10{d}) depending 

on size and distribution of openings. 

Generally internal pressures are uniform over all sur

faces. In situations where interior partitions may not per

mit movement of air, the internal pressures may be different 

on various wall and roof surfaces. Internal pressures are 

formulated in terms of pressure coefficients using results 

of wind tunnel experiments. 

4.2.3 Definition of Pressure 
Coefficients 

It is necessary to understand the term dynamic pressure 

since pressure coefficients are referenced to dynmic pres

sure. Referring to Figure 11, Bernoulli's equation applied 

at points A and S leads to the following equation: 

p = p + (1/2) pv2 (10) 

where p = the stagnation pressure 
s 
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p = p 

V = Velocity At A 

Pam - Ambient Pressure 

Pj = Pressure at S 

p = Air Mass Density 

Figure 11: Pressure Rise at a Buildi ng 
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^am^ the ambient pressure in free field wind 

p = the air mass density 

V = the mean wind speed at A (free field wind) 

In Equation (10), the term (1/2) pv^ is the dynamic pres

sure. The wind speed used in this term is the mean wind 

speed averaged over a certain time period. Pressure coeffi

cients are referenced to this dynamic pressure term. In 

wind tunnel experiments, mean wind speed and ambient pres

sure upstream of the building and pressure on the building 

surfaces are measured. The mean and peak pressure coeffi

cients are defined as 

Cp = iLLfaJ (11) 
h pV2 

and 

Cp = 'P - Pam) (12) 

h pV2 

respectively, where 

C-, C - = mean and peak pressure coefficients respectively 
P P 

p = ambient pressure in free field wind, 
*̂ani 

p , p - mean and peak pressure respectively on the 

building surface 

p = air mass density 

V = mean wind speed (free field wind). 

Pressures measured on the building surfaces are also 

fluctuating randomly in a manner similar to wind speed (see 
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Figure 1). The mean value of pressure p that is averaged 

over a period, provides mean pressure coefficients. The 

peak pressure p is an instantaneous peak of the measurement. 

Peak pressure coefficient obtained from peak pressure can be 

assumed to include gust related factor because the wind 

speed used in the definition is mean wind speed averaged 

over a time period. Hence, peak pressure coefficients C-

are often termed GC . 
P 

It is important to recognize that pressure coefficient 

values are related to the mean wind speed. Thus, pressure 

coefficient values for the same pressures will be different 

for different averaging times of mean wind speed. 

The mean pressure coefficients represent average exter

nal loads on the various surfaces of a building and are to 

be used in the design of main frames. The turbulence in 

wind and turbulence due to wind-structure interaction, make 

wind pressure on building surfaces to fluctuate causing peak 

pressures over small areas. These peak pressures are con

sidered in the design of components and cladding. It is 

recognized that peak pressures do not occur simultaneously 

over large areas. This recognition leads to the realization 

that peak pressures are function of tributary area; larger 

the tributary area smaller the pressure. The pressures 

associated with peak pressure coefficients should not be 
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added to mean pressures that are used for design of main 

frames. 

4.2.4 Pressure Coefficients Adopted 
by the Standards 

Pressure coefficients for different shapes and surfaces 

are given in all four Standards, in tabular or graphical 

form. Peak pressure coefficients for components and clad

ding are combined with gust related factor. Because pres

sure coefficients change with size and shape of structures, 

pressure coefficients for every shape of structure cannot be 

included in the standards. Notes given with each table of 

pressure coefficients provide the limitations and exceptions 

for the values specified in the standards. Pressure coeffi

cients are envelope values; i.e., they are the maximum val

ues for all angles of attack of wind. All four Standards 

have adopted the same sign convention with regard to pres

sure coefficients. Sign convention for both external and 

internal pressure coefficients are as follows: 

+(plus sign) means positive pressure acting towards 

the surface 

-(minus sign) means negative pressure acting away from 

the surface. 
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It is very important to use the proper signs of the pressure 

coefficient values. Whenever two signs of the pressure 

coefficient are specified, both positive and negative values 

need to be considered to obtain controlling loads (see Fig

ure 10{d}). 

In addition to pressure coefficients for building sur

faces, the four standards give force coefficient values for 

use with structures, e.g., chimneys, towers, etc. These 

force coefficients are specified for the structure as a 

whole. 



