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ABSTRACT: This paper focuses on three items for sharing with the APEC delegates con-
cerning standards and codes in the US. First is a summary paper dealing with a recent study 
conducted by the author and his student Rachel Bashor involving a comparison of interna-
tional codes focusing on high-rise buildings. The second section presents a summary paper 
addressing the need for potentially enhanced load factors for future implementation in stan-
dards related to high-rise buildings to account for uncertain dynamic characteristics. The third 
section deals with a Power Point presentation highlighting the revisions in ASCE 7 05 that 
will lead to ASCE 7 10. 

KEYWORDS: standards and codes; high-rise buildings; load factor; uncertainties; damping; 
design winds

INTRODUCTION

This economy report is a compendium of three documents: 

Comparative Study of Major International Standards
Load Factors for Dynamically Sensitive Structures
Wind Loads Provisions: Current Directions and Developments

In the following a brief synopsis of each document is presented. 

Comparative Study of Major International Standards

Globalization of the construction industry and the development of unified international codes 
and standards intensifies the need to better understand the underlying differences between the 
major international wind loading standards. A comprehensive comparison of the wind loads 
and their effects on tall buildings is conducted utilizing five major international codes and 
standards: ASCE 2005 (American), AS/NZ 2002 (Australian and New Zealand), NBCC 2005 
(Canadian), AIJ 2004 (Japanese), and Eurocode 2004 (European). The key areas of compari-
son include the provisions for strength design in the alongwind, acrosswind, and torsional di-
rections as well as the serviceability requirements in respective directions. As the standards 
utilize the same basic theoretical framework, the equations are re-written in a generic format 
in order to compare the individual parameters.

Load Factors for Dynamically Sensitive Structures

The current recommendations for load factors concerning wind are based on rigid buildings, 
which may not be adequate for dynamically sensitive structures. In light of the uncertainties
associated with the dynamic characteristics of buildings (e.g., mass, stiffness and damping), 
the departure of response being proportional to the square of wind velocity, and the target 
limit states, the load factors for flexible buildings may likely deviate from those currently 



used in ASCE 7-05. This study investigates the efficacy of the current load factors for dynam-
ically sensitive structures in the presence of uncertainties. A systematic analysis is performed 
in which uncertainties associated with each component of the wind load effects is incorpo-
rated. These components include the design wind speed distribution, aerodynamic loads, and 
building dynamic properties. The results of this analysis are discussed in light of previous 
studies and recent efforts, and finally recommendations are made.

Wind Loads Provisions: Current Directions and Developments

This document is a Power Point presentation only as the subject is a very recent development 
concerning the latest changes in ASCE 7 for it ASCE 7 10 version. The PP highlights the 
need for changes and details significant proposed changes, reorganization of wind provisions
and a new addition related to a simplified method for buildings up to 160 feet in height. The 
PP is prepared by Prof. Ron Cook, Chair of the ASCE 7 Wind Task Committee.

CONCLUDING REMARKS

It is envisaged that these documents would help the APEC delegates during their delibera-
tions concerning the harmonization of the building standards, emerging issues like the com-
parison of standards/codes; need to revisit load factors, especially for dynamically sensitive 
buildings and the use of higher mean recurrence interval winds and its implications on load 
factors in light of uncertainties and dependence of damping and frequency on the level of 
building response; upcoming changes in ASCE 7. 
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ABSTRACT

Globalization of the construction industry and the development of unified international codes and standards 
intensifies the need to better understand the underlying differences between the major international wind loading 
standards. A comprehensive comparison of the wind loads and their effects on tall buildings is conducted 
utilizing five major international codes and standards: ASCE 2005 (American), AS/NZ 2002 (Australian and 
New Zealand), NBCC 2005 (Canadian), AIJ 2004 (Japanese), and Eurocode 2004 (European). The key areas of 
comparison include the provisions for strength design in the alongwind, acrosswind, and torsional directions as 
well as the serviceability requirements in respective  directions. As the standards utilize the same basic 
theoretical framework, the equations are re-written in a generic format in order to compare the individual 
parameters. 
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Introduction 

Globalization of the construction industry and the development of unified international 
codes and standards, i.e. ISO Draft [ISO], intensifies the need to better understand the 
underlying differences between the major international wind loading standards. Previous 
studies have found that the varying definitions of wind field characteristics, including mean 
wind velocity profile, turbulence intensity profile, wind spectrum, turbulence length scale, 
and wind correlation structure, were the primary contributors to the scatter in predicted 
response quantities [Zhou et al. 2002; Tamura et al. 2005]. As nearly every major building 
code has been updated in the last few years, it is necessary to update previous code 
comparison work. 

