Prefacep
California Civil Seismic Building Design is a concise
introduction to basic seismic concepts and principles. It
is primarily intended to be used as a review manual for
the California Civil: Seismic Principles Exam. However,
this book is also appropriate to use if you are studying
for the NCEES Structural Engineering (SE) Examination and the Architect Registration Examination
(ARE).
This twelfth edition has been updated to conform to the
2015 International Building Code (IBC), the 2010 Minimum Design Loads for Buildings and Other Structures
(ASCE/SEI7), the 2014 Building Code Requirements for
Structural Concrete (ACI 318), and the 2013 Building
Code Requirements for Masonry Structures (ACI 530).
Though the California Civil: Seismic Principles Exam is
ostensibly based on the 2016 California Building Code
(CBC), Volume II of the CBC contains the same material and section numbers as IBC 2015 Volumes I and II.
I have included many important tables and figures from
these codes and standards that support the topics presented. Since these tables and figures may have been
abridged and/or reformatted, this book is not a replacement for the source documents.

places the customary U.S. values first to accommodate
the unit system typically used in the exams and in conventional seismic design.
Over the past 30 years, examinees have shaped this
book considerably. I will be grateful if you, too, take the
time to tell me how you think this book can be
improved. You may contact me via the web at ppi2pass.
com/errata. I will humbly accept any suggestions you
think might help future examinees.
Michael R. Lindeburg, PE

The 2015 IBC defers almost entirely to ASCE/SEI7.
This eliminates some of the conflicts that were present
in the past, such as the handling of (what used to be
called) special seismic load combinations.
Examinees often comment that the depth of structural
analysis experience and code-related knowledge
expected of them in the California Civil: Seismic Principles Exam far exceeds anything they will ever be faced
with in practice. Accordingly, the exam has shifted
toward a mixture of technical, code-detailed, calculation-intensive questions, and conceptual questions
requiring general familiarity with provisions, concepts,
and procedures. This book is intended to prepare you
for both types of questions. This book transcends the
issue of selecting between LRFD and ASD. The subject
of seismic design, as described in this book and as used
in the exam, basically stops after forces have been calculated and distributed to stories and members. Designing
members to support those forces is not part of the California Civil: Seismic Principles Exam or the ARE
(although it is certainly part of the NCEES SE exam).
This book uses both customary U.S. and SI units. All of
the examples and problems give you a choice of units:
You can choose to work solely in SI, solely in customary
U.S., or in both (for twice the practice). This book
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Codes Used in This Bookp
book abbreviationj
ACI 318
ACI 530
AISC
AISC 341
AISC 360
ASCE/SEI7
IBC
NDS®

SDPWS

titlej
American Concrete Institute: Building Code Requirements for Structural
Concrete, 2014
American Concrete Institute: Building Code Requirements and
Specification for Masonry Structures, 2013
American Institute of Steel Construction: Steel Construction Manual, 15th
ed., 2017
American Institute of Steel Construction: Seismic Provisions for Structural
Steel Buildings, 2016
American Institute of Steel Construction: Specification for Structural Steel
Buildings, 2016
American Society of Civil Engineers: Minimum Design Loads for Buildings
and Other Structures, 2010
International Code Council: International Building Code, 2015
American Wood Council: National Design Specification® for Wood
Construction ASD/LRFD, 2015 ed., including National Design
Specification Supplement, 2015 ed.
American Wood Council: Special Design Provisions for Wind and Seismic
with Commentary, 2015 ed.
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Another interpretation of the significance of the different
regions is to correlate them to the effects of an earthquake
and the Modified Mercalli Intensity scale as in Table 3.1.
Table 3.1 Effects of an Earthquake by Location

locationj
Minnesota
Ohio

South Carolina
1.
SEISMIC DAMAGE
........................................................................................................................
Structural damage due to an earthquake is not solely a
function of the earthquake ground motion. The primary
factors affecting the extent of damage are
• earthquake characteristics, such as (a) peak ground
acceleration, (b) duration of strong shaking, (c) frequency content, and (d) length of fault rupture
• site characteristics, such as (a) distance between the
epicenter and structure, (b) geology between the epicenter and structure, (c) soil conditions at the site,
and (d) natural period of the site
• structural characteristics, such as (a) natural period
and damping of the structure, (b) age and construction method of the structure, and (c) seismic provisions (i.e., detailing) included in the design

2. GEOGRAPHIC DISTRIBUTION OF SEISMIC
RISK
........................................................................................................................
In order to design a structure to withstand the effects of
an earthquake, it is necessary to determine the expected
earthquake magnitude. While extensive mathematical
models could be developed for each location, seismic
codes have evolved a simplified model based on the geographic distribution of seismic risk. The national maps
referenced by the 2015 International Building Code
(IBC) are shown in Fig. 3.1 and Fig. 3.2.1

Oregon coast
California coast

effectj
no damage
minor damage corresponding to
MM intensities V and VI; distant
earthquakes may damage
structures with fundamental
periods greater than 1.0 sec
moderate damage corresponding
to MM intensity VII
major damage corresponding to
MM intensity VIII
major damage corresponding to
MM intensity VIII and higher

3.
RISK MICROZONES
........................................................................................................................
Certain limited areas, referred to as microzones, consistently experience higher ground accelerations than do
surrounding areas.2 This tendency is primarily attributed to the site (i.e., soil) conditions in the microzone,
as the soil profile affects the peak ground acceleration,
frequency content, and duration of strong motion. Inasmuch as seismic damage is at least partially related to
ground acceleration, knowledge of such microzonification is essential. An initial attempt at the microzonification concept has been incorporated in the International
Building Code, and it is implicit in the design process.
Mexico City has incorporated microzones into its
rebuilding plan following the devastating earthquake in
1985. Considering the significant variations in damage
in different areas of the San Francisco Bay Area during
the Loma Prieta earthquake, implementing microzonification has begun. (For example, unreinforced buildings
in Chinatown were not damaged, while similarly constructed buildings in the Marina district were. Portions
of the Cypress structure on clay collapsed, but other
portions built on firmer soil did not.)

1

The maps shown in Fig. 3.1 and Fig. 3.2 are subject to change with different versions of the seismic code.
For example, in the 1989 Loma Prieta earthquake, peak ground accelerations in San Francisco did not generally exceed 0.09 g. However, a 31-story
instrumented office building in Emeryville experienced a horizontal acceleration of 0.26 g at the ground. Peak accelerations at the Bay Bridge are
believed to have ranged between 0.22 g and 0.33 g. The Golden Gate Bridge experienced 0.24 g, while 0.33 g was recorded at the San Francisco Airport. Similar ground accelerations were recorded near the collapsed Interstate 880 Cypress structure.
2
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Figure 3.1 Geographic Distribution of Seismic Risk (0.2 sec spectral response acceleration) [IBC Fig. 1613.3.1(1)]

Effects on
Structures
Reproduced from the 2015 edition of the International Building Code ®, copyright © 2015, with the permission of the publisher, the International
Code Council, iccsafe.org.
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Figure 3.2 Geographic Distribution of Seismic Risk (1 sec spectral response acceleration) [IBC Fig. 1613.3.1(2)]

Effects on
Structures
Reproduced from the 2015 edition of the International Building Code ®, copyright © 2015, with the permission of the publisher, the International
Code Council, iccsafe.org.
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The method of combining modal responses by taking
the square root of the sum of the squares is referred to in
the ASCE/SEI7 as the SRSS method. An alternative to
SRSS is the complete quadratic combination (CQC)
method required when modal periods are closely spaced
[ASCE/SEI7 Sec. 12.9.3].
Theoretically, all mode shapes must be included in the
summation, but, in practice, most of the vibration
energy goes into the first three to six modes, and higher
modes can be disregarded. (With the use of a computer,
however, there is no need to stop with such a small number of modes.) Since the lower modes dominate, the
response spectra for MDOF systems are similar to those
of SDOF systems. (See Sec. 5.1.) For short periods (e.g.,
less than 1 sec), the MDOF response is usually slightly
less than for first-mode SDOF systems. For periods
exceeding 1 sec, the response usually slightly exceeds
SDOF response.13

Vibration Theory

ASCE/SEI7 Sec. 12.9.1 requires that all significant
modes be included. This can be accomplished by making
sure that, for all modes considered, at least 90% of the
mass of the structure is included in the calculation of
response for the horizontal direction being investigated
(i.e., the participation factor from Sec. 4.21 is at least
0.90).
Example 4.4
Determine the three modal frequencies for the MDOF
system shown.
3 m3 = 0.5
k3 = 100
2

m2 = 1

D E S I G N

D’Alembert’s principle of dynamic equilibrium, an inertial force resisting motion must be added. This inertial
force is

Finertial = ma
However, from Eq. 3.2, the acceleration is approximately ω2x.

Therefore, the equilibrium equations for the three
masses are found by adding the inertial force to the
spring forces and then combining coefficients for the
three displacements.

mass†
1: (m 1

1

2

(k 2 + k 3))x 2 + k 3x 3 = 0

mass†
3: k 3x 2 + (m 3

2

k 3)x 3 = 0

The masses and stiffnesses are known. Writing the three
equilibrium equations in matrix form,
2

200
100
0

600

4

+ 90,000

2

2,000,000 = 0

Being a cubic, this equation has three roots. Each root
is a modal frequency.

= 5.18†
rad/sec
rad/sec
2 = 14.14†
=
19.32†
rad/sec
3
1

Let x1, x2, and x3 be the displacements—measured with
respect to the equilibrium position—of masses 1, 2, and
3, respectively. Then, neglecting the inertial (ma) force,
the spring forces on each mass are
k3(x3–x2)
k2(x2–x1)
k 1x 1

19.
MODE SHAPE FACTORS
........................................................................................................................

3

2
1

k3(x3–x2)
k2(x2–x1)

The free bodies shown are not in equilibrium. (This
is particularly evident for mass 3.) According to

The mode shape factors, φ, are relative numbers that
represent the ratios of each of the story deflections
(from the equilibrium position) to some common basis,
usually the deflection of the first or last story. (See
Fig. 4.10.) Since mode shape factors are relative, they
can usually be determined by initially assuming a value
of one of the deflections.
xi
4.28
i =
x1

This generalization is highly dependent on the response spectrum and the soil type at the site.

•

x1
0
x2 = 0
x3
0

Disregarding the trivial solution, the coefficient matrix
must have a determinant of zero. Setting the determinant equation to zero results in the following equation.

Solution
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2

m1 = 1

k1 = 100

13

(k 1 + k 2))x 1 + k 2x 2 = 0

2

mass†
2: k 2x 1 + (m 2

6

k2 = 100

m 2x

Finertial
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One major point driven home by the Kobe earthquake
is the importance of characterizing near-source ground
motion in the design of earthquake-resistant structures.
A severe earthquake in a major urban area can create
immense social and economic losses, and the impact on
the economy will be significant. The main steps in mitigating this risk are to improve the model seismic design
codes and to introduce mandatory requirements for seismic rehabilitation of vulnerable buildings.
2.
SEISMIC CODES
........................................................................................................................
A code is a set of rules adopted by an organization
empowered to enforce the code. The mere publication of
a set of guidelines such as those contained in ASCE/
SEI7 does not constitute a governing law. The guidelines must be adopted by a law-making body to become
legal documents.
Various regions of the United States have adopted different codes. Agencies whose codes are widely adopted
are referred to as “model code agencies,” such as the
International Code Council (ICC), which publishes the
International Building Code (IBC). ICC members are
representatives of local, regional, and state governments
who investigate and research principles concerning
safety of life and property in the construction, function,
and location of buildings and related structures. The
IBC is dedicated to the development of better building
construction and greater safety to the public. It is the
most widely adopted model building code in the United
States and contains extensive seismic provisions for
structures.
Many of the early seismic provisions were influenced by
the SEAOC Blue Book: Seismic Design Recommendations published by the Seismology Committee of the
Structural Engineers Association of California
(SEAOC).8 The Blue Book included commentary that is
invaluable in understanding the significance of the IBC
provisions.