CHAPTER V 

CASE STUDY 

The building chosen for the Case Study is a one-story, 

flat roof building with dimensions of 100 ft x 50 ft x 20 ft 

as shown in Figure 12. The building has five transverse 

portal frames spaced at 25 ft on center. Wall girts and 

roof purlins are spaced 6 ft 8 in on center and are support

ed by the portal frames. Cladding fasteners are placed at 1 

ft on center. The building is assumed to be without an ov

erhang for simplicity. Structural framing arrangements are 

shown in Figure 13. 

A single overhead door (15 x 10 ft) is located in one 

of the short walls. An entry door (8 x 4 ft) and two window 

units (4 X 12 ft) are located in each of the long walls. 

These doors and windows are designed for appropriate wind 

pressures and should not constitute dominant opening in just 

one wall. If a failure of one of the doors or windows oc

curs in extreme wind, it is likely that other doors or win

dows would also fail. In that case wind could flow through 

the building. In addition, the walls of the building are 

likely to be permeable, though it is not possible to assess 

the degree of permeability. 

47 
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1. 20 

Figure 12: Building in Case Study 
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Figure 13: Details of Building under Case Study 
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The building is assumed to be located in Detroit, Mich

igan for calculations using the American standard. It is 

assumed to be a suburban location (exposure category B); the 

basic wind speed (fastest-mile speed) according to the 

American standard is 70 mph for this location. The equiva

lent location for the Canadian standard is Windsor, Ontario 

which is situated across the Detroit river, no more than 15 

miles away. There is no reason to believe that wind climate 

over the two cities is different. For calculation of wind 

loads based on both the Australian and British standards, a 

reference wind speed (3-second gust speed) of 39 m/s (equiv

alent to a fastest mile speed of 70 mph) is used. A subur

ban exposure category (equivlent to exposure category B of 

the American standard) is used with all the standards. 

Values of reference wind speed, modifying factors for 

wind speed, gust related factors and pressure coefficients 

applicable to this building for each of the four standards 

are shown in Table 6. The gust related factor and pressure 

coefficient are defined separately for building frames and 

for components and cladding. For building frames, the 

American standard gives a value for gust response factor 

while the Canadian standard combines gust effect factor and 

pressure coefficient for low-rise buildings. The Australian 

and British standards do not have gust related factor; they 

use gust speed. For components and cladding, the American 
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and Canadian standards provide combined gust related factor 

and pressure coefficient as a function of tributary area. 

The pressure coefficients in the Australian and British 

standards are not related to tributary areas of the members. 

Internal pressure coefficients are based on the assump

tion that walls are permeable and that openings are uniform

ly distributed. The language given in the standards for in

ternal pressure is difficult to interpret for certain cases. 

The standards, except the American one, specify internal 

pressure coefficient for openings in one wall, in opposite 

walls or in all four walls. They do not consider possibili

ty of openings in two adjacent walls or in three walls or 

the roof. In addition, words such as "dominant opening," 

"effectively sealed," and "impermeable face" are difficult 

to interpret. For this building, it is assumed that wind 

can flow through the building in case of a failure of a win

dow or a door; thus internal pressure coefficients are based 

on uniform openings in all walls. 

Actual calculations of wind pressures are given in the 

Appendix. The wind pressures for design of a typical in

terior frame are shown in Figure 14. These pressures are 

used to, determine the base shear and the overturning moment 

for the building. Values of the base shear and the over

turning moment obtained are also shown in Figure 14. Inter-
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* • * 

Wind Pressures in PSF 
Base Shear for the Building in Kips 
Overturning Moment for the Building 
i n Ft-Ki ps 

tish 
= 14.2 
= 1010 

Australi an 
F = 15.0 
M - 930 

Aiiier i can 
F - 2 0 . 4 * * 
M - 1106* * * 

> i -
;> 

Canadian 
F - 19.6 
M - 1140 

Figure 14: Design Wind Pressures on Building Frames 
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nal pressures acting on the roof are incorporated in the 

values shown in Figure 14 because they affect the overturn

ing moment. For the two walls, pressures shown in Figure 14 

do not include internal pressures since they cancel. 

