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SUMMARY 
 
The decade of the 1990s was one of significant evolution for seismic design code provisions in the United 
States of America. For many years, cities in the Midwestern and Eastern U.S. relied upon model codes that 
contained outdated seismic design provisions. As these cities adopt modern model building codes, they 
are suddenly thrust into the era of modern seismic structural design. When this happens, a hasty judgment 
is often made that the lateral load resisting system of a building will typically become heavier, and thus 
more costly, due to seismic design forces being greater than wind design forces. This paper studies, in a 
rational manner, the broad-brush assertion that modern seismic design considerations increase seismic 
forces. A series of prototype buildings are selected for study. Geographical locations of Chicago, Atlanta, 
New York City and St. Louis are used. The wind load base shear force for each building is compared to 
the seismic base shear developed from the equivalent lateral force procedure, where the design loads are 
determined in accordance with various editions of the ASCE 7 standard for minimum design loads. The 
comparison between wind and seismic base shear is made in a unique fashion: factored wind load base 
shear forces are expressed as a pseudo-acceleration, building height is represented by approximate 
fundamental period, and the resulting curve representing wind base shear versus building height is plotted 
on the same graph as the seismic design acceleration spectrum. In many but not all instances, strength 
proportioning of the lateral system is dominated by wind load design forces. The design of some lowrise 
structures may be dominated by seismic design base shear, even in regions of relatively low seismicity. 
Nevertheless, it is argued that, for ordinary structural systems not detailed in accordance with stringent 
seismic detailing practices, seismic design base shear requirements are not significantly more costly than 
those of ordinary wind design. 
 

INTRODUCTION 
 
The decade of the 1990s was a period of many changes for seismic design provisions in the United States. 
The more significant changes were:  
 

• A major change in definition of the design ground shaking hazard. At the beginning of the 1990s, 
the design hazard was the ground acceleration on rock having a 10% probability of exceedence in 
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50 years. The design hazard is now established at 2/3 of the acceleration on rock having a 2% 
probability of exceedence in 50 years. 

• Studies of seismicity in the U.S. were significantly updated, and new ground shaking hazard maps 
were released in 1996. Prior to this, the ground shaking maps were based upon studies from the 
1970s. 

• Addition of new site soil profile classes, along with updated and more sophisticated application of 
site coefficients. At the beginning of the decade, site coefficients consisted of a single numeric 
value for each of three or four site profile types. There are now six site classes, and the numeric 
coefficients for each site class vary with magnitude of mapped ground shaking. 

 
Further description of these and other changes can be found in Appendixes A and B of the Commentary to 
the NEHRP Recommended Provisions for Seismic Regulations for New Buildings and Other 
Structures [1]. 
 
These changes each have potentially significant effect on the magnitude of design spectral response 
accelerations, particularly for seismic design in the Eastern and Midwestern U.S.  In these regions of the 
U.S., there is a strong perception that seismic design forces have increased significantly as these changes 
have been incorporated into the building codes that legally govern seismic design. It is the intent of this 
paper to quantitatively evaluate the apparent change in the seismic design forces. Comparison will be 
made of seismic design base shear forces determined according to the 1993, 1995, and 1998 editions of 
the consensus-based U.S. design standard, Minimum Design Loads for Buildings and Other Structures, 
Standard ASCE 7 (ASCE 7-93 [2], ASCE 7-95 [3], ASCE 7-98 [4]). These versions of the ASCE 7 
standard, which in turn were based upon various editions of the NEHRP Recommended Provisions, 
represent seismic design as it evolved. The geographic locations considered for these comparisons are 
limited to the major urban centers of: Chicago, Illinois; Atlanta, Georgia; New York, New York; and 
St. Louis, Missouri. 
 
To assess the practical significance of any change in seismic design base shear forces, a comparison is 
made to factored wind design base shear forces calculated according to ASCE 7-95 [3]. The comparison is 
made in a unique, graphical fashion whereby the factored wind design forces for various prototype 
buildings are plotted on the same graph as the seismic design spectral acceleration. The use of prototype 
buildings is necessary because building-specific data such as total height, seismic mass (dead load), and 
projected façade elevation areas are required in the calculations that support these comparisons. When 
presented graphically in this manner, the comparison of these two disparate design forces (seismic versus 
wind) can be rapidly made for a wide range of different prototype buildings having diverse types of lateral 
load resisting systems. 
 
The author wishes to emphasize that the findings in this paper are not intended to support any erroneous 
conclusion that “wind design governs over seismic design” and therefore seismic-related detailing 
requirements can be ignored. Rather, the comparisons are intended to simply assess whether the minimum 
required design base shear strength for the lateral load resisting system is governed by wind base shear 
forces or by seismic design base shear forces. This paper does not review the differences in story shears on 
a floor by floor basis, nor does it examine overturing moments. Under the modern U.S. building codes 
referenced in this paper, seismic detailing requirements are established solely in accordance with the 
seismic design category that is assigned to a structure, which is not at all related to the relative magnitude 
of the wind base shear versus seismic design base shear. It is entirely possible to have a structure where 
the strength proportioning for the lateral load system is dominated by wind design considerations and the 
detailing for the lateral system is governed by seismic design considerations. 
 