A comprehensive comparison of the wind loads and their effects on tall buildings is 
conducted utilizing five major international codes and standards. These codes - the American 
Society of Civil Engineers Recommendations [ASCE 2005], the Australian and New Zealand 
Standard [SAA 2002], the National Building Code of Canada [NRC 2005], the Architectural 
Institute of Japan Recommendations [AIJ 2004] and the European Standard [Eurocode 2004] 
- all utilize the traditional displacement-based gust loading factor for assessing the dynamic 
along-wind loads and their effects on tall structures but incorporate different provisions for 
acrosswind and torsional loads [Holmes et al. 2005; Tamura et al. 2005]. 

The key areas of comparison include provisions for strength design in the alongwind, 
acrosswind, and torsional directions as well as serviceability requirements in respective 
directions. As the standards utilize the same basic theory, the equations are re-written in a 
generic format in order to compare the individual parameters. Changes from previous 
versions are highlighted and several examples are presented. Finally, the deviations in the 
results are discussed and suggestions are made to improve agreement between the standards.

Wind Characteristics in Codes and Standards 

Although these standards determine wind loading in the along-wind direction using a 
random-vibration-based gust factor approach, the parameters are defined differently. These 
parameters are re-written in a consistent format and compared with each other. Some of the 
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difficulties in using international standards is the use of different terminology and the 
incorporation of factors within other terms, making it hard for designers to work in a global 
environment. Rewriting the basic equations in a generic format will help designers decipher 
the nuances of the different codes and understand the resulting differences in the response. 
Note that the scope of this analysis is limited to dynamically sensitive buildings of regular 
shape. All  standards recommend that extremely tall and irregular shaped structures be
designed using wind tunnel studies. 

Alongwind Wind Loads 
In all five standards, the alongwind loads are determined by multiplying the wind 

pressure by the surface area of the building. The general expression for pressures on a 
building for all the standards can be expressed as: 

pqGCp  (1) 
where q velocity pressure; G gust loading factor; and pC  pressure coefficient. The 
following investigates both internal pressures and external pressures, acting in the windward 
and leeward directions. The loads are then determined by combining the pressures acting on a 
wall and the corresponding tributary area. Moments are determined by multiplying the load at 
a given height by the corresponding height. Base shear forces and moments are then 
determined by the sum of the loads and moments at each level.  

The velocity pressure can be expressed as: 
otherimportancedirectionterrainosure CCCCCVq exp

2
02

1  (2) 
where  air density; 0V  = basic wind velocity; osureCexp  velocity profile or exposure 
factor; terrainC  terrain and topography factor; directionC  = directionality factor; importanceC  = 
building importance factor; and otherC  = a factor accounting for other things such as hurricane 
zone, shielding, or mean recurrence interval. The effects of terrain directionality, building 
importance, and other factors are not considered in this study. However, the definitions of 
velocity profile are analyzed in detail and compared between the five standards.  

Averaging times for wind velocity vary between the standards and within the 
standards. For example, in Eurocode, the velocity is adjusted from 10 minute to one hour for 
calculations of response. In addition, the reference height at which the gust factor and other 
parameters are calculated is different between the codes. These differences between averaging 
time and reference heights affect the intermediate parameters and resulting responses, making 
a simple comparison among the standards challenging. Throughout this analysis, the effect of 
differing averaging times has been minimized as much as possible. 

The gust loading factor for the five standards may be written in terms of a general 
form as: 

vG
RBgrG 1  (3) 

where g is the peak factor for response, r describes the turbulence intensity, vG  is the gust 
factor for the wind velocity pressure, B is the background factor and R is the resonant factor 
general expressed as: 

4
SER  (4) 

with S as the size reduction factor, E as the energy factor, and  as the damping ratio. A 
major portion of this study compares the multiple parameters used to define the gust loading 
factor in the five standards. The parameters are all re-written in terms of a general form so as 
to accurately compare the various parameters. The comparison of the individual parameters 
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reveals several areas of disagreement between the codes, leading to wind loads that may differ 
greatly. 