The range of base shear obtained using the four stan

dards is 14.2 to 20.4 kips, while for overturning moment it 

is 931 to 1140 ft-kips. These values indicate that there 

are significant differences in wind pressures on frames as 

obtained by using the four standards. The difference in re

gard to the base shear is more pronounced than that in the 

overturning moment. The Australian and British standards 

yield almost identical values of frame loads while the 

American and Canadian standards provide similar loads. 

Wind pressures on roof purlins and wall girts calculat

ed using the four standards are shown in Figure 15. Both 

the purlins and girts have tributary area of 167 sq ft. 

Since the wall corners and roof corners have relatively 

small areas, wind pressures on purlins and girts for these 

local areas are not determined. As the values in Figure 15 

demonstrate, there are significant differences in wind pres

sures obtained from the four standards. It is difficult to 

give specific reasons for the differences in design values 

because various parameters are used differently in each of 

the standard. Wind pressures on purlins in eave areas are 
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19.1 (A) 
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Wind Pressures in PSF 
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^ / 4̂  

Figure 15: Design Wind Pressures on Components (Girts and 
Purlins) 
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higher than those in the roof middle areas; the variation 

ranges from 21% to 120%. 

Wind pressures on cladding fasteners with tributary 

area of 6.7 sq ft obtained from the four standards are shown 

in Figure 16. All four standards give higher pressures in 

wall and roof corners than in the middle areas of the re

spective surfaces. In addition, outward acting pressures 

are higher than the inward acting pressures. The American 

and Canadian standards yield higher pressures in roof cor

ners than in roof eave areas, while the Australian and Brit

ish standards do not differentiate between these two- The 

American standard gives the highest values of wind pressures 

for cladding fasteners at different locations on a building 

surface, while the Australian standard specifies the lowest 

ones. The pressures obtained from the Australian standard 

are smaller by 50-70% in comparison with the corresponding 

values from the American standard. 

Even though it is difficult to advance specific reasons 

for the large differences in design pressures for components 

and fasteners among the standards, certain general observa

tions are worth mentioning. The Canadian standard uses wind 

speed associated with a 10-year mean recurrence interval for 

components and cladding, while the other standards use wind 

speed associated with a 50-year mean recurrence interval. 
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Figure 16: Design Wind Pressures on Cladding Fasteners 
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The Australian and British standards do not differentiate 

between roof corner and roof eave areas. Pressure coeffi

cients in Australian and British standards are not related 

to tributary areas; wind pressures are the same for purlins 

and fasteners. For the building in the case study, internal 

pressures did not add (C .= 0.0) to the outward acting pres-

sures for the Australian and Canadian standards. 



CHAPTER VI 

CONCLUSIONS 

A simple parameter-by-parameter comparison of the four 

standards is not possible because the parameters are used in 

a different manner in each of the standards. As an alterna

tive, the comparison among the standards is achieved in two 

ways. One is a qualitative comparison of the factors used 

in determining wind loads. The other is a quantitative com

parison of the wind loads obtained through a case study of a 

low-rise building. The results of these comparisons are 

summarized below. 

6̂._1 Qualitative Comparison 

The four standards reviewed in this thesis show simi

larities in the manner in which they specify wind loads. 

Each of the standards use factors for height and terrain ef

fects, probabilities of occurrence of wind speed, gustiness 

in wind and shape and size of the structure in determining 

wind loads. Some of the significant differences in the man

ner in which these factors are used are indicated below. 

1. Averaging times for reference wind speed used by the 

four standards are different. 
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2. The four standards have adopted a probabilistic 

approach to obtain reference wind speed through the 

use of mean recurrence interval. Except for the Can

adian standard, all standards specify identical val

ues of mean recurrence interval. 

3. The four standards have adopted a power law equation 

to represent height and terrain effects on wind 

speed. Two factors, gradient height and exponential 

coefficient, differ from one standard to another. In 

the British standard, the exponential coefficient 

values also include gust duration and gust spatial 

extent effects. 

4. For ordinary structures, the Australian and British 

standards do not use a gust related factor to account 

for the effect of gusts because they use a gust speed 

as the reference wind speed. The American and Cana

dian standards employ a gust related factor to con

sider gust effects. 