 

SEISMIC AND WIND DESIGN SETTINGS FOR THE SELECTED CITIES 
 
The urban centers selected as locations for the prototype buildings are Atlanta, Chicago, New York City, 
and St. Louis. The basic seismic and wind design coefficients are summarized in Table 1. These urban 
centers were selected because they are located in regions of low to moderate seismicity. Locations of high 
seismicity, such as the New Madrid zone and the city of Charleston, South Carolina, were not considered 
because design in these areas is clearly dominated by seismic concerns. 
 
For an actual building location in each of these urban centers, the seismic soil profile type and wind 
exposure category could realistically take on any of the profile types or exposure categories listed in the 
codes. In this paper, two soil profile classes, on rock and on soil, are both considered for seismic design. 
For wind design, the wind exposure representing urban/suburban areas is considered in all cases, with 
consideration given to wind exposures representing open country and unobstructed areas (wind flowing 
over water) on a case-by-case basis. 
 
It is acknowledged that the selected ASCE 7 codes may not necessarily be the legally adopted codes for 
wind and seismic design in each of the four selected urban centers. Very often in the U.S., major cities 
will develop their own building code, or will adopt a model building code only after making significant 
revisions. The suburbs surrounding the major city found in each of these urban centers may not utilize the 
same building code as the major city. No attempt was made to adjust design forces to be in accordance 
with any locally written, legally enforceable building code. The comparisons made utilize the ASCE 7 
provisions in their original, unmodified language. Typically, when a jurisdiction develops its own building 
code, an ASCE 7 edition is frequently adopted by reference or the wind and seismic design load 
provisions are adapted from ASCE 7. Consequently, the comparisons presented remain relevant even 
when a local jurisdiction develops its own building code. 
 
Seismic Design Provisions 
Seismic design acceleration spectra are developed according to the seismic design provisions found in 
each of the ASCE 7-93, ASCE 7-95 and ASCE 7-98 editions. These editions cover the transition of 
seismic design provisions described by the bullet-point items in the Introduction section of this paper. The 
oldest edition considered in this paper is ASCE 7-93, which is taken to represent the state of seismic 
design prior to the changes listed in the Introduction section of this paper. ASCE7-95 represents seismic 
design at one “snapshot” during the transition; the new site soil profile classifications and associated site 
coefficients were introduced with this edition of the ASCE 7 provisions. ASCE 7-98 represents the state 
of seismic design at the end of the transition period; this edition of the code includes not only the new site 
classifications and site coefficients, but also relies on the new definition of design ground shaking and 
maps based on updated seismicity studies. 
 
The most recent edition of the ASCE 7 Standard is the 2002 edition [5]. While some changes of moderate 

significance have been made to the 
seismic design provisions as found 
in this edition, for the purposes of 
this paper, the design accelerations 
and base shear coefficients 
determined according to 
ASCE 7-02 are not significantly 
different from those determined 
according to ASCE 7-98.  
 

Table 1 — Basic Parameters for  Seismic and Wind Design 
Mapped Accelerations 

ASCE 7-93 and 
ASCE 7-95 

ASCE 7-98 
Wind Speed 
ASCE 7-95 

Urban 
Center 

Abbrevi-
ation 

Aa 
(g) 

Av 
(g) 

Ss 
(g) 

S1 
(g) 

V 
(mph) 

Atlanta ATL 0.10 0.10 0.26 0.11 90 
Chicago CHI 0.04 0.05 0.19 0.07 90 

New York NYC 0.14 0.10 0.42 0.09 115 
St. Louis STL 0.12 0.13 0.55 0.17 90 



 

For the prototype buildings, the lateral force resisting systems are limited to ordinary detailed systems that 
are permitted in regions of low to moderate seismic hazard. The response modification coefficients (R-
factors) for the lateral systems are taken from ASCE 7-98. For the most part, ASCE 7-93 and ASCE 7-95 
have the same values for these coefficients. Where the values of the coefficients do differ between 
editions of ASCE 7, the difference is small and is typically a reduction by 0.5. This difference is not 
significant for the purpose of this paper. 
 
In all cases, the equivalent lateral force procedure is used with the importance factor taken as one. The 
prototype buildings are presumed to be located on sites classified as rock or soil. Sites on rock are 
assigned Site Class B under ASCE 7-95 and ASCE 7-98, and Soil Type S1 under ASCE 7-95. A site on 
soil is taken to be Site Class D according to ASCE 7-95 and ASCE 7-98. With these code editions, Site 
Class D is also the default classification to be assumed if the soil properties are not known in sufficient 
detail to determine a site class. For ASCE 7-93 spectra, Soil Type S3 was utilized because it is the closest 
match to Site Class D of ASCE 7-95 and ASCE 7-98, even though the default soil type according to 
ASCE 7-93 does not correspond to Type S3. 
 