C O D E S

6-3
6-3

The Blue Book provisions were first incorporated into
the Uniform Building Code (UBC) around 1960 (and
following the UBC, into the IBC), but other building
codes were slower to include more than limited seismic
provisions, probably because the true seismic risk of the
regions was not recognized.9 However, following the
1971 San Fernando earthquake, when several buildings
supposedly built according to current seismic provisions
experienced substantial damage, other organizations
received funding to develop seismic design
recommendations.
• The Applied Technology Council (ATC) published
ATC 3-06 in 1978. This was a massive 500-page
document intended to serve as a reference for other
code writers. It has now been superseded by the
NEHRP provisions.
• The Building Seismic Safety Council (BSSC), with
Federal Emergency Management Agency (FEMA)
funding, first published the National Earthquake
Hazards Reduction Program (NEHRP) provisions in
1985. These provisions have been updated regularly
since then. They have now been superseded by
ASCE/SEI7, which has adopted the provisions and
incorporated them by reference.
• The American National Standards Institute (ANSI)
published its A58.1 in 1982. This document dealt
with determining seismic loading, but it did not
address detailing.
• The American Concrete Institute (ACI) first
included detailing to resist seismic loads in the 1983
edition of ACI 318. However, determination of seismic loads was not covered.
• The American Institute of Steel Construction
(AISC) has developed detailing requirements for
steel buildings. Specifically, AISC 358 is a compendium of prequalified connections and design processes suitable for use in special moment-resisting
frames.
• The American Society of Civil Engineers (ASCE)
first published Minimum Design Loads for Buildings
and Other Structures (ASCE/SEI7) in 1993. ASCE/
SEI7 has been updated regularly since then. It has
become the preeminent standard affecting seismic
design. Starting in 2006, with some modifications,
ASCE/SEI7 was incorporated into the IBC by
reference.
While the large number of seismic documents may seem
confusing, it should be noted that all are used as “source
documents” for the IBC.

8

SEAOC, 1400 K Street, Suite 212, Sacramento, CA 95814.
Historically, the western United States has led in the requirements for seismic design, first using the Uniform Building Code (UBC) prepared by the
International Conference of Building Officials (ICBO), and then using the International Building Code (IBC) prepared by the International Code
Council. The nation’s two other model building codes were written by the Building Officials and Code Administrators International (BOCA) in
Country Club Hills, Illinois, and the Southern Building Code Congress International (SBCCI) in Birmingham, Alabama. Both codes significantly
strengthened their seismic provisions in 1992. However, the two codes differ from the UBC in their methodology.
9
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Kobe’s setting is very similar to that of the San Francisco Bay Area. Both have large strike-slip faults adjacent to a bay and engineered buildings constructed on
sedimentary deposits. The city of Oakland is particularly comparable to Kobe. Similarities include the
proximity to a major active fault and considerable
deposits of soft soils and bay mud in the downtown section, directly under many of the engineered buildings.
These building structures are mostly constructed of
nonductile concrete, steel, and masonry.
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that overall stability is maintained. This requires that
the lateral force resisting elements be roughly distributed (in plan) throughout the structure. (Thus, arbitrarily increasing the strength of one element may
actually have a negative effect on the overall seismic
performance.) In equation form, the ratio of energy
demand to energy capacity evaluation in plan should be
roughly constant. The IBC uses the current ASCE/
SEI7 as an external source document for many requirements related to proportioning the structure.
Design details prevent premature local failure by ensuring ductile behavior and preventing local instability and
failure of elements that are cyclically stressed beyond
their yield points. Unlike the IBC provisions for proportioning the structure, the design details can usually be
determined without evaluating the stresses, drifts, or
loads. The IBC uses a wide variety of external source
documents for requirements related to detailing. These
source documents are usually developed by industryspecific organizations.
Controlled yielding in a major earthquake is implicitly
anticipated by the IBC, and therefore, a code based on
yield or ultimate strengths would be preferred. In early
UBC versions, the seismic design forces were based on
ASD (working stress or service level stress) and not on
strength. This was primarily because the vertical loadcarrying systems in the majority of steel highrise structures were, until recently, based on ASD.
The ASD method has essentially been replaced in structural steel work by the LRFD method, also known as
the ultimate strength design method. In this method, the
applied loads are multiplied by a load factor. The product (the “strength”) must be less than the ultimate
strength of the structural member multiplied by a resistance factor.
Seismic Building
Codes

The term “LRFD” is used in the design of steel and
wood structures, whereas in the design of concrete and
masonry structures, the equivalent method is known as
“strength design.” The strength design inclusion in the
IBC represents the most significant development toward
consistency in national seismic requirements.
8.
WIND LOADS
........................................................................................................................
Wind loading is covered in ASCE/SEI7 Chap. 26
through Chap. 31. Wind loads depend on many factors,
including location, height, exposure, topography, architectural features, and building dynamics. Wind load on
a structure is defined as a pressure acting on the exterior
surface. Equation 6.4 gives the wind pressure on a
structure.

q z = KV 2

6.4

qz is the wind pressure, K consists of one or more constants and adjustment coefficients, and V is the basic
wind speed.
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9.
SNOW LOADS
........................................................................................................................
In many locations, snow applies a significant load on
structures that must be considered in design. Snow regularly causes the failure of roof systems and can cause
progressive collapse of entire structures. Snow loads on
roofs vary widely based on the geographic location, elevation, site exposure, and slope of the roof. Structural
members must be capable of supporting snow loads,
which in many cases constitute the largest design load
for the roof system.
Snow on a structure’s roof may result in a uniform loading condition (i.e., the same load over the entire roof) or
a nonuniform loading condition (i.e., a varying load)
caused by wind-induced drifting or melting and refreezing of snow. Conditions giving rise to uniform loading
are the exception. Unbalanced accumulation of snow at
valleys, parapets, and roof structures, and offsets in
roofs of uneven configuration are typical. Compound
roof systems may accumulate large unbalanced loads in
valleys, particularly on the leeward side of roofs.
Snow loading is covered in ASCE/SEI7 Chap. 7. Specifically, the design snow load, p f , for buildings and other
structures is given by Eq. 6.5 [ASCE/SEI7 Eq. 7.3-1].

p f = 0.7CeCtIspg

6.5

Ce is the snow exposure factor from ASCE/SEI7 Table 7-2.
Ct is the thermal factor from ASCE/SEI7 Table 7-3. Is is the
snow risk importance factor for snow loading from ASCE/
SEI7 Table 1.5-2. The basic ground snow loads, pg, are given
in ASCE/SEI7 Fig. 7-1, except where controlled by the local
building official. The roof snow load is assumed to act vertically upon the area projected upon a horizontal plane.
10. COMBINED SEISMIC, WIND, AND SNOW
LOADING
........................................................................................................................
Snow loads must be considered in seismic design
(according to the load combinations specified in IBC
Sec. 1605.2) because snow adds to the mass of the structure. However, the IBC permits a reduction in the
design snow load when it is used in combination with
earthquake loads [IBC Sec. 1605.3].
Although codes such as AISC, AITC, and ACI provide
for the combination of various loadings (e.g., snow and
wind, earthquake and wind), seismic and wind loads are
distinctly different in origin. Wind loads are applied
over an exterior surface of a structure, whereas seismic
loads are inertial in nature.
IBC provisions for ductile seismic detailing must always
be met, even if the wind load is greater than the seismic
load. Seismic loads generally control for heavy structures and moderate-weight structures in seismic design
categories D, E, and F, but wind loads often control the
design in seismic design categories A, B, and C, and for
lightweight construction in all design categories.

S E I S M I C

There is no such thing as a “governing” load when a
building is in a potential earthquake area. In some
cases, the maximum expected lateral wind loading will
result in larger drift (see Sec. 5.12) or larger lateral
forces than will an earthquake. However, even in that
instance, the design must include seismic detailing. The
reason for this requirement is that the structure must be
able to resist seismic loads in a ductile manner even
when it can resist a larger design wind load elastically.
Simply, the intent is to avoid catastrophic failure and to
provide the necessary structural integrity to resist
actual seismic forces, which are potentially much higher
than the design seismic forces.

6-7
6-7

Table 6.1 Seismic Design Procedure

stepj
descriptionj
1.
Identify appropriate structural system.
2.
Classify risk category of the structure.
3.
Determine the components of seismic
response coefficient.
4.
Identify structural system limitations
and irregularities.
5.
Select appropriate lateral force
procedure.
6.
Determine the total design base shear.
7.
8.

11.
SEISMIC DESIGN CRITERIA SELECTION
........................................................................................................................

9.

As described in Sec. 3.10, the base shear, V, is the total
design seismic force imposed by an earthquake on the
structure at its base. The base shear is the sum of all the
inertial story shears. The code calculates the base shear
from the total structure weight and then apportions the
base shear to the stories in accordance with dynamic
theory. The IBC code refers to ASCE/SEI7 for most of
the requirements for calculating the base shear. The
design seismic forces can be determined based on the
ASCE/SEI7 static lateral force procedure, referred to as
the “equivalent lateral force procedure” [ASCE/SEI7
Sec. 12.8], and/or the dynamic lateral force procedure,
referred to as “modal response spectrum analysis”
[ASCE/SEI7 Sec. 12.9]. The dynamic force procedure is
always acceptable for design of any structure. However,
ASCE/SEI7 Sec. 12.9.4 specifies that the minimum
design seismic force must be at least 85% of that prescribed by the static lateral force procedure.

10.

The seismic design process involves consideration of a
number of structural and site characteristics, including
seismic zoning, risk, seismic importance factors, building fundamental period, site geology and soil characteristics and soil-profile types, maximum considered
earthquake ground motion, response modification factor, configuration, structural system, and height. Furthermore, ASCE/SEI7 Sec. 12.12.5 requires that all
parts of the structure be designed with adequate
strength to withstand the lateral displacements induced
by the design ground motion considering the inelastic
response of the structure and the inherent redundancy,
overstrength, and ductility of the lateral force resisting
system. Table 6.1 furnishes the steps needed in seismic
design of a structure.

C O D E S

11.
12.
13.
14.
15.
16.

Distribute the design base shear over
the structure’s height.
Analyze P-delta effects for the
structure.
Examine overturning effects caused by
earthquake forces.
Evaluate torsional effects for the
structure.
Study story drift limitations.
Consider redundancy of lateral force
resisting system.
Evaluate overstrength of lateral force
resisting system.
Design elements of the structure.
Confirm seismic detailing requirements
with the IBC.
Verify structure’s continuous load path
completion.

this book’s
section
referencej
6-21
6-13
6-30
6-24, 6-25
6-31
6-32, 6-34,
6-50
6-35, 6-36
6-43
6-42
6-39
6-40
6-22
6-20
6-44
6-6–6-12

12. IBC PROCEDURE FOR DETERMINING
DESIGN ACCELERATION
........................................................................................................................
The design process is influenced predominantly by a
building’s anticipated maximum ground acceleration at
the site. The values of the maximum considered acceleration are developed by considering historical records,
geological data, and seismological information.
Determining the design spectra for static analysis has
been dramatically changed with the IBC. The code provides maps for the United States detailing expected
ground accelerations. From these maps, values are read
and adjusted for the soil and a response spectrum of
design spectral response accelerations is developed.
The first step in determining the design spectrum is to identify values for the mapped acceleration parameters. There
are two different values required—one for structures with a
fundamental period of vibration of 0.2 sec, SS, and one for
periods of 1.0 sec, S1. Both values are needed for determining
the base shear of a structure. These two values are read from
U.S. Seismic Design Maps from the U.S. Geological Survey
(USGS) provided in the IBC [IBC Fig. 1613.3.1(1) through
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However, buildings must be designed to withstand seismic detailing requirements and limitations, even when
wind code prescribed load effects are greater than seismic load effects [IBC Sec. 1604.10].
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Fig. 1613.3.1(6)]. The first two IBC figures show the entire
conterminous United States, and the later figures show
detailed regions. For each region, there are two maps that
look similar; one for each of the two required values (SS and
S1). The engineer must take care that the correct map is
used for the appropriate value.