5. Pressure coefficients used by the four standards vary 

significantly. 
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^•2 Quantitative Comparison 

Wind pressures for the transverse frame, typical struc

tural component and fasteners are obtained for a 50 ft x 100 

ft and 20 ft high one-story building using the four stan

dards. Reference wind speeds are made consistent with re

spect to averaging time. The following observations are 

based on wind pressure values determined for this building: 

1. Significant differences exist in wind pressure values 

for the main wind force resisting frame (see Figure 

14). The American and Canadian standards give simi

lar loads, which differ significantly from loads ob

tained using the Australian and British standards. 

The base shear and overturning moment values obtained 

from the latter two standards are in the range of 

70-90% of the corresponding values from the American 

standard. 

2. Wind pressures on components (girts and purlins) are 

considerably different from one Standard to another 

(see Figure 15). The American standard specifies the 

highest wind pressures on windward wall, side wall 

and roof. Only in case of a component located in 

roof eave area, does the British standard give higher 

wind pressure than the other three. The Australian 

standard gives the lowest wind pressures in all 
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cases. Wind pressures for components specified by 

the Australian standard are in the range of 35-60% of 

those specified by the American standard. 

3. Wind pressures on cladding fasteners are also signif

icantly different from one standard to another—larg

est values being obtained from the American standard 

while the smallest ones from the Australian standard 

(see Figure 16). Values obtained using the Austra

lian standard are in the range of 30-50% of those 

specified by the American standard. The American and 

Canadian standards yield higher pressures on roof 

corner than on roof eave, while the Australian and 

British standards do not differentiate between these 

two. 
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APPENDIX 

CALCULATION OF WIND LOADS^ 

The tributary area (specified in the American and Cana

dian standards only) for components and cladding fasteners 

are given below: 

1. For components (girts and purlins) 

Bay spacing(25 ft) x Girt/purlin spacing(6.67 ft) 

= 167.0 sq ft 

2. For cladding fasteners 

Girt/purlin spacing(6.67 ft) x Fastener spacingd ft) 

= 6.7 sq ft 

A.l_ Based on the American Standard 

Location: DETROIT 

(Exposure category B—urban and suburban 

area—as per sec 6.5.3.1{2}) 

For design of frames, exposure B will be adopted. 

Since the height of the building is less than 60 ft, design 

of components and cladding fasteners will be based on expo

sure category C as per sec 6.5.3.3.1. 

^ All the references cited herein regarding sections, ta
bles, figures, etc., belong to the respective standards in 
study. 
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Basic wind speed (fastest mile speed at 33 ft above 

ground for exposure category C, reference category, and as

sociated with an annual probability of .02) is obtained from 

Fig.l and sec 6.5.2 as 

V = 70 mph 

Referring to Table 1, the building belongs to category 

I from importance point of view. 

Importance factor, 1 = 1 (From Table 5) 

Design Wind Loads 

I_ Frames 

Transverse wind 

Design wind pressure, 

p = ^GL^C (From Table 4) 

q : q for windward wall at height z above ground 

: q for leeward wall and roof evaluated at mean 
h 

roof height 

Velocity pressure exposure coefficients (From Table 6): 

For 0-15 ft, K̂  = 0.37 

At elevation 20 ft, K̂  = 0.42 

Velocity pressure, q^ = 0.00256K^(IV) 

= 0.00256K2(1 X 70)2 

= 12.544 K^ 

For 0-15 ft, q̂  = (12.544)(0.37) = 4.64 psf 

For h=20 ft, q̂  = (12 . 544)(0.42) = 5.27 psf 
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Gust response factor (From Table 8): 

For frames, G. = 1.59 
h • 

Aspect ratios for pressure coefficients: 

L = horizontal dimension measured parallel to 

wind direction = 50 ft 

B = horizontal dimension measured normal to 

wind direction = 100 ft 

h = mean roof height = 20 ft 

L/B = 50/100 =0.5 

h/L = 20/50 =0.4 

Pressure coefficients (From Fig.2): 

For windward wall, C = 0.8 (for use with q ) 
P ^ 

For leeward wall, C = -0.5 (for use with q^) 