Seismic Design Spectra 
Design Spectra on “Rock”  
Seismic design acceleration spectra on rock for each of the four urban centers are given in Figure 1. For 
Atlanta and New York City, design accelerations on rock have decreased with the 1998 and subsequent 
editions of the ASCE 7 seismic design provisions. In Chicago and St. Louis, design accelerations in the 
long period region of the spectra have also decreased, whereas a modest increase of about 25% can be 
observed for the short-period region. Considering only design accelerations according to ASCE 7-98, the 
ranking of these urban centers from least severe to most severe is Chicago, Atlanta, New York City, and 

St. Louis. 
 
Design Spectra on “Soil” 
It is also of interest to look at spectra 
on soil, shown in Figure 2. For spectra 
of sites on soil in all four urban 
centers, there is a noticeable increase 
of design accelerations calculated 
according to the ASCE 7-95 
provisions as compared to those based 
on the ASCE 7-93 provisions. This is 
attributable to the introduction of the 
revised approach to site coefficients 
alone, because the updated 
acceleration maps and the new 
definition for design acceleration are 
not introduced until the ASCE 7-98 
edition.  
 
For sites on soil, design accelerations 
calculated according to ASCE 7-98, 
which represents seismic design at the 
end of the 1990s transition period, are 
generally comparable to design 
accelerations calculated according to 
ASCE 7-93. The exceptions are the 
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Figure 1 — Design spectral acceleration for sites on 
rock (Site Class B or S1) 



 

short period regions of the spectra for 
Chicago and St. Louis, where design 
accelerations on soil are 100% greater 
for Chicago, and 67% greater for 
St. Louis. It was previously noted that 
the spectrum on rock for each of these 
two urban centers has increased by 
approximately 25% in the short period 
region. Consequently, the observed 
increase for sites on soil is due to all 
three of the transitional changes 
described in the Introduction section 
of this paper, with the majority of the 
increase in the short period region of 
spectra for sites on soil attributed to 
the introduction of the new site 
coefficients. 
 
Seismic Design Categories 
Seismic design categories (SDC), 
originally called seismic performance 
categories (SPC) in ASCE 7-93 and 
ASCE 7-95, are given in Table 2 for 
each urban center considered in this 
paper. The SDC is used to establish 

various limitations and requirements on the analysis, design and detailing of a structure for seismic 
considerations based on anticipate ground motions and seismic risk. The SDC severity increases from A to 
F, with SDC A having the least limitations, and SDC F being the most restrictive. It is commonly accepted 
that building sites with SDC A or SDC B are considered exposed to low seismic hazard, SDC C 
corresponds to moderate seismic hazard, and SDCs D, E and F corresponds to high seismic hazard. 
 
For ASCE 7-93 and ASCE 7-95, the SDC is determined from the magnitude of the mapped value of 
effective peak velocity-related acceleration, and thus is independent of site soil classification. For 
ASCE 7-98, the SDC is determined from the magnitude of design accelerations, and therefore is 
influenced by site soil classification. Also for ASCE 7-98, the SDC is evaluated for design accelerations at 
both short periods and at a period of 1.0 second, with the more restrictive SDC governing. 
 
Because the assignment of the SDC for a site is related to ground accelerations, examination of SDCs can 
be useful in indirectly comparing how ground shaking has changed among the different editions of the 
ASCE 7 code. When comparing SDC determined for ASCE 7-93 and ASCE 7-95 to the SDC of Site 
Class B for ASCE 7-98, it can be seen that, in fact, the severity of the SDC decreases by one category for 

all urban centers except 
for St. Louis. The SDC 
for St. Louis remains 
unchanged. 
 
Also of interest is 
comparison of SDC 
determined for ASCE 
7-93 and ASCE 7-95 to 
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Figure 2 — Design spectral acceleration for sites on 
soil (Site Class D or S3) 

Table 2 —  Seismic Design Categories 
ASCE 7-98 

Site Class B Site Class D 
Urban 
Center 

ASCE 7-93 
and 

ASCE 7-95 Based 
on SDS 

Based 
on SD1 

Most 
Severe 

Based 
on SDS 

Based 
on SD1 

Most 
Severe 

Atlanta C B B B B C C 
Chicago B A A A B B B 

New York C B A B C C C 
St. Louis C C B C C D D 



 

the SDC of Site Class D for ASCE 7-98. This would represent the effect that site soil classification has on 
the determination of SDC. In this comparison, the severity of the SDC for all urban centers stays the same, 
except for St. Louis, which increases by one category. 
 
In general, the severity of the SDC that is likely to be assigned to a site in any of these urban centers has 
generally not increased with changes in code editions. Furthermore, depending upon site soil 
classification, the severity of the SDC may decrease when evaluated under the most recent code edition, 
ASCE 7-98, and also ASCE 7-02. 
 