IBC Chap. 3, Use and Occupancy Classification, defines
the occupancy categories in greater detail. Design and
construction review requirements are specified in IBC
Chap. 17.

13.
RISK (OCCUPANCY) CATEGORIES
........................................................................................................................

Table 6.2 [ASCE/SEI7 Table 1.5-2] specifies the importance factor, Ie, that increases seismic design forces for
critical structures based on the structure’s risk category.13,14 Details for classifying each risk category are
given in ASCE/SEI7 Table 1.5-1.

When earthquake disaster strikes a community, any
major structural and nonstructural damage to a facility
that could threaten life safety demands complete closure
until adequate repair measures are taken, and further
evaluation must deem the facility safe for occupancy
again. Certain facilities, such as hospitals and police and
fire stations, cannot be shut down under these circumstances. Accordingly, law requires that these facilities be
designed to remain operational after an earthquake.12
It is implicit in seismic codes that catastrophic collapse
of structures must be avoided to safeguard lives, minimize economic losses, and avoid disruption in the event
of an earthquake. For purposes of earthquake-resistant
design, each structure is specified in one of the risk categories (previously known as “occupancy categories”)
listed in ASCE/SEI7 Table 1.5-1, which consists of four
risk categories with their functions defined. Buildings in
some of these categories require special review, inspection, and construction observation.

Seismic Building
Codes

Essential facilities are emergency structures that must
remain operational after an earthquake. They include
hospitals with surgery and emergency treatment facilities, fire and police stations, emergency preparedness
structures (including structures housing emergency
vehicles), and government communication centers
required for emergency response. Hazardous facilities
are used to store or support dangerous toxic or explosive
chemicals or substances, or are designed to house large
numbers of people—for example, places of public assembly (300 or more people), schools (250 or more students), colleges and adult education centers (500 or
more students), nursing homes, daycare centers, nurseries, and jails. All other structures that house occupancies or have functions not listed are considered standard
occupancy structures. Examples are apartment buildings, hotels, office buildings, and wholesale or retail
structures. Miscellaneous structures are buildings or
parts of buildings. They include private garages, carports, sheds, factories, and agricultural buildings.

12

14.
SEISMIC IMPORTANCE FACTOR: Ie
........................................................................................................................

The seismic importance factor is between 1.0 and 1.50,
depending on how critical it is for the structure to survive a major earthquake with minimal damage. From
Table 6.2, it is obvious that a higher importance factor,
Ie, of 1.50 is designated for essential structures in order
to ensure that they remain functional and operational
after a severe earthquake. For these structures, the
design base shear is increased by 50% compared to other
structures. Increasing design base shear increases the
seismic safety of a structure.
Table 6.2 Risk Categories and Importance Factors for Earthquakes
[ASCE/SEI7 Table 1.5-2]

occupancy or functions of
structurej
miscellaneous structures
standard occupancy
structures
hazardous structures
essential structures

risk
categoryj
I
II

seismic
importance
factor, Iej
1.00
1.00

III
IV

1.25
1.50

Reproduced from the 2010 edition of Minimum Design Loads
for Buildings and Other Structures by the American Society of
Civil Engineers (ASCE), copyright © 2010. Used with permission from ASCE.j

15. SOIL-PROFILE TYPES: SITE CLASS A
THROUGH F
........................................................................................................................
Soft soil may amplify earthquake ground motion.
Amplification of vibrations due to unfavorable soil conditions has been strikingly illustrated in many earthquakes, such as the 1985 Mexico City earthquake and
the 1989 Loma Prieta earthquake. To that effect, IBC
Sec. 1613.3.2 specifies that each site be assigned a soilprofile type found by a properly substantiated geotechnical investigation.

After an earthquake, based on Title 24 of the California Administrative Code, hospitals and schools must be operational. Also, the California Hospital Act requires that hospitals be fully functional and operational.
Seismic importance factors for wind design and for nonstructural component design are discussed in Sec. 6.8 and Sec. 6.46, respectively.
14
Increasing base shear in design and construction also increases costs. An earthquake risk management study may be used to evaluate the seismic
hazard and vulnerability of a structure. The study may rationalize amplifying seismic loads to achieve greater performance goals, such as immediate
occupancy in the event of a major earthquake. James L. Witt, previous director of the Federal Emergency Management Agency, said, “Mitigation
saved the Anheuser-Busch facility in Los Angeles after Northridge. The Anheuser-Busch Engineering Department retrofitted the plant to conform to
the L.A. seismiccode—and the plant was functioning within days of the earthquake. Without those revisions—they would have sustained more than
$300 million in direct and interruption losses.”
13
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Table 6.3 [ASCE/SEI7 Table 20.3-1] is based on the site
categorization procedure of ASCE/SEI7 Chap. 20 and
provides a detailed description of the IBC soil profiles.
This table furnishes average shear wave velocity, vs ,
average field standard penetration resistance, N , and
average undrained shear strength, s u , values associated
with soil profiles A through F, where applicable.
The average shear wave velocity, vs , may be measured
on site or calculated using ASCE/SEI7 Eq. 20.4-1.15
The average field standard penetration resistance, N ,
and average standard penetration resistance for cohesionless soil layers, Nch , can be determined from ASCE/
SEI7 Eq. 20.4-2 and Eq. 20.4-3.16 The average undrained
shear strength, s u , can be obtained from ASCE/SEI7
Eq. 20.4-4.17
Where soil properties are not known in sufficient detail,
site class D can be used, not E or F. Site class E or F can
only be used when a geotechnical study shows it to be
valid, or when required by the local building official.18
16.
NEAR SOURCE EFFECTS
........................................................................................................................
In seismic areas where large-magnitude earthquakes are
expected, severe damage to structures built near or
directly on top of active faults is likely to occur. The
ground acceleration that these structures experience
may be up to twice the acceleration that more distant
structures experience.
In the 1997 UBC, near source factors were used to
adjust design parameters for sites located near active
faults. The IBC has eliminated these factors by providing the detailed maps of Fig. 1613.3.1(1) through
Fig. 1613.3.1(6).

The IBC maps provide numerical values of estimated
ground motion (i.e., acceleration) based on geographic location. For any location, two mapped acceleration parameter
values are required: SS, the mapped spectral acceleration

6-9
6-9

for short periods (see Fig. 3.1 [IBC Fig. 1613.3.1(1)]) and
S1, the mapped spectral acceleration for a 1 sec period (see
Fig. 3.2 [IBC Fig. 1613.3.1(2)]). Throughout the IBC procedure, these two period values are quantified and used to
determine the design loads for structures of any fundamental period of vibration. For any structure, a value for
each parameter is necessary, requiring the use of two of the
maps. In addition, the values from the maps are given as
percentage values, and calculations need to be performed
on decimal values of acceleration.
After determining SS and S1 from the IBC maps, the
next step is to adjust them to appropriate seismic design
parameters. IBC Sec. 1613.3 adjusts the values based on
the soil profile of the site. Values of site coefficients Fa
and Fv are given in Table 6.4 and Table 6.5 [IBC
Table 1613.3.3(1) and Table 1613.3.3(2)], and used in
Eq. 6.6 and Eq. 6.7 [IBC Eq. 16-37 and Eq. 16-38].

SMS = Fa SS

6.6

SM 1 = FvS 1

6.7

When reduced by 33%, Eq. 6.6 and Eq. 6.7 become
Eq. 6.8 and Eq. 6.9 [IBC Sec. 1613.3.4, Eq. 16-39 and
Eq. 16-40].
2

SDS = 3 SMS
2

SD1 = 3 SM 1

6.8
6.9

SMS is the maximum considered earthquake response
accelerations for short periods. SM1 is the maximum considered earthquake spectral response accelerations for a
1 sec period. Figure 6.1 shows a complete design
response spectrum for a site. The x-axis has two critical
periods of vibration: TS and 1.0, where TS is the ratio of
SD1 to SDS. These periods separate the spectrum into
two different formulas for determining Sa, the design
spectral response acceleration (the y-axis of the graph).
Structures with short fundamental periods of vibration
(T < TS) have a constant value for Sa, equal to the value
of SDS. Structures with long periods of vibration (T >
TS) use Eq. 6.10.

Sa =
17.
SEISMIC RESPONSE COEFFICIENTS
........................................................................................................................

C O D E S

SD1
T

6.10

When a simplified lateral force analysis is used (see
Sec. 6.34), SS need not be greater than 1.5.

15

For these soil types, the average shear wave velocities, vs , and the average field standard penetration resistance, N , are determined based on the
100 ft (30 480 mm) of soil profile.
16
The standard penetration resistance, N , of the soil layer should be obtained in accordance with approved, nationally recognized standards.
17
The undrained shear strength, su , should be determined in accordance with approved, nationally recognized standards, not to exceed 5000 psf
(250 kPa).
18
The E soil profile is appropriate in areas with large deposits of very soft clay that are subject to large amplifications in seismic ground motion.
Buildings constructed on San Francisco Bay mud or on the Mexico City lake bed are likely candidates for the E soil profile.
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A soil profile is a significant layer of soil with distinct
characteristics extending from the surface into relatively
unaltered material. IBC Sec. 1613.3.2 soil profiles are
classified into six different soil types ranging from A to
F in accordance with ASCE7/SEI7 Chap. 20. Type F is
assigned to those sites that require specific evaluation.
New soil profile designations are found in the 1997
NEHRP publication that are based on quantitative geological parameters and recent data.
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Table 6.3 Site Class Definitions [ASCE/SEI7 Table 20.3-1]

j

j

site
classj soil profilej
A hard rock

shear wave velocity
ft/sec (m/s)j
vs > 5000

soil profile descriptionj
standard penetration undrained shear strength
blows/ft (blows/m)j
lbf/ft2 (kPa)j
–
–

(vs > 1500)

B

C
D
E

rock
very dense
soil and soft
rock
stiff soil
soft clay soil

2500 < vs

5000

(760 < vs

1500)

1200 < vs

2500

(360 < vs

760)

600 < vs

1200

(180 < vs

360)

–

–

N > 50

su

2000

(s u
15

N

50

1000
(50

vs < 600

N < 15

(vs < 180)

100)
su

su

2000
60)

s u < 1000
(s u < 50)

Or, any profile > 10 ft (3048 mm) of PI > 20, su < 500
(s u < 24) and w ≥ 40%

F

Any profile containing soils having one or more of the following characteristics:
1.