For roof (e= 0°), C = -0.7 (for use with q^) 
Wind Pressures on a Frame 

1. Windward wall 

p = (4.64)(1.59)(0.8) = 5.9 psf (0 to 15 ft height) 

= (5.27)(1.59)(0.8) = 6.7 psf (at 20 ft -do- ) 

2. Leeward wall 

p = (5.27)(1.59)(-0.5) = -4.2 psf 

3. Roof 

p = q G C - q^(GCpi) (As per note below Table 4) 

= (5.27)(1.59)(-0.7) - 5.27(0.25) 

= -7.2 psf (with internal pressure) 
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Note: GCp. = +0.25 (From Table 9) and for worst 

effect, the positive value is considered. 

Base Shear and Overturning Moment 

F = Force on windward wall 

= {(5.9)(15) + (l/2)(5.9+6.7)(5)}(100)lbs 

= 12.0 kips 

F = Force on leeward wall 
2 

= (4.2)(20)(100)lbs 

= 8.4 kips 

Base shear, F = F + F = 12.0 + 8.4 = 20.4 kips 
1 2 ^ 

Overturning moment, 

M = {(5.9)(20)(10) + (l/2)(0.8)(5)(15+3.33) 

(4.2)(20)(10)}(100) + (7.2)(50)(100)(25) 

= 1105.7 ft-kips 

II Components and Cladding Fasteners 

Design wind pressure, 

p = q^^GC ) - q^(GCp.) (From Table 4) 

q^ = 0.00256K (IV)^ 

h = 20 ft K^ = 0.87 

Note: Exposure C always for h<60 ft 

(As per Appendix A6.7) 

q = 0.00256(0.87)(1 x 70)^= 10.91 psf 
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GC values are obtained from Fig. 3 for different 
P 

components and cladding and a list of these values follows 

These are combined values of gust response factor and pres

sure coefficient and they should not be separated, as per 

Appendix A6.7. 

For cladding fasteners: 

GC = 1.35, -1.5 for wall middle area 
P 

= 1.35, -2.0 for wall corner 

= -1.4 for roof middle area 

= -2.6 for roof eave 

= -4.0 for roof corner 

For components: 

GC = 1.12, -1.2 for wall middle area 
P 
= -1.2 for roof middle area 

= -1.5 for roof eave 

As per note 3 of Fig. 3, since e < 10° external pressure 

coefficients for walls may be reduced by 10%. 

GCpi = +0.25 (From Table 9) 

q (GC .) = (10.91)(+0.25) = +2.73 

Wind Pressures on Components and 

Cladding Fasteners 

p = 10.91(GCp)(0.9) + 2.73 for walls 

p = 10.91(GCp) + 2.73 for roof 
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The design wind pressures on components and cladding 

fasteners are shown in Table 7. 

A.2̂  Based on the Australian Standard 

The regional basic design velocity (V) is 39 m/s (3 sec 

gust speed with 50 years mean return period) which is equiv

alent to 70 mph (fastest mile speed) adopted in the calcula

tions based on the American standard. The exposure category 

is taken as 3 which is equivalent to that of suburban cat

egory (exposure category B of the American standard). 

Design wind velocity (V ) is obtained from V adjusted 

for 5 factors as mentioned below (Ref. Sec. 4.2): 

(i) mean return period 

(ii) geographical location 

(iii) terrain category 

(iv) shielding 

(v) height above ground 

No adjustment is needed with regard to (i) and (ii) above 

since it is assumed that the building is not important 

enough to warrant a mean return period longer than 50 years 

and there is no significant change in topography to affect 

the wind environment of the building. 

For (iii), (iv) and (v). Table 4 is referred to obtain 

the velocity multiplier = 0.66 at a height of 20 ft (Note: 
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Only the velocity at the top of the building is needed, 

since q is considered at z = h as per Note 2 of Table 

Bl.l). 