Wind Design 
Significant changes were also made to the wind design provisions during the decade of the 1990s, but 
description and evaluation of the wind-related changes is not within the scope of this paper. The wind 
design forces presented are based on ASCE 7-95. This edition of the code was selected so as to avoid 
complications related to the directionality factor that was introduced in the ASCE 7-98 edition. Costal 
region wind contours were also adjusted between ASCE 7-95 and ASCE 7-98. Nevertheless, the wind 
design forces produced by the ASCE 7-98 and ASCE 7-02 editions for the main wind force resisting 
systems of conventional building structures should be comparable to the ASCE 7-95 wind design forces 
considered in this paper. For simplicity of the wind load calculations, all prototype buildings are assumed 
to be rigid, topographic factors are neglected, and the importance factor is taken to be one. 
 
The basic wind speeds listed previously in Table 1 are taken from the appropriate map in ASCE 7-95. 
Atlanta, Chicago and St. Louis are all located inland, and thus all have a basic wind speed of 90 mph. 
New York City is located in a hurricane costal region, and thus has a basic wind speed of 115 mph. It is 
noted that special wind speed contour maps for hurricane coastal regions were introduced with 
ASCE 7-98 edition, including specific assignment of these costal regions to Exposure Category C. 
Consequently, the basic wind speed for New York City could be taken as 105 mph with Exposure 
Category C for wind design under ASCE 7-98 and ASCE 7-02. Nevertheless, the value of 115 mph under 
Exposure Category B and D are used to maintain consistency with the general wind design provisions of 
ASCE 7-95. 
 
Most wind design base shear forces developed in this paper are based on Exposure Category B, which is 
described in ASCE 7-95 as “urban and suburban areas, or other terrain with numerous closely spaced 
obstructions having the size of single family dwellings or larger.” In a few instances, however, Exposure 
Categories C and D are utilized for comparative purposes. Exposure C is described as “flat open country 
and grasslands,” which may be present on the outer fringes of these urban centers. Exposure D is 
described as “flat unobstructed areas exposed to wind flowing over open water for a distance of at least 
1 mile.” This exposure, for example, would be applicable to buildings sited on the shoreline of Lake 
Michigan in Chicago, and along the rivers’ edges in New York City. 
 

PROTOTYPE STRUCTURES 
 
To develop the comparison between base shear forces for wind and seismic design, it is necessary to study 
specific structures with known seismic mass, projected building elevation areas, and structure height. The 
prototype structures were adapted from example problems found in published seismic structural design 
references, such as Connor, et al. [6], Ghosh and Fanella [7], Shea, et al. [8] and Williams [9]. Buildings 
were limited to the primary materials systems of structural steel and reinforced concrete, with several 
different prototype structures considered for each system. Coefficients relevant to the seismic and wind 
calculations are summarized in Table 3. For the calculations summarized in this paper, the number of 
stories in each prototype building vary from 1 to 40. For the sake of completeness, however, the table lists 



 

the total number of levels as published in each example problem. As discussed previously, the tabulated 
R factors were assigned according to ASCE 7-98. 
 
These particular prototype buildings were selected primarily because they include lateral force resisting 
systems that do not require seismic detailing. For example, all of the reinforced concrete systems listed in 
Table 3 can be designed without utilization of any seismic-related provision listed in Chapter 21 of 
Building Code Requirements for Structural Concrete, ACI 318-02 [10]. For the structural steel systems 
listed in the table, given the selected R factors, the systems must follow the requirements for ordinary 
moment frames and ordinary concentrically braced frames given in the Seismic Provisions for Structural 
Steel Buildings [11]. Other than perhaps some physical details related to welding of beam-to-column 
connections, the requirements for ordinary steel frames are not unduly restrictive as compared to wind 
design, and therefore are also probably not more costly. Regarding the physical details related to the 
welded beam-to-column connections in ordinary steel moment frames, these details are somewhat similar 
to those of welds in bridge members subject to elastic fatigue, and so these details will be familiar to 
experienced fabricators and erectors, and thus will also be not unduly costly. In ASCE 7-98, there is a 
seismic force resisting system identified as “structural steel systems not specifically detailed for seismic 
resistance.” This system is assigned an R factor of 3. This system is mentioned here for the sake of 
completeness, but is not considered in this paper. 
 
It is important to keep in mind that the SDC may impose limitations on the seismic force resisting systems 
listed Table 3. For the most part, these systems are not limited in SDC A, SDC B, and SDC C, which are 
the primary categories considered in this paper. One exception is the concrete ordinary moment resisting 
frame, which is not limited in SDC A and SDC B, but is not permitted in SDC C through SDC F. 
Considering the SDC assignments given in Table 2 according to ASCE 7-98, this particular system could 
not be used in St. Louis at all, and could be used in Atlanta and New York City only for sites on rock. 
Regarding use of these systems in SDC D, which is the case for St. Louis sites on soil, all of the systems 