Acrosswind and Torsional Loads 
Although the standards are fairly consistent with respect to alongwind loading, the 

treatment of acrosswind and torsional loading differs amongst the codes. ASCE, Eurocode, 
and NBCC utilize partial loading to account for acrosswind and torsional loads, although 
ASCE provides an alternative method in the Commentary. The partial loading technique 
simply applies fractions of the alongwind pressures in different combinations. Torsion is 
introduced either by asymmetric loading, as in NBCC and Eurocode, or by an applied 
moment defined as a combination of the alongwind load times an eccentricity (ASCE). The 
procedures used to determine the alongwind and torsion loads are compared in this analysis; 
however, as these procedures typically rely on databases, the results vary to a higher degree 
than the alongwind comparisons. 

Accelerations 
In addition to strength requirements, the serviceability requirements, in terms of 

acceleration, are assessed. All the codes and standards provide equations for defining 
alongwind accelerations, however acrosswind and torsional accelerations are not included in 
every code. The alongwind acceleration can be generically defined as: 

)()(ˆ
1

1

z
m

bhKCGq
zx fxRh  (5) 

where qh is the velocity pressure at the reference height, GR is the resonant component of the 
gust effect factor, Cfx is the force coefficient, b is the building width, h is the building height, 
K is the mode shape correction factor, m1 is the generalized mass in the first mode, and 

k
h
zz)(1  is the first mode shape evaluated at height z.

Example Analyses of Tall Buildings 
To compare the wind loading standards, several example buildings are analyzed with 

each code. The first example building is a square building with height of 200 m, width and 
depth of 33 m, natural frequency for alongwind and acrosswind of 0.2 Hz, damping of 1% in 
all directions, linear mode shapes, building density of 180 kg/m3, air density of 1.22 kg/m3,
basic wind velocity for strength of 40 m/s (3 second) and basic wind velocity for 
serviceability (3 second) of 35 m/s. To convert the velocity to different averaging times, the 
relationship developed by Durst [ASCE 2005] is utilized. The building is analyzed using first 
an urban exposure then an open exposure. Factors accounting for wind direction, importance, 
etc. are assumed to be 1. Selected results from the analysis of Example 1 are presented in 
Table 1. 

The analysis of Example 1 reveals the strong influence of averaging time, velocity 
profile, turbulence profile, and pressure coefficients on the resulting response. In an effort to 
minimize these effects, the second example ensures that these values are equivalent. 
Specifically, the velocity at the roof height, the turbulence intensity at the roof height, and the 
pressure coefficients are the same for each standard. The analysis of the two examples reveals 
that, except in the case of Aerodata’s serviceability, ASCE, Aerodata, and AS/NZ yield 
consistent responses with the same basic wind velocity. Although intermediate parameters 
may vary, Eurocode yields consistent results if the velocity at reference height is modified. 
AIJ and NBCC yield higher results, partly due to differences in averaging time and partly due 
to the use of the Davenport spectrum in NBCC. 
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Table 1: Alongwind Results for Example 1 using Urban Exposure

 ASCE Aerodata AS/NZ Eurocode B Eurocode C AIJ NBCC 

0V  (m/s) 40.0 40.0 40.0 28.1 28.1 28.1 26.4 

refh  (m) 120 200 200 120 120 200 200 

refhV  (m/s) 27.5 32.6 46.4 31.5 31.5 36.4 33.1 

hq  (kN/m2) 1.409 – 1.313 1.726 1.726 0.807 0.425 
B 0.583 – 0.633 0.512 0.409 0.491 0.422 
R 0.526 – 0.601 0.735 1.015 0.810 1.672 

GvG 2.693 – 2.487 2.497 2.613 2.179 2.841 
baseV  (MN) 9.95 8.10 9.65 11.27 11.93 11.39 15.11 

baseM  (MN-m) 1,084 1,112 1,049 1,398 1,477 1,294 1,667 

x  (milli-g) 3.44 3.98 3.38 5.37 6.39 3.96 – 

x̂  (milli-g) 13.03 15.06 10.44 17.21 20.49 12.72 – 
NOTE: Aerodata refers to the Commentary section of ASCE. Eurocode has two methods (B & C) to 
determine gust loading parameters. 0V  is basic wind velocity; 

refh  is reference height; 
refhV  is design 

velocity; hq  is velocity pressure; B is background factor; R is resonance factor, G and Gv are gust factors; 

baseV  is base shear; baseM  is base moment; x  is rms accelerations; and x̂  is peak acceleration.