V^ = (39)(0.66) = 25.74 m/s at elevation 20 ft 

V is converted to a Free-stream Dynamic Pressure q by the 

expression: 

q = 0.6v2 10"^ kPa (Eq.l) 
^z z 

= 0.6(25.74)2 10"^ kPa at 20 ft 

= 8.3 psf at 20 ft 

Design Wind Loads 

I_ Frames 

Transverse wind 

Design wind pressure, 

Pz " S'̂ z ^^"^'^^ 
Aspect ratios for pressure coefficients: 

d = horizontal dimension in the direction of wind = 50 ft 

b = horizontal dimension normal to the wind = 100 ft 

h = height of the building = 20 ft 

d/b = 50/100 =0.5 

h/d = 20/50 =0.4 

a= roof angle = 0° e = wind angle = 0° 

External pressure coefficients: 

(From Tables Bl.l and B2.1) 

C = +0.6 for windward wall 
P 
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= -0.3 for leeward wall 

= -0.9 for roof (0-20 ft from windward wall edge) 

= -0.5 for roof .(20-40 ft -do- ) 

= -0.3 for roof (40-50 ft -do- ) 

Wind Pressures on a Frame 

1. Windward wall 

p^= 0.6(8.3) = 5.0 psf (0 to 20 ft height) 

2. Leeward wall 

P2= -0.3(8.3) = -2.5 psf (0 to 20 ft height) 

3. Roof 

Distance from windward wall Pressure 

0 - 20 ft p = -0.9(8.3) = -7.5 psf 
z 

20 - 40 ft P2= -0.5(8.3) = -4.2 psf 

40 - 50 ft P = -0.3(8.3) = -2.5 psf 

Internal pressure coefficient, C . = 0.0 

Base Shear and Overturning Moment 

F = Force on windward wall 
1 

= 5.0(20)(100) lbs 

= 10.0 kips 

F = Force on leeward wall 
2 

= 2.5(20)(100)lbs 

= 5.0 kips 

Base shear, F = F + F = 10.0 + 5.0 = 15.0 kips 

Overturning moment. 
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M = (5.0 + 2.5)(20)(100)(10) + (7.5)(20)(100)(40) 

(4.2)(20)(100)(20) + (2.5)(10)(100)(5) 

= 930.5 ft-kips 

II Components and Cladding Fasteners 

Design wind pressure, 

p = q (C - C . ) (Ref. sec 10.2.3) 
z z p pi 

^z " ^h " ^'^ P^^ 

External pressure coefficients (average): 

(From Table Bl.l and B2) 

C = +0.6, -0.6 for wall middle area 

= +0.85 for wall ridge (edge) 

= -0.9 for roof middle area 

(with h/d = 0.4 and 9=0") 

External pressure coefficients (local): 

(Ref. Sec. B1.5, Table B3) 

C = 2.0(-0.6) = -1.2 for wall ridge (edge) 
P 

= 1.5(-0.9) = -1.35 for roof eave (components) 

= 2.0(-0.9) = -1.8 for roof eave and roof corner 

(cladding fasteners) 

Internal pressure coefficients (From Table B4): 

C .= 0.0, -0.3 for four walls equally permeable 

Wind Pressures on Components and 

Cladding Fasteners 
p = 8.3 C foĴ  zero internal pressure 
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p = 8.3(C^ + 0.3) otherwise 
z P 

The design wind pressures on components and cladding fasten

ers are shown in Table 8. 

A._3 Based on the British Standard 

The Basic wind speed taken for calculation based on the 

American standard is 70 mph (fastest mile speed). This 

speed translates to a 3 sec gust speed of 39 m/s (basic wind 

speed for the British standard). 

Mean recurrence interval of 50 years is used. 

The basic wind Speed V is multiplied by the wind speed 

factors Sj, S^ and S3 to obtain the design wind speed V^. 

Vs = V S,S,S3 

From Table 2 S^ = 1.0 

From Table 3 S2 = 0.60 upto 10 ft I 

= 0.65 at 16.4 ftl (For class B) 

= 0.66 at 20 ft I 

The above three values of S are applicable for the loads on 

frames. For loads on components and cladding fasteners, 

S2 = 0.72 for class A (Ref. note below Sec. 7.2) 

For loads on frames, components and cladding fasteners, 

S = 1.0 (From Fig.2) 
3 

The dynamic pressure of the wind is evaluated from the 

following equation: 

q = kv2 
^ s 
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where k = 0.613 (in SI units) = 0.00256 (in imperial units) 