Table 3 —  Prototype Structures 
Story Heights 

(ft) 
Story Weights 

(kips) 
Lateral Force Resisting System R 

Factor 
Plan 

Dimen-
sions 

(ft x ft) 
First 
Floor 

Typical 
Floor 

Typical 
Floor 

Roof 

Total 
Levels as 
Published 

S-BF1: Ordinary concentric braced 
frame, wind narrow face [7] 

5 214 x 154 14.0 12.0 2630 2530 5 

S-BF2: Ordinary concentric braced 
frame, wind wide face [6] 

5 125 x 95 14.0 14.0 1100 1100 3 

S-MF1: Ordinary moment frame, wind 
wide face [7] 

4 204 x 144 15.0 13.5 2235 2065 4 

St
ru

ct
ur

al
 S

te
el

 

S-MF2: Ordinary moment frame, wind 
narrow face [9] 

4 178 x 127 22.33 13.33 2575 1975 7 

Frame with ordinary shear walls [8]; 
C-FW1, wind wide face; 
C-FW2, wind narrow face 

5 148 x 70 14.0 10.0 1700 1550 6 

C-BW1: Bearing walls of ordinary 
concrete, wind wide face [8] 

4 143 x 62 10.0 10.0 1360 978 7 

C-BW2: Bearing walls of ordinary 
concrete, wind narrow face [9] 

4 200 x 66 8.67 8.67 1845 1745 20 

C-MF1: Ordinary moment frame, 
wind wide face [8] 

3 155 x 95 13.0 13.0 1960 1625 3 

R
ei

nf
or

ce
d 

C
on

cr
et

e 

C-MF2: Ordinary moment frame, 
wind narrow face [9] 

3 153 x 102 21.67 12.5 3460 3260 10 



 

listed in the table are either not permitted or have significant restrictions. These restrictions could have 
cost implications. Nevertheless, later in this paper, comparisons are made using these systems on soil sites 
in St. Louis simply to maintain consistency of the comparisons that are made among the various urban 
centers. 
 

COMPARING SEISMIC AND WIND DESIGN FORCES 
 
Methodology for the Comparison 
The method of comparison developed is simply intended to be a mathematical convenience for assessing 
the relative magnitudes of wind design and seismic design base shear forces for a series of prototype 
buildings. The comparison is made by presenting plots of wind design force versus building height on the 
same graph as seismic design acceleration versus building period. In order to plot wind loads on these 
graphs, transformed coordinates are utilized for wind design base shear force and for building height. The 
wind base shear design force is represented as a pseudo-acceleration, specifically, the acceleration that 
would result in a seismic design force equal to the wind design force. The substitute for building height is 
the approximate fundamental period, calculated in accordance with usual seismic design procedures. It 
should be noted that the pseudo-acceleration has no physical meaning related to wind load behavior of a 
structure; it is simply a tool of mathematical convenience for the comparison methodology presented in 
this paper. 
 
The detailed comparison procedure is developed by considering the usual procedural steps used in 
calculating seismic and wind design base shear forces, as summarized in Table 4. The design steps are 
presented in an order that is convenient to the purposes of this paper. At Seismic Design Step 3 (Step 
SD-3), a graph of design spectral acceleration versus building period, SD versus T, can be plotted using 
equations found in the seismic design codes. 
 
The transformed-coordinate plot of wind base shear versus building height is constructed as follows. It is 
assumed that a prototype building with particular plan dimensions, building unit mass (e.g., seismic dead 
load per story), and building height (i.e., number of stories) has been selected. Based on the selected 

Table 4 — Procedure Steps for Calculating Seismic and Wind Base Shear Forces 
Seismic Design Wind Design 

1. Obtain mapped earthquake spectral accelerations 
for the building site 

2. Determine site soil profile classification and obtain 
associated site coefficients 

3. Use the mapped accelerations and site coefficients 
to determine earthquake design spectral 
accelerations, SD 

4. Identify the basic seismic force resisting system and 
obtain associated response modification coefficient, 
R 

5. Use the height of the structure above grade, h, to 
calculate the approximate fundamental period of the 
building, Ta 

6. Using SD, Ta, and R, calculate the seismic base 
shear coefficient, Cs 

7. Calculate the total seismic dead load, W, for the 
building 

8. Calculate seismic base shear, Vs = Cs W 

1. Obtain mapped basic wind speed, V, for the 
building site, and determine the exposure category 
for the building site 

2. Obtain the velocity pressure exposure coefficient, 
kz, as a function of arbitrary height, z, above ground 
level 

3. Develop the velocity pressure, qz, as a function of 
arbitrary height, z; and determine qh, the velocity 
pressure evaluated at mean roof height, h 

4. Obtain factors G, Cp, and GCpi, appropriate for the 
main wind force resisting system 

5. Develop the design pressure, pz, as a function of 
arbitrary height, z 

6. Using the plan dimensions and height of the 
building, integrate pz, from z=0 to h, over the 
projected area of the building elevation to obtain the 
design wind force, Fw, for a structure of height h 