2.

soils vulnerable to potential failure or collapse under seismic loading such as
liquefiable soils, quick and highly organic clays, collapsible weakly cemented
soils
peats and/or highly organic clays (H > 10 ft (3 m) of peat and/or highly organic clay where H = thickness of soil)

3.

very high plasticity clays (H > 25 ft (7.6 m) with plasticity index PI > 75)

4.

very thick soft/medium stiff clays (H > 120 ft (37 m)), with sv < 1000 lbf/ft2
(50 kPa)

Adapted from the 2010 edition of Minimum Design Loads for Buildings and Other Structures by the American Society of Civil Engineers (ASCE), copyright © 2010. Used with permission from ASCE.j
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Table 6.4 Seismic Coefficient as a Function of Site Class [IBC
Table 1613.3.3(1)]

Table 6.5 Seismic Coefficient as a Function of Site Class [IBC
Table 1613.3.3(2)]

values of site coefficient Faaj
site mapped spectral response acceleration at short periodj
classj SS ≤ 0.25j SS = 0.50j SS = 0.75j SS = 1.00j SS ≥ 1.25j
0.8
0.8
0.8
0.8
0.8
A
B
1.0
1.0
1.0
1.0
1.0
1.2
1.2
1.1
1.0
1.0
C
1.6
1.4
1.2
1.1
1.0
D
E
2.5
1.7
1.2
0.9
0.9
b
b
b
b
b
F

values of site coefficient Fvaj
site mapped spectral response acceleration at 1 sec periodj
classj S1 ≤ 0.1j S1 = 0.2j S1 = 0.3j S1 = 0.4j S1 ≥ 0.5j
0.8
0.8
0.8
0.8
0.8
A
B
1.0
1.0
1.0
1.0
1.0
1.7
1.6
1.5
1.4
1.3
C
D
2.4
2.0
1.8
1.6
1.5
E
3.5
3.2
2.8
2.4
2.4
b
b
b
b
b
F

a

Use straight-line interpolation for intermediate values of mapped
spectral response acceleration at short period, SS.
b
Values shall be determined in accordance with Sec. 11.4.7 of ASCE/
SEI7.

a

Use straight-line interpolation for intermediate values of mapped
spectral response acceleration at 1 sec period, S1.
b
Values shall be determined in accordance with Sec. 11.4.7 of ASCE/
SEI7.

Reproduced from the 2015 edition of the International Building
Code®, copyright © 2015, with the permission of the publisher, the
International Code Council, iccsafe.org.j

Reproduced from the 2015 edition of the International Building
Code®, copyright © 2015, with the permission of the publisher, the
International Code Council, iccsafe.org.j
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Sa = SD1 /T
SD1

1.0

Example 6.1
A public auditorium with a 6000 person capacity is
being designed in northern California, near the San
Andreas Fault. The average shear wave velocity of the
supporting soil is 3000 ft/sec (914 m/s).

vs = 3000 ft/sec (914 m/s)

elevation view

(a)

What is the value of the importance factor?

(b)

What is the soil-profile type?

Solution

(b)

6-11
6-11

Because of the auditorium’s 6000 person capacity
(more than 300 persons) and social function of this
building, this building is classified as a hazardous
structure according to ASCE/SEI7 Table 1.5-1.
According to Table 6.2, the value of the seismic
importance factor, Ie, for this type of occupancy is
1.25.
This building is located on a soil profile that has an
average shear wave velocity (vs ) of 3000 ft/sec
(914 m/s). Based on the site categorization procedure of IBC Sec. 1613.3.2 and Table 6.3 [ASCE/
SEI7 Table 20.3-1], the soil profile is type B. Type B
is described as a rock soil profile with an average
shear wave velocity of 2500 ft/sec < vs ≤ 5000 ft/sec
(760 m/s < vs ≤ 1500 m/s).

The seismic design category (SDC) is determined based
on a structure’s risk category and the design spectral
response acceleration parameters, SDS and SD1 [IBC
Sec. 1613.3.5]. The seismic design category can be A, B,
C, D, E, or F, with F representing the most severe seismic design situations. (See Table 6.6.) Normally,
Table 6.7 and Table 6.8 [ASCE/SEI7 Table 11.6-1 and
Table 11.6-2 (corresponding to IBC Table 1613.3.5(1)
and Table 1613.3.5(2))] are both used to determine the
seismic design category. If the two determinations are
different, the more severe of the two is taken as the seismic design category. Use of Table 6.7 alone is permitted
when (a) S1 < 0.75, (b) Ta < 0.8Ts in both orthogonal
directions, (c) T < Ts in both orthogonal directions, and
(d) other procedural provisions of ASCE/SEI7 Sec. 11.6
are followed [ASCE/SEI7 Sec. 11.6].
Table 6.7 and Table 6.8 assume S 1 < 0.75, which is
intended to account for the structure not being immediately adjacent to an active fault. When S 1 0.75,
ASCE/SEI7 Sec. 11.6 requires risk category I, II, and III
structures to be assigned seismic design category E, and
risk category IV structures to be assigned seismic design
category F.
The seismic design category allows the code to adjust
seismic design provisions for different regions of the
country. For structures with low seismic design values
(seismic design category A) the code allows a much
wider range of design and construction practices. As a
structure is placed in a higher seismic design category,
the code begins to restrict more of the design practices
to ensure better seismic performance.
Two design factors depend on the seismic design category. The first is the type of structural system that may
be built or used. The second is the required amount of
ductile detailing of various elements of the structure.
Both of these parameters are discussed in more detail in
this book.
There are very few locations in California where at least
seismic design category D does not apply, although geotechnical report information has occasionally supported
category C.
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spectral response acceleration (Sa)

SDS

period, T (sec)

(a)

C O D E S

18.
SEISMIC DESIGN CATEGORY
........................................................................................................................

Figure 6.1 Response Spectra

Ts
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Table 6.6 Qualitative Seismic Design Categories

seismic design category A

seismic design category B

seismic design category C

seismic design category D

seismic design category E

seismic design category F

buildings on good soils in
areas where expected ground
shaking will be minor
buildings of risk categories I,
II, and III, where expected
ground shaking will be
moderate, such as would be
expected with stratified soils
made up of good and poor
soils
buildings of risk categories I,
II, and III, where more severe
ground shaking will occur,
and to buildings of risk
category IV (hospitals, police
stations, emergency control
centers, etc.), where expected
ground shaking will be
moderate
buildings and structures in
areas expected to experience
severe and destructive ground
shaking, such as is expected
with poor soils, but not
located close to a major fault
buildings of risk categories I,
II, and III in areas near active
major faults, regardless of soil
or rock classification
buildings of risk category IV
(hospitals, police stations,
emergency control centers,
etc.), areas near active major
faults, regardless of soil or
rock classification

Seismic Building
Codes

Table 6.7 Seismic Design Category Based on SDS (short-period
response) Acceleration Parameter [ASCE/SEI7 Table 11.6-1
(IBC Table 1613.3.5(1))]

value of SDS*
SDS < 0.167

0.167

risk category
I, II, or III
IV
A
A

SDS < 0.33

B

C

0.33

SDS < 0.50

C

D

0.50

SDS

D

D

*Values of SDS are in gravities (g’s).
Reproduced from the 2010 edition of Minimum Design Loads
for Buildings and Other Structures by the American Society of
Civil Engineers (ASCE), copyright © 2010. Used with permission from ASCE.j
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Table 6.8 Seismic Design Category Based on SD1 (1 sec period
response) Acceleration Parameter [ASCE/SEI7 Table 11.6-2
(IBC Table 1613.3.5(2))]

value of SD1*
SD1 < 0.067

risk category
I, II, or III
IV
A
A

0.067

SD1 < 0.133

B

C

0.133

SD1 < 0.20

C

D

D

D

0.20

SD1

*Values of SD1 are in gravities (g’s).
Reproduced from the 2010 edition of Minimum Design Loads
for Buildings and Other Structures by the American Society of
Civil Engineers (ASCE), copyright © 2010. Used with permission from ASCE.j

19.
RESPONSE MODIFICATION FACTOR: R
........................................................................................................................
Building a structure to respond 100% elastically in a
large-magnitude earthquake is not economical. Therefore, the prescribed design lateral strengths are considerably lower than needed to maintain a structure in the
elastic range. This reduced design strength level results
in nonlinear behavior and energy absorption at displacements in excess of initial yield. Strength reductions due
to nonlinear behavior are influenced by the maximum
allowable displacement ductility demand, the fundamental period of the system, and the soil-profile type.
Strength reductions from the elastic strength are accomplished by using a response modification factor.
The structure’s response modification factor, R, represents the inherent overstrength and global ductility
capacity of structural components.19 Ductility can be
defined as a measure of the ability of a structural system
to deform in the plastic range prior to failure. Ductile
performance is important because seismic energy is dissipated through yielding of the structural components,
and because it permits considerable displacements during intense earthquakes without risk to the structure’s
integrity and the occupants’ life safety. In an earthquake, a structure’s inherent overstrength allows the
structure’s members to form an initial plastic hinge. But
it is the structure’s global ductility that allows the
structure to withstand additional seismic forces, moving
from the formation of the initial plastic hinge to the formation of mechanisms.
Because all structures are designed for strengths less
than would be needed in a completely elastic structure,
the value of the response modification factor, R, always
exceeds 1.0. Lightly damped structures constructed of
brittle materials are assigned low values of R because

The 1994 UBC Rw value is approximately equal to 1.4 times the IBC R value. This selection is for transition from service-level to strength-level
design forces. The R factor is a partly empirical, partly judgmental factor that reduces the base shear to a predetermined value. This is the only judgment factor in the base shear equation.
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Figure 6.8 Structural Configuration

B U I L D I N G

D E S I G N

Table 6.10 Plan and Vertical Structural Irregularities [ASCE/SEI7
Table 12.3-1 and Table 12.3-2]

structural
irregularityj

vertical

horizontal

(a) vertically regular structure

physical irregularity typej
stiffness soft story
weight (mass)
vertical geometric
irregularity
in-plane discontinuity
discontinuity in lateral
strength—weak story
torsional irregularity
reentrant corners
diaphragm discontinuity
out-of-plane offsets
nonparallel systems

ASCE/SEI7
tablej
12.3-2, Item 1
12.3-2, Item 2
12.3-2, Item 3
12.3-2, Item 4
12.3-2, Item 5
12.3-1, Item 1
12.3-1, Item 2
12.3-1, Item 3
12.3-1, Item 4
12.3-1, Item 5

Reproduced from the 2010 edition of Minimum Design Loads for
Buildings and Other Structures by the American Society of Civil
Engineers (ASCE), copyright © 2010. Used with permission from
ASCE.j

24. VERTICAL STRUCTURAL
IRREGULARITY
........................................................................................................................
ASCE/SEI7 Table 12.3-2 lists and defines the following
five types of vertical structural irregularities. (See
Fig. 6.9.) None of the irregularities need to be considered for structures in seismic design category A.
Depending on the type of irregularity and the seismic
design category, the ASCE/SEI7 refers to Sec. 12.3.3 or
Table 12.6-1 for restrictions or remediation.

Seismic Building
Codes

1.

A soft story has a stiffness less than 70% of the
story immediately above, or less than 80% of the
average stiffness of the three stories above. An
extreme soft story has a stiffness less than 60% of
the story immediately above, or less than 70% of
the average stiffness of the three stories above.

2.

A story has a mass (weight) irregularity when its
mass is more than 150% of the effective mass of a
story above or below. (Roofs lighter than the
floor immediately below are excluded.)

3.

A story has vertical geometric irregularity when the
horizontal dimension of a story’s lateral force-resisting system is more than 130% of that in an adjacent
story. (One-story penthouses are excluded.)

4.

An in-plane discontinuity exists at a story when
there is an in-plane offset of the lateral loadresisting elements greater than the length of
those elements or there exists a reduction in stiffness of the resisting element in the story below.

5.