Design Wind Loads 

i. Frames 

Transverse wind 

Design wind pressure, 

P = Cpgq (Ref. Sec. 4.3.4a) 

Design wind speed, 

V3 = V S,S2S3 

= (39)(1.0)(0.60)(1.0) = 23.40 m/s upto 10 ft 

= (39)(1.0)(0.65)(1.0) = 25.35 m/s at 16.4 ft 

= (39)(1.0)(0.67)(1.0) = 26.13 m/s at 20.0 ft 

Dynamic pressure, 

q = kv| where k = 0.613 N/m^ 

= (0.613)(23.40)2N/m2= 7.0 psf upto 10 ft 

= (0.613)(25.35)2 -do- = 8.2 psf at 16.4 ft 

= (0.613)(26.13)2 -do- = 8.7 psf at 20.0 ft 

(Conversion factor: 1 psf= 47.88 N/m^) 

Aspect ratios for pressure coefficients: 

Building height ratio = h/w = 20/50 = 0.4 < 1/2 

Building plan ratio = 1/w = 100/50 = 2 

Wind angle, a = 0 ° 

External pressure coefficients (From Table 7): 

C = +0.7 for windward wall 
pe 

= -0.25 for leeward wall 
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= -0.8 

= -0.4 

for windward roof 

for leeward roof 

Wind Pressures on a Frame 

1.Windward wall: 

p = 0.7(7.0) = 4.9 psf 

p = 0.7(8.2) = 5.7 psf 

p = 0.7(8.7) = 6.1 psf 

2. Leeward wall: 

(upto 10 ft height) 

(at 16.4 ft -do- ) 

(at 20 ft -do- ) 

p = -0.25(7.0) = -1.8 psf (upto 10 ft height) 

p = -0.25(8.2) = -2.1 psf (at 16.4 ft -do- ) 

p = -0.25(8.7) = -2.2 psf (at 20 ft -do- ) 

3. Roof: 

p = (C - C .)q 
*̂  pe pi 

For worst effect C .= 0.2 (shown later) 

(i) windward roof 

p = (-0.8 - 0.2)(8.7) = -8.7 psf 

(ii) leeward roof 

p = (-0.4 - 0.2)(8.7) = -5.2 psf 

Base Shear and Overturning Moment 

F = Force on windward wall 

= {(4.9)(10) + (l/2)(4.9+5.7)(6.4) 

+ (l/2)(5.7+6.1)(3.6)1(100) 

= 10.4 kips 

F = Force on leeward wall 
2 
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= {(1.8)(10) + (1/2)(1.8+2.1)(6.4) 

+ (l/2)(2.1+2.2)(3.6)1(100) 

= 3.8 kips 

Base shear, F = F, + F = 14.2 kips 
1 2 *̂  

Overturning moment, 

M = {(4.9+1.8)(20)(10) + (l/2)(5.7-4.9+2.1-1.8)(6.4) 

(10+4.27) + (l/2)(6.1-5.7+2.2-2.1)(3.6)1(100) 

(l/2)(8.7+5.2)(50)(100)(25) 

= 1009.6 ft-kips 

II Components and Cladding Fasteners 

Design wind pressure, 

p = (Cpg- Cpi)q (Ref. Sec. 4.3(4)a) 

The factors Ŝ  , S^ and S3 have been obtained before as: 

Ŝ  = 1.0 S2 = 0.72 and S3 = 1.0 

Design wind speed, 

Vs = V S1S2S3 

= (39)(1.0)(0.72)(1.0) 

=28.1 m/s 
2 

Dynamic pressure, q = KV| 

= (0.613)(28.1)2 

= 483.24 N/m^ = 10.09 psf 

External pressure coefficients (Ref. Table 7 and 8): 

Average C^^ 

+0.7,-0.6 for wall middle area 
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+0.7 for wall corner 

-0.8 for roof middle (Ref Table 8. h/w =0.4 

roof angle = 0,° wind angle = 0° y = 7.5 ft) 

Local Cpg 

-1.0 for wall corner 

-2.0 for roof eave and roof corner 

Internal pressure coefficients (Ref. Appendix E): 

The Cp.j values listed on p.42 (1) through (3) are not 

considered to be conforming to the particular case in study. 