7. Calculate wind base shear, Vw= 1.3 Fw, where 1.3 is 
the load factor on wind in accordance with 
ASCE 7-95 



 

prototype configuration, the factored wind base shear, Vw, is calculated according to Steps WD-1 through 
WD-7, and the seismic dead load, W, is calculated according to Step SD-7. The following additional steps 
are added to the wind design procedure: 
 

WD-8 The building height, h, that produced the wind base shear, Vw, is used to calculate an 
approximate period Ta-wind according to the usual seismic design approach (i.e., 
Step SD-5) 

WD-9 The wind base shear force is normalized to the seismic dead load, W, in order to 
produce a wind base shear coefficient, calculated as Cw = Vw/W 

WD-10 The pseudo-acceleration is produced by multiplying the wind base shear coefficient, 
CW, by the response modification factor, R, to produce the pseudo-acceleration 
related to wind, SDW = CW•R 

 
The data point (SDW,Ta-wind) is plotted on the graph of the seismic design acceleration spectrum. Stories are 
added to or subtracted from the prototype building while keeping the plan dimensions and typical story 
mass constant, and a new data point (SDW,Ta-wind) is calculated for the taller or shorter structure. This 
process is repeated and additional data points (SDW,Ta-wind) are plotted until the range of building heights 
of interest has been represented. 
 
Results of Comparisons 
The results of the comparisons are presented graphically in Figure 4 through Figure 6, inclusive, for the 
urban centers of Chicago, Atlanta, New York City, and St. Louis, respectively. In the figures, the seismic 
design acceleration spectra are plotted as lines without symbols. A legend on each plot identifies the 
particular edition of ASCE 7 from which each seismic spectra curve was determined. The transformed 
wind base shear forces are plotted as lines with symbols. For the wind base shear curves, solid lines 
represent structural steel building and dashed lines represent reinforced concrete buildings. Symbols on 
the wind base shear curves appear at total stories of 1, 2, 3, 4, 5, 6, 9, 12, 15, 20, 25, 30, and 40 stories. 
Starting with a 1-story building plotted as the shortest building period, symbols for greater numbers of 
stories appear along the curve in the sequence given above as period lengthens. A coded abbreviation for 
the wind shear curve is given in the legend for each prototype building. The coded abbreviations are 
defined in the first column of Table 3.  
 
Each of Figure 4 through Figure 6, inclusive, is comprised of four graphs. The first graph is always for the 
case of seismic design accelerations for a seismic site on rock (Site Class B or Soil Type S1) and an 
urban/ suburban wind setting (Exposure Category B). The second graph is for a seismic site on rock and a 
more severe wind setting, chosen as open country (Exposure Category C) for Atlanta and St. Louis, and 
unobstructed wind from over water (Exposure Category D) for Chicago and New York City. The third 
graph is for a seismic site on soil (Site Class D or Soil Type S3) and the more severe wind setting. The 
first and third graphs bound the cases of least and greatest wind and seismic forces, respectively, and the 
second graph represents an intermediate case of more severe wind forces against less severe seismic 
forces. 
 
The fourth graph each of Figure 4 through Figure 6, inclusive, is once more for the case of a seismic site 
on soil along with the more severe wind setting, except that the building periods for each point on the 
wind base shear plots have been lengthened. The significance of the fourth graph in each figure is 
described in more detail later in this subsection. 
 
In the discussions that follow, midrise structures are considered to be those with heights in the range of 
6 to 15 stories, lowrise have less than 6 stories, and highrise have more than 15 stories. 
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 Figure 4 —  Chicago: Seismic Accelerations 

and Wind Pseudo-Accelerations 
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Figure 5 —  New York City: Seismic Accelerations 

and Wind Pseudo-Accelerations 
 Figure 6 —  St. Louis: Seismic Accelerations and 

Wind Pseudo-Accelerations 



 

The wind load curves for a few particular prototype buildings have unique shapes that are worthy of 
examination. A significant decrease in wind pseudo-acceleration is observed from the single-story case to 
the two-story case for both Prototypes S-MF2 and C-MF2, which are the second examples of ordinary 
moment frames for structural steel and reinforced concrete, respectively. This decrease occurs because 
each of these two particular prototype buildings has a significantly taller first story height relative to the 
height of a typical upper story. This results in the single-story case having a relatively larger projected 
wind load area as compared to the per-story projected wind load for the taller cases for these prototypes. A 
similar but lesser effect can be observed for several other prototype buildings. 
 
The wind load curve for Prototype S-BF2, the second example of a structural steel concentrically braced 
frame, always plots at the highest position on each graph. This is because this building has a relatively 
light seismic reactive weight per unit of projected wind area, which results in wind loads dominating over 
seismic design forces. This building is almost exclusively dominated by wind base shear forces for all 
heights of structure in Chicago and New York City, and for lowrise structure heights only in Atlanta and 
St. Louis. 
 
As is to be expected, seismic base shear forces dominate over wind base shear forces for short and heavy 
(i.e., greater seismic weight per unit of projected wind load area) structures, most notably 
Prototypes C-BW2 and C-FW2. In every urban center, these buildings are dominated by seismic lateral 
forces for lowrise and midrise structures, even for the modest (SDC A on Site Class B) ground shaking of 
Chicago. 