A weak story has a story lateral strength less than
80% of the story immediately above. An extreme
weak story has a story lateral strength less than
65% of the story immediately above.

(b) vertically irregular structure
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the dual system, the value of R for both directions
in structure II is 7.0.
25. HORIZONTAL STRUCTURAL
IRREGULARITY
........................................................................................................................
ASCE/SEI7 Table 12.3-1 lists and defines the following
five types of horizontal structural irregularities. (See
Fig. 6.10.) None of the irregularities need to be considered for structures in seismic design category A.
Depending upon the type of irregularity and the seismic
design category, the ASCE/SEI7 refers to Secs. 12.3.3,
12.5.3, 12.7.3, 12.8.4, 12.12.1, 16.2.2, or Table 12.6-1 for
restrictions or remediation.
1.

Torsional irregularity exists when the maximum
story drift (caused by the lateral load and the
accidental torsion) at one end of the structure
transverse to its axis is more than 1.2 times the
average story drift calculated from both ends.
Only buildings with rigid diaphragms are affected
by this type of irregularity.24
2

> 1.2

1+

2

2

Extreme torsional irregularity exists when Δ2 is
more than 1.4 times the average story drift.
ASCE/SEI7 Sec. 12.7.3 specifies that earthquake
analysis should be conducted on a 3-D structural
model when torsional irregularity exists.
2.

A building has reentrant corner irregularity when
one or more parts of the structure project beyond
a reentrant corner a distance greater than 15% of
the plan dimension in the given direction.

Seismic Building
Codes

projecting†
wing†
D 2 > 0.15D 1
projecting†
wing†
L 2 > 0.15L 1
3.

Diaphragm discontinuity occurs with diaphragms
having abrupt discontinuities or variations in
stiffness, including when there are cutout, or
open, areas greater than 50% of the gross diaphragm area, or when the stiffness of the diaphragm changes more than 50% from story to
adjacent story.

opening†
area > 0.50LD
4.

An out-of-plane offset is a discontinuity in the lateral force path—an out-of-plane offset of the vertical elements.

24

5.

D E S I G N

A nonparallel system is one for which the vertical
load-carrying elements are not parallel to or symmetrical about the major orthogonal axes of the
lateral force-resisting system.

26.
BUILDING PERIOD: T
........................................................................................................................
The ASCE/SEI7 gives two methods for determining the
building period, T. The first is an approximate method
that implies that the natural period increases as the
height of the structure increases (see Sec. 3.8). Equation 6.11 [ASCE/SEI7 Eq. 12.8-7] in accordance with
ASCE/SEI7 Sec. 12.8.2.1 can be used for all buildings.25
In Eq. 6.11 (traditionally known as Method A), hn is the
actual height (feet or meters) of the building above the
base to the nth level. (The maximum allowable heights
of the various types of structural systems are summarized in App. 6.B [ASCE/SEI7 Table 12.2-1].26)

Ta = Cth nx

6.11

C t and x are approximate period parameters determined from Table 6.11 [ASCE/SEIS7 Table 12.8-2].
Metric units are in parentheses, so that C t is 0.028
(0.0724) for steel moment-resisting frames, 0.016
(0.0466) for reinforced concrete moment-resisting
frames, 0.03 (0.0731) for eccentrically braced frames
(see Sec. 10.2) and buckling-restrained steel frames,
and 0.02 (0.0488) for all other buildings. x is 0.8 for
steel moment-resisting frames, 0.9 for concrete
moment-resisting frames, and 0.75 for both eccentrically braced frames and all other buildings.
ASCE/SEI7 Sec. 12.8.2.1 contains an alternate method
to be used in finding Ta for structures with concrete or
masonry shear walls.27

Ta =

0.0019
hn
Cw

100
Cw =
AB

x
i= 1

hn
hi

6.12

2

Ai
h
1 + 0.83 i
Di

2

6.13

AB is the base area of the structure, Ai is the web area of
the shear wall, Di is the length of the shear wall, hi is the
height of the shear wall, hn is the building height, and x
is the number of shear walls in the direction of loading.

As defined in ASCE/SEI7 Sec. 12.3.1.3, a flexible diaphragm is one that has a maximum lateral deflection at a story more than two times the average story drift at that story.
This first method will probably be used for almost all preliminary designs and many final designs.
26
The 1988 Blue Book recommended that masonry bearing wall systems in regions of high seismicity be limited to 120 ft (36.6 m). The 1988 UBC set
the limit at 160 ft (49 m). Thus, it is apparent that height limits are somewhat subjective. The discrepancy was eliminated in the 1990 Blue Book.
27
When Eq. 6.11 is used with shear wall structures, the base shear formula may be overly conservative in the lower seismic design categories.
25
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Figure 6.10 Horizontal (Plan) Irregularities
Δ2 story drift
Δ + Δ2
Δ2 > 1.2 1
2

Δ1

(

(

open

diaphragm

(d) diaphragm discontinuity
(a) torsional irregularity

(e) nonparallel system

D1
reentrant corner

D2

L2
L1
(b) reentrant corner irregularity

(f) irregular geometry

first
floor
columns

heavy
mass

(c) out-of-plane offset

(g) irregular mass/resistance
Engineers (ASCE), copyright © 2010. Used with permission from
ASCE.

Table 6.11 Values of Approximate Period Parameters Ct and x
[ASCE/SEI7 Table 12.8-2]

structure typej
moment-resisting frame systems in
which the frames resist 100% of the
required seismic force and are not
enclosed or adjoined by components
that are more rigid and will prevent
the frames from deflecting where
subjected to seismic forces
steel moment-resisting frames

Ct*j

xj

0.028
0.8
(0.0724)
0.016
0.9
concrete moment-resisting frames
(0.0466)
0.03
0.75
eccentrically braced steel frames
(0.0731)
0.03
0.75
buckling-restrained steel frames
(0.0731)
0.02
0.75
all other structural systems
(0.0488)

*Metric equivalents are shown in parentheses.

Another method for finding the period, T, known as
Method B, is based on the deformation characteristics of
the resisting elements and is a more rational determination. ASCE/SEI7 Sec. 12.8.2 is sometimes referred to as
the Rayleigh method.
If Method B is used to find the period, T, ASCE/SEI7
Sec. 12.8.2 requires that the value of T cannot be more
than Cu greater than the value of Ta, determined from
the empirical period given by Eq. 6.11 (i.e., Method A).
The value of Cu varies depending upon the value of SD1
for the building site [ASCE/SEI7 Table 12.8-1]. For
sites where SD1 is
• ≥ 0.4, Cu is 1.4
• 0.3, Cu is 1.4
• 0.2, Cu is 1.5
• 0.15, Cu is 1.6
• ≤ 0.1, Cu is 1.7

Reproduced from the 2010 edition of Minimum Design Loads for
Buildings and Other Structures, by the American Society of Civil

P P I

•

p p i 2 p a s s . c o m

Seismic Building
Codes

column
column roof to
roof to second
foundation floor
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for the most critical and unfavorable combination of
loads [IBC Sec. 1605]. Thus, all combinations must be
checked to find the controlling load combination.
Table 6.12 [IBC Sec. 1605] mentions a 1.33 allowance for
ASD design using alternative basic load combinations.
(See Sec. 6.50.)

B U I L D I N G

C O D E S

6-23
6-23

20 ft
(6.1 m)

18 kips
(80 kN)

10 ft
(3.05 m)
12 kips
(53.4 kN)

The IBC presents two sets of load combinations. The
primary set, from IBC Sec. 1605.2, is for use with
strength design or load and resistance factor design (SD
or LRFD). The second set, from IBC Sec. 1605.3, is for
use with allowable strength design (ASD). This set is
further divided into basic (IBC Sec. 1605.3.1) and alternative basic (IBC Sec. 1605.3.2) load combinations. A
third set of load combinations (previously known as special seismic load combinations, a term that may still be
encountered) incorporating overstrength factors is present only in ASCE/SEI7, but is required by the IBC
when the simplified procedure of ASCE/SEI7 Sec. 12.14
is used and in cases of vertical seismic acceleration (vertical forces) [IBC Sec 1605.1.3]. Incorporating overstrength factors is required by ASCE/SEI7 for both
ASD and strength design methods.

10 ft
(3.05 m)

column A
column B

30 kips
(133.4 kN)

rock

DL = 135 kips (600.5 kN)
LL = 15 kips (66.7 kN)

DL = 155 kips (689.5 kN)
LL = 45 kips (200.2 kN)

Example 6.5

Customary U.S. Solution
(a)

The effect of horizontal seismic force (design base
shear) is found by summing moments about column B’s footing.

QE =

Fxh x

b
(18†
kips)(20†
ft) + (12†
kips)(10†
ft)
=
20†
ft
= 24†
kips

Accounting for structural redundancy, ρQE will be

QE = (1.0)(24†
kips)
= 24 †
kips

(b) The seismic load effect of the vertical acceleration
uses the equation

Ev = 0.2SDS D
Rock profiles are given site class B [ASCE/SEI7
Table 20.3-1]. With SS = 1.4 and site class B, from
Table 6.4, the value Fa is 1.0 [IBC Table 1613.3.3(1)].
Using Eq. 6.6 and Eq. 6.8,

SMS = Fa SS = (1.0)(1.4) = 1.4
2
(1.4) = 0.933
3
135†
kips + 155†
kips
D=
= 145†
kips
2
2

SDS = 3 SMS =

For strength design, Ev is

Ev = 0.2SDS D = (0.2)(0.933)(145†
kips)
= 27.06†
kips
(c) The seismic load effect, E, is a function of horizontal
and vertical seismic-induced forces and can be determined from Eq. 6.14 [ASCE/SEI7 Eq. 12.4-1].

E = E h + Ev = QE + 0.2SDS D
= 24†
kips + 27.06†
kips
= 51.06†
kips
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A special steel moment-resisting frame is located in California at a site where SS = 1.4. The soil profile is rock.
The seismic design category is E. Assume that the
importance factor, Ie, and redundancy factor, ρ, are
both equal to 1.0. (a) What is the effect of horizontal
seismic force, QE, on column A in the axial direction due
to design base shear (i.e., resulting from the horizontal
component of the earthquake ground motion)?
(b) What is the load effect of the vertical component of
the earthquake ground motion (i.e., vertical acceleration
effect, Ev) on the column? (c) What is the seismic load
effect, E, on one column in the axial direction resulting
from the vertical and horizontal components of the
earthquake ground motion? (d) What is the estimated
seismic load effect including the overstrength factor
that can be developed in the structure at the column?

S E I S M I C

The estimated seismic load effect including the
overstrength factor can be computed from
Eq. 6.15. The seismic system overstrength factor,
ΩO, can be obtained from App. 6.B [ASCE/SEI7
Table 12.2-1]. For a special steel moment-resisting
frame, ΩO is equal to 3.0.

Em = E mh + Ev = O QE + 0.2SDS D
= (3.0)(24†
kips) + 27.06†
kips
= 99.06†
kips
SI Solution
(a)

The effect of horizontal seismic force (design base
shear) is found by summing moments about column B’s footing.