So the coefficient is based on the paragraph (1) given be

low: 

Where there is a negligible probability of a domi
nant opening occuring during a severe storm , Cpi 
should be taken as the more onerous of +0.2 and 
-0.3. 

Wind Pressures on Components and 

Cladding Fasteners 

D = (C - 0.2)(10.09) for internal pressure 
^ pe 
D = (C + 0.3)(10.09) for internal suction 
^ pe 

The design wind pressures on components and cladding fasten

ers are shown in Table 9. 
A._4 Based on the Canadian Standard 

Location: WINDSOR 

(Exposure category B—urban and suburban 

area—as per Supplement(5), p.145) 
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Design external pressure or suction (sec. 4.1.8.1(11), 

on a building as a whole or on cladding is given by 

P = qCgC^Cp 

Net design pressure on components and cladding (sec. 

4.1.8.1(21) shall be the algebraic difference of the exter

nal pressure or suction and the design internal pressure or 

suction calculated from either 

or 

(b) p. = qC^C C . 
T ^ e g pi 

Formula (a) appears to be more appropriate in this case, 

since the building does not have any dominant opening (para 

33, p.150 of Supplement), and hence will be used. 

In this standard reference wind pressure (q) based on 

mean hourly speed are given for a number of geographical lo

cations in a tabular form for three values of annual prob

ability of occurrence. 

Since the building under case study is not a tall one, 

simple procedure will apply (Supplement para 2, p.144). 

Combined values of gust effect factor and pressure 

coefficient as provided in the Supplement are to be used for 

frames, components and cladding as per para 33, p.150. 
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Design Wind Loads 

1 Frames 

Transverse wind 

Design wind pressure, 

^ ^ e g p 

As per sec. 4.1.8.1(4)(c), the reference velocity 

pressure q for design of frames shall be based on an annual 

probability of occurrence of 1/30. 

For 1/30 probability, q = 0.36 KN/m2(From p.17 of Sup

plement) = 7.52 psf 

Exposure factor, C =1.0 (From Table 4.1.8A) 

From Fig. B-6 of Supplement: 

C C = +0.75 for windward wall 
g P 

= -0.55 for leeward wall 

= -1.3 for windward roof 

= -0.7 for leeward roof 

Wind Pressures on a Frame: 

1. Windward wall: 

p = (7.52)(1.0)(0.75) = 5.7 psf 

2. Leeward wall: 

p = (7,52)(1.0)(-0.55) = -4.1 psf 

3. Roof: 

(i) windward roof 

p = (7.52)(1.0)(-1.3) = -9.8 psf 
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(ii) leeward roof 

p = (7.52)(1.0)(-0.7) = -5.3 psf 

Internal pressure coefficient, C is 0.0. 

Base Shear and Overturning Moment 

Base shear, F = (5.7 + 4.1)(20 )(100) 

= 19.6 kips 

Overturning moment, 

M = (19.6)(20/2) + (l/2)(9.8+5.3)(50)(100)(25) 

= 1140 ft-kips 

II Components and cladding fasteners 

Design wind pressure, 

p = qC (C C - C •) 

In accordance with sec. 4.1.8.1.(4)(a), q for compo

nents and cladding fasteners should be based on probability 

1/10. For 1/10 probability, q = 0.29 KN/m^ (From p.17 of 

Supplement) = 6.06 psf 

Exposure factor, C^ = 1.0 (From Table 4.1.8A) 

C C values obtained from Fig. B-7 of Supplement) are 
9 P 
listed below. 

For cladding fasteners : 

C C = 1.8, -1.8 for wall middle area 
g P 

1.8, -2.1 for wall corner 

= -1.8 for roof middle area 

= -2.5 for roof eave 
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= -4.4 for roof corner 

For components: 

CgCp = 1.45, -1.55 for wall middle area 

= -1.5 for roof middle area 

= -2.0 for roof eave 

From Fig. B-11 of Supplement, 

C . = 0.0, -0.3 

Wind Pressures on Components and 

Cladding Fasteners 

p = (6.06)(1.0)(C C_) for zero internal pressure 

p = (6.06)(1.0)(CC - 0.3) otherwise 

The design wind pressures for components and cladding fas

teners are shown in Table 10. 
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