Concluding Remarks 

This paper looks into the differences and similarities in major international wind codes. 
Although many parameters were examined, the scope is limited to dynamically sensitive, 
regular-shaped buildings with flat roofs that are classified as enclosed. To accurately compare 
the parameters, the various equations are written in a generic format. While significant 
discrepancies are apparent in the comparison of the intermediate parameters, ASCE and 
AS/NZ yield equivalent results in the alongwind directions and similar responses in the 
acrosswind direction. Eurocode also yields consistent results with ASCE and AS/NZ if the 
basic wind velocity is adjusted to match the mean velocity at reference height of ASCE. The 
difference in averaging time affects the responses of AIJ and NBCC when compared with the 
other standards. Finally, the results using NBCC are shown to be especially large due, in part, 
to the large discrepancy of the normalized wind velocity spectrum. 
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ASCE 7ASCE 7--05 Wind Pressure Equation05 Wind Pressure Equation

�� Involves Involves 4848 different variablesdifferent variables
�� Re uires solution to Re uires solution to 2424 e uationse uations
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qq qq

Wind Variable Categories (6 categories, 48 variables)

Building Geometry (5 variables):
B, L, h, Cpw, Cpw, z

Building Properties (3 variables)
I , T, 

Wind Speed (4 variables)
V, zV , qz, qh

Designing for Wind 40

Wind Climate (18 variables)
Kz, Gf, zI , z , gQ, gR, gv, Q, R, zL , RN , Rh , RB , RL, N1, BLh ,,

Terrain Exposure (8 variables)
, zg, , b , c, l , , zmin

Site Topographic Features (9 variables)
Kzt, K1, K2, K3, H, LB, x, ,
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Roof Pressure ZonesRoof Pressure Zones

Roof Shapes:Roof Shapes:

Roof Pressures Roof Pressures -- MWFRSMWFRS
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�� FlatFlat
�� GableGable
�� HipHip
�� Monoslope Monoslope 
�� MansardMansard

V (MPH)Roof ZoneRoof SlopeHeight h (ft)

Pressure (psf)
Two load cases

Roof Pressures Roof Pressures -- MWFRSMWFRS
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(
for sloped roofs)

Exposure B,C,DExposure B,C,D
TablesTables
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Revisions to LowRevisions to Low--Rise Envelope MethodRise Envelope Method

Current Fig. 6-10
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Note 7: For the design of the 
MWFRS providing lateral 
resistance in a direction 
parallel to a ridge line or 
for flat roofs, use  = 0°
and locate the zone 2/3 
boundary at the mid-
length of the building.

Revisions to LowRevisions to Low--Rise Envelope MethodRise Envelope Method

Roof LOAD CASE A
Ang le 

Building Surface(degrees
)

1 2 3 4 1E 2E 3E 4E

Revised Fig. 6-10
A return to ASCE 7-98
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0-5 0.40 -0.69 -0.37 -0.29 0.61 -1.07 -0.53 -0.43
20 0.53 -0.69 -0.48 -0.43 0.80 -1.07 -0.69 -0.64

30-45 0.56 0.21 -0.43 -0.37 0.69 0.27 -0.53 -0.48
90 0.56 0.56 -0.37 -0.37 0.69 0.69 -0.48 -0.48

Roof LOAD CASE B
Ang le 

Building Surface(degree
s)

1 2 3 4 5 6 1E 2E 3E 4E 5E 6E
0-90 -0.45 -0.69 -0.37 -0.45 0.40 -0.29 -0.48 -1.07 -0.53 -0.48 0.61 -0.43
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