Fxh x

QE =

b
(80†
kN)(6.1†
m) + (53.4†
kN)(3.05†
m)
=
6.1†
m
= 106.7†
kN

Accounting for structural redundancy, ρQE will be

QE = (1.0)(106.70†
kN)
= 106.7†
kN
(b)

The seismic load effect of the vertical acceleration
uses the equation

Ev = 0.2SDS D
Rock profiles are given site class B [ASCE/SEI7
Table 20.3-1]. With SS = 1.4 and site class B, from
Table 6.4, the value Fa is 1.0 [IBC Table 1613.3.3(1)].
Using Eq. 6.6 and Eq. 6.8,

SMS = Fa SS
= (1.0)(1.4)
= 1.4
2

SDS = 3 SMS
2
(1.4)
3
= 0.933
600.5†
kN + 689.5†
kN
D=
2
= 645†
kN
=

For strength design, Ev is

Ev = 0.2SDS D
= (0.2)(0.933)(645†
kN)
= 120.4†
kN

C O D E S

6-25
6-25

(c) The seismic load effect, E, is a function of horizontal
and vertical seismic-induced forces and can be determined from Eq. 6.14 [ASCE/SEI7 Eq. 12.4-1].

E = E h + Ev = Q E + 0.2SDS D
= 106.7†
kN + 120.4†
kN
= 227.1†
kN
(d) The estimated seismic load effect including the
overstrength factor can be computed from
Eq. 6.15. The seismic system overstrength factor,
ΩO, can be obtained from App. 6.B [ASCE/SEI7
Table 12.2-1]. For a special steel moment-resisting
frame, ΩO is equal to 3.0.

Em = E mh + Ev = O Q E + 0.2SDS D
= (3.0)(106.7†
kN) + 120.4†
kips
= 440.5†
kN
29.
EFFECTIVE SEISMIC WEIGHT: W
........................................................................................................................
The effective seismic weight, W (in pounds or newtons),
used to calculate base shears and building periods is
normally the total seismic dead load of the structure.29
This includes the weight of the ceiling, partitions, pipes,
ducts, and equipment that are normally attached. W
does not include full design roof and live loads. The
objective in determining seismic weight W is to include
all contributions to mass likely to be present at the time
of an earthquake. However, applicable portions of other
loads should be included as follows [ASCE/SEI7
Sec. 12.7.2].
• A minimum of 25% of the floor live load (i.e., storage) is added in warehouses and storage buildings
[ASCE/SEI7 Sec. 12.7.2, Item 1].
• No less than 10 lbf/ft2 (0.48 kN/m2) must be added
when partition loads are used in the design of the
floor [ASCE/SEI7 Sec. 12.7.2, Item 2].
• The total operating weight of permanent equipment
must be included [ASCE/SEI7 Sec. 12.7.2, Item 3].
• 20% of flat roof snow load where flat roof snow load
exceeds 30 lbf/ft2 (1.44 kN/m2) [ASCE/SEI7
Sec. 12.7.2, Item 4].
• The weight of landscaping and other materials at
roof gardens or other similar areas must be included
[ASCE/SEI7 Sec. 12.7.2, Item 5].
The units of effective seismic weight, W, will determine
the units of base shear, V. Thus, if weight is expressed
in kips, the base shear will be in kips. Mass is seldom, if
ever, used in practice, as all weights are given in pounds
or kips. However, care must be taken in the unlikely
event that the structure mass, as opposed to the

29

As part of normal practice, all of the foundation weight and half of the first-story wall weight are commonly omitted in the analysis of seismic diaphragm loads. (See Sec. 6.34.) However, such a provision is not explicitly defined in the IBC for calculating base shear.
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structure weight, is specified. Equation 6.16 shows that
the weight in pounds-force (lbf) is numerically the same
as the mass in pounds-mass (lbm), although this is not
true if other units of mass are used. g is the gravitational
acceleration, 32.2 ft/sec2 (9.81 m/s2), and gc is the gravitational constant, 32.2 ft-lbm/lbf-sec2.
6.16

Wlbf = m slugg

6.17

Wnewtons = m kgg

6.18

For design of a multilevel structure, the effective seismic
weight, W, is the sum of the effective seismic weights of
all levels.

W=

n
x=1

Wx

6.19

30.
SEISMIC RESPONSE COEFFICIENT
........................................................................................................................
The seismic base shear is a function of the seismic
response coefficient, Cs, and the effective seismic weight,
W. The seismic response coefficient can be determined
using Eq. 6.20 [ASCE/SEI7 Eq. 12.8-2], and is illustrated in Fig. 6.11 and Fig. 6.12.

SDS
Cs =
R
Ie

6.20

Seismic Building
Codes

SDS is the site-dependent spectral response acceleration
parameter as determined from ASCE/SEI7 Sec. 11.4.4.
The importance factor, Ie, and the response modification factor, R, influence the value of Cs. Cs need not
exceed the following. (T is the fundamental period of
the structure, and TL is the long-period transition
period, determined from ASCE/SEI7 Fig. 22-12.)
When T ≤ TL, use Eq. 6.21(a) [ASCE/SEI7 Eq. 12.8-3].
When T > TL, use Eq. 6.21(b) [ASCE/SEI7 Eq. 12.8-4].

Cs = 0.044SDS Ie

0.01

0.5S 1
R
Ie

T

R
Ie

[SI]

6.21(a)

SD1TL
T2

R
Ie

[U.S.]

6.21(b)

•

p p i 2 p a s s . c o m

6.22(a)

[U.S.]

6.22(b)

An increase in the value of Ie increases the seismic base
shear coefficient, whereas an increase in the value of R
decreases it.
Figure 6.11 Minimum Seismic Response Coefficient

long-period
structures

short-period
structures
Cs =

SDS
R/Ie

Cs =

SD1
T(R/Ie)

T
structure period (sec)
Figure 6.12 Minimum Seismic Response Coefficient, High Seismic
Region Only

short-period
structures

long-period
structures
Cs =

Cs =

SD1
T (R/Ie)

very
long-period
structures

SDS
R/Ie
0.01
Cs = max 0.44SDSIe
0.5S1/(R/Ie)

structure period (sec)

P P I

[SI]

The seismic response coefficient, and thus the base
shear values, will be greater for structures having natural (fundamental) periods of less than T = SD1/SDS,
whereas the natural period greater than T will result in
a lower value. Coefficients SDS and SD1, which are sitedependent seismic response coefficients, are calculated
using Eq. 6.8 and Eq. 6.9 [IBC Eq. 16-39 and Eq. 16-40].
For shorter (acceleration response) period structures,
Eq. 6.21(a) can be used. Equation 6.21(b) can be used
for structures having a longer (velocity response)
period.

SD1

Cs =

Cs =

When S1 < 0.6, Cs cannot be less than Eq. 6.22(a)
[ASCE/SEI7 Eq. 12.8-5]. When S1 ≥ 0.6, Cs cannot be
less than Eq. 6.22(b) [ASCE/SEI7 Eq. 12.8-6].

Cs =

g
gc

Wlbf = m lbm

D E S I G N

seismic response coefficient

C A L I F O R N I A

seismic response coefficient

6-26
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From Eq. 6.8,

Example 6.6
A ten-story, steel special concentrically braced frame for
an emergency-preparedness center is being designed on
a stiff soil profile. The value of SS is 1.70 and S1 is 0.85.
The value of TL is 12 sec. Determine the seismic
response coefficient.

2

SDS = 3 SMS =

2
(1.7)
3

= 1.133
From Eq. 6.9,
2

SD1 = 3 SM 1 =

2
(1.275)
3

= 0.85
120 ft (36.58 m)

Since SD1 > 0.75, the seismic design category is F.
Customary U.S. Solution
The natural period, T, can be determined from Eq. 6.11
[ASCE/SEI7 Eq. 12.8-7] (i.e., Method A). From
Table 6.11 [ASCE/SEI7 Table 12.8-2], for a steel special
concentrically braced frame, Ct = 0.02 and x = 0.75. hn is
120 ft.

Ta = Cth nx = (0.02)(120†
ft)0.75
= 0.725†
sec

stiff soil profile

From App. 6.B, for steel special concentrically braced
frames, R = 6.0. From Table 6.2, the importance factor
for structures in emergency-preparedness centers, Ie,
is 1.5.
The seismic response coefficient, Cs, can be determined
from Eq. 6.20.

Solution

From Table 6.3 [ASCE/SEI7 Table 20.3-1], a stiff soil
profile is categorized as site class D. From Table 6.4
[IBC Table 1613.3.3(1)], for an SS of 1.70 and a site class
D, Fa is 1.0.
From Table 6.5 [IBC Table 1613.3.3(2)], for an S1 of 0.85
and a site class D, Fv is 1.5. Calculate the site class
coefficients.
From Eq. 6.6,

SDS
1.133
=
R
6
Ie
1.5
= 0.283

Cs =

Based on Eq. 6.22(a) [ASCE/SEI7 Eq. 12.8-5], the minimum seismic base shear coefficient is 0.01. However,
since S1 is 0.85 and larger than 0.6, Eq. 6.22(b) [ASCE/
SEI7 Eq. 12.8-6] must also be considered.

0.5S 1
(0.5)(0.85)
=
R
6
Ie
1.5
= 0.106

Cs,min =
SMS = Fa Ss = (1.0)(1.7)
= 1.7

From Eq. 6.7,

SM 1 = FvS 1 = (1.5)(0.85)
= 1.275

The larger of these two values must be used, so the minimum value of Cs is 0.106.
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From Table 6.2 [ASCE/SEI7 Table 1.5-1], emergency
preparedness buildings have a risk category of IV.

S E I S M I C

addition, since the value of S1 is greater than 0.6,
Eq. 6.22(b) [ASCE/SEI7 Eq. 12.8-6] must also be
considered.

0.5S 1
(0.5)(0.74)
=
R
8
Ie
1.0
= 0.046

B U I L D I N G

V=

R
T
Ie

=

6.24

The simplified lateral force procedure is a simple way to
compute base shear and provides conservative results
when compared to other IBC lateral force procedures.
Figure 6.13 illustrates this comparison.

0.493
(1.11†
sec)

8
1.0

= 0.0555
Since 0.01 < 0.046 < 0.0555 < 0.146, Cs = 0.0555. From
Eq. 6.23,

V = CsW = (0.0555)(66 723†
kN)
= 3703†
kN

Figure 6.13 Simplified Design Base Shear

V=

33. WHEN THE IBC PERMITS A STATIC
ANALYSIS
........................................................................................................................
The IBC refers to ASCE/SEI7 Sec. 12.6 to determine
which type of analysis is used for a given structure. The
ASCE/SEI7 is very specific about when the static
method can be used. In general, any structure may be
designed using the dynamic method at the option of the
structural engineer, and some structures must use the
dynamic method [ASCE/SEI7 Sec. 12.6].
Table 6.13 is based on ASCE/SEI7 Table 12.6-1 and
identifies when certain types of analysis are permitted
(P) and not permitted (NP). In general, irregular structures more than three stories tall in seismic design categories D, E, or F require dynamic analysis.
34. SIMPLIFIED LATERAL FORCE
PROCEDURE
........................................................................................................................
As an alternative to using the ASCE/SEI7 static lateral
force procedure, the total design base shear may be
determined by a simplified lateral force procedure,
which is given in ASCE/SEI7 Sec. 12.14. The simplified
lateral force procedure may be used in place of the
methods listed in Table 6.13 if the structure meets the
definitions of ASCE/SEI7 Sec. 12.14.1.1. Use is primarily restricted to one- or two-story bearing wall structures with limited irregularity. In general, this
procedure is not intended for routine use.