 
The immediately preceding discussion suggests that Prototypes S-BF2, C-BW2 and C-FW2 are atypical 
buildings when compared to the remaining seven prototype structures. Close examination of Figure 4 
through Figure 6, inclusive, supports this assertion, because the pseudo-acceleration curves representing 
wind loads on the remaining seven prototypes are all tightly banded together in each of the graphs 
presented in these figures. When consideration is limited to the central band of seven curves, the 
following general trends are observed. 
 
The generalized, relative observations for Chicago and New York City are surprisingly similar. Given site 
conditions that produce lower seismic design force levels (i.e., sites on rock) and more severe wind 
exposure, the design base shear for the lateral force resisting system is almost exclusively that of wind 
loading, except for the shortest of buildings in New York City. Otherwise, for situations where wind and 
seismic conditions either both produce lower design forces or both produce greater design forces, it is only 
the lowrise structures that are potentially dominated by seismic design forces. In New York City, 
ASCE 7-98 (and subsequent editions) produces the least seismic design base shear. In Chicago, the same 
holds true for longer period buildings in general and for short period buildings on rock. For long period 
buildings on soil sites in Chicago, there is considerable relative variation of seismic design base shear 
accelerations among the various editions of ASCE 7. 
 
In Atlanta, seismic base shear forces control lowrise building design, midrise buildings may be dominated 
by either design force depending upon site class and wind exposure, and highrise buildings are dominated 
by wind design. In St. Louis, relative observations are roughly the same, except transitions take place at 
numbers of stories slightly greater than in Atlanta. In both Atlanta and St. Louis, the relative relationship 
between base shear forces for wind design and seismic design is generally the same for all editions of 
ASCE 7 considered in this paper. 
 
In accordance with the various editions of the ASCE 7 standard , determination of fundamental period, T, 
of a structure is not constrained to solely the approximate method given in the standard. It is permissible 
to determine the fundamental period through the use of a properly substantiated analytical procedure, such 



 

as a frame analysis program or a finite element model. When determined analytically, the fundamental 
periods for the prototype buildings are likely to be greater than that determined by the approximate 
method. This can alter the relative relationship between wind and seismic design base shears, especially 
for the midrise and highrise prototypes, because seismic base shear design forces decrease with increasing 
period. 
 
Since excessively large estimates of fundamental period would be unconservative, the ASCE 7 standard 
imposes an upper limit on analytically determined periods: the analytically determined period, T, shall not 
exceed the value Cu•Ta, where Ta is the approximate period and Cu is a coefficient varying from 1.2 to 1.7. 
In ASCE 7-98, coefficient Cu is a function of design acceleration SD1, and typically takes on a value in the 
range of 1.5 to 1.7 for the urban centers considered in this paper.  
 
In the fourth graph found in each of Figure 4 through Figure 6, inclusive, it has been assumed that the 
fundamental periods the prototype structures is equal to the upper limit, Cu•Ta. This assumption does not 
affect the magnitude of the wind pseudo-acceleration, but it does shift the position each data point in the 
direction of greater fundamental period. In each of the four figures, the site class and wind exposure of the 
fourth graph is the same as those of the third graph. For lowrise structures, period increase is not great and 
thus there is little noticeable difference. For midrise and highrise structures, however, period increase is 
more significant. For example, consider seismic design accelerations in Chicago according to ASCE 7-98. 
Midrise structures are dominated by seismic base shear forces when T=Ta, but are dominated by wind 
design forces when T=CuTa. Consequently, particularly in areas of lower seismicity, analytically 
determined periods may reduce seismic design forces to the point that wind design forces control. 
 

DISCUSSION 
 
When consideration is limited to the relative relationship between wind and seismic forces, the various 
editions of the ASCE 7 design load standard produce generally the same relative conclusion in each of the 
four urban centers considered in this paper. There is one notable exception to this finding, which is for the 
very narrowly defined case of lowrise structures on soil sites in Chicago. In this particular case, there are 
possibly significant differences among the seismic design accelerations specified by different editions of 
the ASCE 7 standard, with ASCE 7-93 yielding wind forces greater than seismic forces, and ASCE 7-98 
yielding seismic forces greater than wind forces.  
 
For absolute seismic design base shear forces for short period buildings on rock sites, the lowest seismic 
design forces are usually produced by ASCE 7-98 (and therefore also ASCE 7-02), which is the most 
recent edition of ASCE 7 considered in this paper. The notable exceptions in this case are for lowrise 
structures in both Chicago and St. Louis. As discussed immediately above, the relative relationship 
between wind and seismic forces in Chicago varies with edition of the ASCE 7 standard. In St. Louis, 
however, the relative relationship between wind and seismic forces remains unchanged. As described in 
the Seismic Design Spectra subsection of this paper, when the seismic design provisions of ASCE 7-98 
are compared to those of ASCE 7-93, seismic design accelerations for sites on soil have increased by 66% 
in St. Louis and 100% in Chicago. When contemplating this observation, however, the reader of this paper 
should also consider that the magnitude of design accelerations in St. Louis is two to three times that of 
Chicago. 
 