1.2SDS
W
R

(

)

V=

SDS
W
R/ e

( I)

V=

SD1
W
T(R/Ie)

(

)

period, T (sec)

SDS in Eq. 6.24 is the site-dependent design elastic
response acceleration at short period, as determined in
accordance with IBC Sec. 1613.3.4. When using Eq. 6.6
with the simplified lateral force procedure, SS need not
be taken larger than 1.5 [ASCE/SEI7 Sec. 12.14.8.1]. In
earthquake-resistant design of a structure, if the soil
profile is unknown, soil site class D can be presumed
[IBC Sec. 1613.3.2].
Example 6.8
A one-story, single-family, light-framed wood residential
dwelling is located on a site with very dense soil and a
soft rock soil profile. The house has a total weight of
45 kips (200 kN). Using the ASCE/SEI7 simplified lateral force procedure, determine the total design base
shear for this structure, assuming that (a) it is located
at a location where SS = 0.40 and S1 = 0.20, (b) it is
located at a location where SS = 2.95 and S1 = 1.14.
ρ = 1.0

vs = 2000 ft/sec (610 m/s)
very dense soil and soft rock
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SD1

FSDS
W
R

F is 1.0 for one-story buildings, 1.1 for two-story buildings, and 1.2 for three-story buildings.

total design base shear

Cs,max =

6-31
6-31

The total design base shear in a given direction should
be determined in accordance with Eq. 6.24 [ASCE/SEI7
Eq. 12.14-11].

Cs,min =

Since T < TL, based on Eq. 6.21(a) [ASCE/SEI7
Eq. 12.8-3], the maximum value of the seismic coefficient is

C O D E S

6-34

level xj

C A L I F O R N I A

hx
(m)j

5 (roof)j 18.3j
4j
14.6j
3j
11.0j
2j
7.3j
1j
3.7j
totalsj
j

C I V I L

wx
hxwx
(MN)j (m·MN)j
3.1j
3.6j
3.6j
3.6j
3.6j
17.5j

56.73j
52.56j
39.60j
26.28j
13.32j
188.49j

S E I S M I C
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h x wx
j
h x wx

Fx (MN)j

0.301j
0.279j
0.210j
0.139j
0.071j
1.000j

0.21j
0.20j
0.15j
0.10j
0.05j
0.71j

W = 350 kips
(1560 kN)
W = 550 kips
(2450 kN)

Customary U.S. Solution

w 5h 5
V
wih i

(a) The total design base shear, V, can be determined
from Eq. 6.24 using the simplified lateral force
procedure.

V=

w5 = 3.1 MN

F5 = 0.21 MN

w2 = 3.6 MN

F2 = 0.10 MN

w1 = 3.6 MN

F1 = 0.05 MN

18.3 m
3.7 m

w3 = 3.6 MN

F3 = 0.15 MN

V = 0.71 MN
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Once the total design base shear, V, for simple structures
(see Sec. 6.34) is determined by the simplified lateral force
procedure, the lateral forces at each level may be determined from Eq. 6.28 [ASCE/SEI7 Eq. 12.14-12].

( )

Example 6.10
A two-story office building in seismic design category B,
with an ordinary reinforced masonry bearing shear wall
system, is located on a site with a stiff soil profile. The

p p i 2 p a s s . c o m

From App. 6.B, for a masonry bearing shear wall
system, R = 2.0. From Table 6.3, stiff soil has a
site class D soil profile. The effective seismic
weight, W, for this building is

From IBC Table 1613.3.3(1), for soil-profile site
class D, the value of Fa is 1.0. Since the simplified
static lateral force method is used, SS does not
need to be greater than 1.5. The applicable acceleration-controlled seismic response coefficient is
2

2

SDS = 3 SMS = 3 Fa SS
2
(1.0)(1.5)
3
= 1.00

6.28

wx is the portion of W (effective seismic weight) at level
x. In the simplified static procedure, Fx forces do not
increase linearly with height above the base as they do
in the standard static procedure. For the simplified vertical base shear distribution, natural period, T, P-delta
effects, and story drift consideration may not be
required.

•

To compute V, the seismic response modification
factor, R, and effective seismic weight, W, for this
structure must be determined.

W = 550†
kips + 350†
kips
= 900†
kips

36. SIMPLIFIED VERTICAL DISTRIBUTION
OF BASE SHEAR TO STORIES
........................................................................................................................

wx
Fx =
V
W

FSDS
W
R

The value of F is 1.1 for two-story buildings.

w4 = 3.6 MN

F4 = 0.20 MN

13 ft
(4 m) 30 ft
13 ft (9.14 m)
(4 m)
vs = 1000 ft/sec (304.80 m/s)

= (0.304)(0.71†
MN)
= 0.22†
MN

P P I

value of SS is 2.05. Determine (a) the total design base
shear using the simplified static lateral force procedure,
and (b) the vertical distribution of base shear to stories.
ρ=1

The value of F5 is given by Eq. 6.25 and Eq. 6.26.

F5 = CvxV =

D E S I G N

=

Therefore, the total design base shear is

V =
=

1.1SDS
W
R
(1.1)(1.00)
(900†
kips)
2.0

= 495†
kips
(b) Because the simplified static lateral force procedure
is used to determine the design base shear, the vertical distribution of base shear to stories is also based
on the simplified vertical force distribution procedure of Eq. 6.28 [ASCE/SEI7 Eq. 12.14-12].
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Fx =

(Ww )V
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Therefore, the total design base shear is

x

V =

550†
kips
F1 =
(495†
kips)
900†
kips
= 302.5†
kips

=

350†
kips
(495†
kips)
900†
kips
= 192.5†
kips

F2 =

1.1SDS
W
R
(1.1)(1.00)
(4010†
kN)
2.0

= 2210†
kN
(b) Because the simplified static lateral force procedure is used to determine the design base shear,
the vertical distribution of base shear to stories is
also based on the simplified vertical force distribution procedure of Eq. 6.28 [ASCE/SEI7 Eq. 12.1412]. The forces at each level can be obtained from
Eq. 6.28.

192.5 kips

Fx =

302.5 kips

(Ww )V
x

2450†
kN
(2210†
kN)
4000†
kN
= 1350†
kN
1560†
kN
F2 =
(2210†
kN)
4000†
kN
= 862†
kN
F1 =

V = 495 kips

SI Solution
The total design base shear, V, can be determined
from Eq. 6.24 using the simplified lateral force
procedure.

V=

862 kN

FSDS
W
R
1350 kN

The value of F is 1.1 for two-story buildings.
To compute V, the seismic response modification
factor, R, and effective seismic weight, W, for this
structure must be determined.
From App. 6.B, for a masonry bearing shear wall
system, R = 2.0. From Table 6.3, stiff soil has a
site class D soil profile. The effective seismic
weight, W, for this building is

W = 2450†
kN + 1560†
kN
= 4010†
kN
From IBC Table 1613.3.3(1), for soil-profile site
class D, the value of Fa is 1.0. Since the simplified static lateral force method is used, SS does
not need to be greater than 1.5. The applicable
acceleration-controlled seismic response coefficient is
2

2

SDS = 3 SMS = 3 Fa SS
2
(1.0)(1.5)
3
= 1.00
=

V = 2210 kN

37. PROVISIONS FOR VERTICAL GROUND
ACCELERATION
........................................................................................................................
In the absence of specific information, it is commonly
assumed that, for distant earthquakes, the vertical component of ground motion may be taken as two-thirds of
the corresponding horizontal acceleration. This is not a
specific code provision, but the approximation has been
validated by numerous studies (with an approximate
confidence level of 75%) for earthquakes more distant
than 10 mi (15 km). The studies also noted that the vertical ground acceleration increases closer to the epicenter. At the epicenter, the magnitudes of vertical and
horizontal accelerations can be the same. Other factors
affecting the vertical ground acceleration are earthquake
magnitude, frequency of shaking, and type of soil.
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earthquake force

Figure 6.16 Elastic and Inelastic Response Deformation to Design
Earthquakes
actual
base
shear if
structure
remained
elastic

linear elastic
behavior
actual structure
inelastic behavior

code
based
shear

increase in actual building
displacement due to inelastic
behavior of structure

δxe

δx =
response displacement

Cd δxe
Ie

Table 6.14 [ASCE/SEI7 Table 12.12-1] provides ASCE/
SEI7 limitations imposed on the calculated story drift using
δx. These limitations are intended to control inelastic deformations and potential instabilities in both structural and
nonstructural elements that could affect life safety.
Furthermore, based on ASCE/SEI7 Sec. 12.14.8.5,
when the simplified static lateral force procedure is used
to determine the total design base shear, the drift, δx,
can be assumed to be 1%.
Example 6.11
A four-story special moment-resisting steel structure is
located on a site with rock-like soil in a region with frequent earthquakes. This structure has equal story
heights of 12 ft (3.66 m) at each story, a natural period,
T, of 0.70 sec, and an importance factor, Ie, of 1.0. The
architectural components of the building are designed to
accommodate story drift. The elastic displacements at
each story are indicated in the following illustration.
u4
u4 = 2.2 in
(56 mm)

F4
u3
F3
u2
F2
u1
F1

u3 = 1.70 in
(43 mm)
u2 = 1.00 in
(25 mm)
u1 = 0.40 in
(10 mm)
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Table 6.14 Story Drift Limitations [ASCE/SEI7 Table 12.12-1]

allowable story drift, Δaa,bj
risk categoryj
structurej
structures, other than
masonry shear wall
structures, 4 stories or
less above the base as
defined in ASCE/SEI7
Sec. 11.2, with interior
walls, partitions,
ceilings, and exterior
wall systems designed
to accommodate story
drifts
masonry cantilever
shear wall structuresd
other masonry shear
wall structures
all other structures

I or IIj

IIIj

IVj

0.025hsxc

0.020hsx 0.015hsx

0.010hsx

0.010hsx 0.010hsx

0.007hsx

0.007hsx 0.007hsx

0.020hsx

0.015hsx 0.010hsx

a

hsx is the story height below level x.
For seismic force-resisting systems comprised solely of moment
frames in seismic design categories D, E, and F, the allowable story
drift must comply with the requirements of ASCE/SEI7 Sec.
12.12.1.1.
c
There is no drift limit for single-story structures with interior walls,
partitions, ceilings, and exterior wall systems that have been designed to accommodate the story drifts. The structure separation requirement of ASCE/SEI7 Sec. 12.12.3 is not waived.
d
Structures in which the basic structural system consists of masonry
shear walls designed as vertical elements cantilevered from their
base or foundation support which are so constructed that moment
transfer between shear walls (coupling) is negligible.
b

Reproduced from the 2010 edition of Minimum Design Loads for
Buildings and Other Structures by the American Society of Civil Engineers (ASCE), copyright © 2010. Used with permission from
ASCE.j

story drift ratio in the top story, (d) the maximum
allowable design level response story drift ratio, and (e)
the design level response story drift that the building
must be designed to tolerate if architectural cladding
panels are to be installed at the second story, which can
accommodate only 0.71 in (18 mm) of movement.
Customary U.S. Solution

rock-like soil-profile

(a) The design level response displacement, δxe, in the
third story is
3e

Determine (a) the design level response displacement in
the third story, (b) the maximum inelastic response displacement in the first story, (c) the design level response

= u3 u2
= 1.7†
in 1.0†
in
= 0.7†
in
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included. Figure 6.16 illustrates the concept behind
determination of the elastic and inelastic response deformation δx from elastic deformation δxe.
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Table 6.15 Coefficients for Architectural Components [ASCE/SEI7 Table 13.5-1]