Given the commonly-accepted belief that the preponderance of building floor area constructed is for 
lowrise buildings, some of the exceptions described in the previous two paragraphs have potential 
economic implications. In Chicago, these implications may not be as significant as the percentage 
increases seem to imply, primarily because the absolute numbers are relatively small. Consider, for 



 

example, Prototype S-BF1 in a 4 story configuration. Total seismic weight is approximately 10,500 kips, 
the R factor is 5, and design accelerations for Chicago are 0.2 g for ASCE 7-98 and 0.1 g for ASCE 7-93 
considering Site Class D. Assuming single-diagonal concentrically braced bays with a bay span of 25 ft, 
the steel required for the brace elements at the first floor level is very roughly 3,000 lbs for ASCE 7-98 
design and 1,500 lbs for ASCE 7-93 design. The difference between these two designs causes an increase 
of less than 0.05 lb of steel per square foot of first floor area, which will be economically inconsequential 
in the final cost of the entire structure. For this same structure in St. Louis, where the design accelerations 
would be 0.5 g and 0.3 g for ASCE 7-98 and ASCE 7-93, respectively, the difference between these two 
brace designs doubles to 0.1 lb increase in weight of structural steel per square foot of floor area. Again, 
the economic effect will again be barely noticeable in the final cost of the entire structure. 
 
Changes in the soil site coefficients among the various ASCE 7 editions have affected seismic design 
force levels. For rock sites, the design force levels according to the 1998 edition have decreased from 
earlier editions. For soil sites, the design force levels have increased in the short period range of the design 
spectrum when compared to the 1993 edition, but have decreased in the long period range. 
 

CONCLUSIONS 
 
For the four urban centers considered in this paper, the evolution of U.S. seismic design provisions during 
the 1990s, as represented by the 1993, 1995, and 1998 editions of the ASCE 7 standard, has not 
dramatically increased seismic design lateral forces. Design accelerations in each of the four urban centers 
have remained roughly the same or even decreased with the newest editions of this standard, ASCE 7-98 
and ASCE 7-02. Exceptions are noted, however, for short period buildings in Chicago and St. Louis. 
 
Users of the 1995 edition of the ASCE 7 standard should keep in mind that this particular edition of the 
standard represents the first stage in the transition to more sophisticated soil site coefficients. For reasons 
described earlier in this paper, seismic design according to this edition can produce relatively large design 
accelerations for the case of structures on soil sites (Site Class D or Soil Type S3). Seismic design in 
accordance with ASCE 7-98 and ASCE 7-02, which are the newer editions of this same standard, 
produces design accelerations on soil that are in better agreement with those of the older edition, 
ASCE 7-93. Consequently, a lower seismic design base shear is obtained when using the newest editions 
of the ASCE 7 standard instead of the 1995 edition. Jurisdictions that cite ASCE 7-95 for seismic design 
should consider revising the enforceable code and adopt ASCE 7-02 (or ASCE 7-98). 
 
With the exception of St. Louis, the strength proportioning of lateral force resisting systems in midrise and 
highrise structures is for the most part dominated by wind load, not seismic accelerations. Although 
St. Louis is considered a moderate seismic region, it is adjacent to the high seismic hazard New Madrid 
seismic zone. As a result St. Louis is subject to greater design accelerations than the other three urban 
areas considered in this paper. Consequently, lateral design of midrise buildings in St. Louis is dominated 
by seismic forces. 
 
For lowrise structures, however, seismic design forces may at times be significant, even in the relatively 
low ground shaking design hazard of Chicago. Site soil classification has a significant influence as to 
whether seismic or wind controls the design base shear. For lowrise buildings on sites of soil in Chicago 
and New York City, seismic demands can dominate lateral strength proportioning. However, wind design 
usually governs strength proportioning for lowrise buildings on rock, particularly in areas of high wind 
exposure. 
 
On a practical basis, the effects of increased seismic demands on the economy of the lateral load system 
may not be significant. Particularly in Chicago, even though the strength requirement due to seismic 



 

design may be twice that of wind for some lowrise structures, both of these forces are relatively small in 
absolute force magnitude. Consequently, when the incremental increase of structure costs due to the 
seismic strength requirements is compared to the total cost of a structure, the change in total cost may not 
be significant. 
 
Other than the anomaly associated with the introduction of the soils coefficients in ASCE 7-95, which 
seems to have been rectified with the ASCE 7-98 edition, there appears to be no dramatic, overall increase 
in seismic design accelerations with the newer editions of ASCE 7 for regions of low to moderate 
seismicity in the Midwestern and Eastern United States. In fact, the newest edition of ASCE 7 produces 
smaller design accelerations in Atlanta and New York City than the older editions. 
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