Seismic Building
Codes

architectural component or elementj
interior nonstructural walls and partitionsb
plain (unreinforced) masonry walls
all other walls and partitions
cantilever elements (unbraced or braced to structural frame below its center of mass)
parapets and cantilever interior nonstructural walls
chimneys and stacks where laterally braced or supported by the structural frame
cantilever elements (braced to structural frame above its center of mass)
parapets
chimneys and stacks
exterior nonstructural wallsb
exterior nonstructural wall elements and connectionsb
wall element
body of wall panel connections
fasteners of the connecting system
veneer
limited deformability elements and attachments
low deformability elements and attachments
penthouses (except where framed by an extension of the building frame)
ceilings
all
cabinets
permanent floor-supported storage cabinets over 6 ft (1829 mm) tall, including contents
permanent floor-supported library shelving, book stacks, and bookshelves over 6 ft (1829 mm)
tall, including contents
laboratory equipment
access floors
special access floors (designed in accordance with ASCE/SEI7 Sec. 13.5.7.2)
all other
appendages and ornamentations
signs and billboards
other rigid components
high deformability elements and attachments
limited deformability elements and attachments
low deformability materials and attachments
other flexible components
high deformability elements and attachments
limited deformability elements and attachments
low deformability materials and attachments
egress stairways not part of the building structure
a

apaj

Rpj

1.0
1.0

1.5
2.5

2.5
2.5

2.5
2.5

1.0
1.0
1.0b

2.5
2.5
2.5

1.0
1.0
1.25

2.5
2.5
1.0

1.0
1.0
2.5

2.5
1.5
3.5

1.0

2.5

1.0
1.0

2.5
2.5

1.0

2.5

1.0
1.0
2.5
2.5

2.5
1.5
2.5
3.0

1.0
1.0
1.0

3.5
2.5
1.5

2.5
2.5
2.5
1.0

3.5
2.5
1.5
2.5

A lower value for ap must not be used unless justified by detailed dynamic analysis. The value for ap must not be less than 1.00. The value of

ap = 1 is for rigid components and rigidly attached components. The value of ap = 2.5 is for flexible components and flexibly attached
components. See ASCE/SEI7 Sec. 11.2 for definitions of rigid and flexible.
b

Where flexible diaphragms provide lateral support for concrete or masonry walls and partitions, the design forces for anchorage to the

diaphragm must be as specified in ASCE/SEI7 Sec. 12.11.2.
Reproduced from the 2010 edition of Minimum Design Loads for Buildings and Other Structures by the American Society of Civil Engineers
(ASCE), copyright © 2010. Used with permission from ASCE.
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From Table 6.4, for SS = 1.87 and site class D, Fa is
1.0. Using Eq. 6.6 [IBC Eq. 16-37],

SMS = Fa SS = (1.0)(1.87)
= 1.87
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From Table 6.15, the values of ap and Rp are both 2.5 for
cantilever parapets. From ASCE/SEI7 Sec. 13.1.3, the
seismic importance factor, Ip, is 1.0 because the parapet
is not part of the life-safety protection system for the
building.
From Eq. 6.35, the distributed seismic force per foot of
parapet wall width is

From Eq. 6.8 [IBC Eq. 16-39],

2
2
SMS =
(1.87)
3
3
= 1.247

SDS =

From ASCE/SEI7 Sec. 12.11.1 (also, see Sec. 7.2),
the distributed seismic force per foot of wall width
need not exceed

Fp = 0.4SDS IEw p
= (0.4)(1.247)(1.0)(1400†
lbf)
= 698†
lbf [per†
foot†
of†
wall]
Fp must be at least 10% of the wall weight.

Fp =

0.4a pSDS Wp
Rp

1+

2z
hr

Ip
(0.4)(2.5)(1.247)(400†
lbf)
2.5
1.0
= 599†
lbf [per†
foot†
of†
wall]
=

1+

(2)(10†
ft)
10†
ft

The maximum design force is given by ASCE/SEI7
Eq. 13.3-2.

Fp,min = (0.10)(1400†
lbf)
= 140†
lbf
Since Fp = 698 lbf is greater than Fp,min = 140 lbf,
the value of 698 lbf governs. Use this as the design
force.
For the purpose of finding reactions, this force can
be assumed to act at the mid-height of the wall, at

1
(14†
ft) = 7†
ft
2

Fp,max = 1.6SDS I pWp
= (1.6)(1.247)(1.0)(400†
lbf)
= 798†
lbf
The minimum design force is given by ASCE/SEI7
Eq. 13.3-3.

Fp,min = 0.3SDS I pWp

698 lbf
14 ft
7 ft

(b)

The weight of the parapet alone is

Wp = (volume)

Since Fp = 599 lbf is between Fp,max = 798 lbf and
Fp,min = 150 lbf, the parapet is to be designed for
Fp = 599 lbf.
For the purpose of determining the moment at the base
of the parapet, this force can be assumed to act at the
mid-height, 2 ft up from the base. In effect, the parapet
acts as a vertical cantilever wall. The net moment at the
parapet base (i.e., where it joins the roof) is

M = (2†
ft)(599†
lbf)
= 1198†
ft-lbf [per†
foot†
of†
wall]

= (width)(height)(thickness)
†
lbf
150† 3 (1†
ft)(4†
ft)(8†
in)
†
ft
=
in
12†
ft
= 400†
lbf [per†
foot†
of†
wall]

roof line
M = 1198 ft-lbf
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= (0.3)(1.247)(1.0)(400†
lbf)
= 150†
lbf
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SI Solution
(a)

The wall length is not given, so work with a 1 m
strip of wall. Reinforced concrete has a mass of
approximately 2400 kg/m3, so the distributed
weight per meter of width is

10.2 kN
4.27 m

w p = (volume)

2.14 m

= (width)(height)(thickness)
kg
2400† 3
m

=

m
9.81†2 (1†
m)(4.27†
m)(203†
mm)
s
mm
N
1000†
1000†
m
kN

(

= 20.4†
kN

)

[per†
meter†
of†
wall]

(b) The weight of the parapet alone is
Wp = (volume)
= (width)(height)(thickness)

The entire wall must first be analyzed. From
Table 6.3, for stiff soil-profile, the site class is D.
From Table 6.4, for SS = 1.87 and site class D, Fa is
1.0. From Eq. 6.6 [IBC Eq. 16-37],

=

SMS = Fa SS = (1.0)(1.87)
= 1.87
From Eq. 6.8 [IBC Eq. 16-39],

2
2
SMS =
(1.87)
3
3
= 1.247

SDS =

From ASCE/SEI7 Sec. 12.11.1 (also, see Sec. 7.2),
the distributed seismic force per meter of wall
width need not exceed

m
9.81†2 (1†
m)(1.22†
m)(203†
mm)
s
mm
N
1000†
1000†
m
kN

(

= 5.83†
kN

)

[per†
meter†
of†
wall]

From Table 6.15, the values of ap and Rp are both 2.5 for
cantilever parapets. From ASCE/SEI7 Sec. 13.1.3, the
seismic importance factor, Ip, is 1.0 because the parapet
is not part of the life-safety protection system for the
building.
From Eq. 6.36, the distributed seismic force per meter of
parapet wall width is

Fp = 0.4SDS IEw p
= (0.4)(1.247)(1.0)(20.4†
kN)
= 10.2†
kN† [per†
meter†
of†
wall]

kg
2400† 3
m

Fp =

0.4a pSDS Wp
Rp

1+

2z
hr
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Ip

Fp must be at least 10% of the wall weight.

Fp,min = (0.10)(20.4†
kN)
= 2.04†
kN
Since Fp = 10.2 kN is greater than Fp,min = 2.04 kN,
the value of 10.2 kN governs.
For the purpose of finding reactions, this force can
be assumed to act at the mid-height of the wall, at

1
(4.27†
m) = 2.14†
m
2
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(0.4)(2.5)(1.247)(5.83†
kN)
2.5
1.0
= 8.72†
kN [per†
meter†
of†
wall]
=

1+

(2)(3.05†
m)
3.05†
m

The maximum design force is given by ASCE/SEI7
Eq. 13.3-2.

Fp,max = 1.6SDS I pWp
= (1.6)(1.247)(1.0)(5.83†
kN)
= 11.6†
kN

S E I S M I C

Fp,min = 0.3SDS I pWp
= (0.3)(1.247)(1.0)(5.83†
kN)
= 2.18†
kN
Since Fp = 8.72 kN is between Fp,max = 11.6 kN and
Fp,min = 2.18 kN, the parapet is to be designed for
Fp = 8.72 kN.
For the purpose of determining the moment at the base
of the parapet, this force can be assumed to act at the
mid-height, 0.61 m up from the base. In effect, the parapet acts as a vertical cantilever wall. The net moment at
the parapet base (i.e., where it joins the roof) is

M = (0.61†
m)(8.72†
kN)
= 5.32†
kN m [per†
meter†
of†
wall]

roof line
M = 5.32 kN•m

45. PROVISIONS FOR COLLECTORS AND
STRUCTURAL CONTINUITY
........................................................................................................................
ASCE/SEI7 Sec. 12.10.2 is concerned with ensuring
continuity in designed structures. The provisions are
intended to provide a minimum design force for connections tying portions of a structure together, for example,
collectors at projecting wings, or beam splices. Often,
such collector forces are difficult to calculate by rational
method without separating the structure or system into
two parts at the connection being analyzed. The ASCE/
SEI7 specifies a minimum continuity force to use in
designing such connections, and requires that the minimum design load include overstrength factors as designated in Sec. 12.4.3 of the ASCE/SEI7.
46.
NONBUILDING STRUCTURES
........................................................................................................................
Nonbuilding structures [ASCE/SEI7 Chap. 15] are selfsupporting structures other than buildings that, nevertheless, come under the jurisdiction of the local building
official.31 (See Fig. 6.21.)
Most nonbuilding structures, even though they are not
designed to accommodate people, are supported by
structural systems traditionally found in occupied
building structures. Nonbuilding structures carry gravity loads and resist the effects of earthquakes. Consequently, the strength required to resist the
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displacements caused by the minimum design seismic
forces on nonbuilding structures is calculated in the
same manner as those for building structures. For nonbuilding structures, as opposed to building structures,
the standard building drift limitations need not be met.
However, P-δ effects should be evaluated.
There are some differences, however, in the total design
base shear equations for building and nonbuilding structures. The natural period, T, must be determined by
rational methods.
The total design base shear given in Eq. 6.23 is used for
nonbuilding structures. In locations where S1 > 0.6g, Cs
must also be equal or greater than the value of Eq. 6.37. For
reduction in these forces, the values of the response modification factor, R, and seismic force amplification factor, ΩO,
are given in Table 6.16 [ASCE/SEI7 Table 15.4-2] for nonbuilding structures that are not similar to buildings.
(ASCE/SEI7 Table 15.4-1 gives values for ΩO and R for
structures that are similar to buildings.) Generally speaking, the values of R assigned to nonbuilding structures are
less than for building structures. This is considered justified
because nonbuilding structures do not have structural
redundancy of multiple bays and nonstructural panels that
effectively give buildings greater strength and damping
than is considered in the design process.

Cs =

0.8S 1
R
Ie

6.37

Table 6.16 Selected Values of R and ΩO for Nonbuilding Structures
[ASCE/SEI7 Table 15.4-2]

structure typej
1. Elevated tanks, vessels, bins, or hoppers on
symmetrical braced legs
2. Elevated tanks, vessels, bins, and hoppers
on asymmetrical or unbraced legs
3. Cast-in-place concrete silos having walls
continuous to the foundation
4. Distributed mass cantilever structures
such as stacks, chimneys, silos, and skirtsupported vertical vessels made from welded
steel with special detailing
5. Trussed towers (freestanding or guyed),
guyed stacks, and chimneys
6. Inverted pendulum type structures
7. Concrete or steel frame cooling towers
8. Signs and billboards
9. Amusement structures and monuments
10. Steel frame (truss) telecommunication
towers

Rj
3.0

ΩOj
2.0

2.0

2.0

3.0

1.75

3.0

2.0

3.0

2.0

2.0
3.5
3.0
2.0
3.0

2.0
1.75
1.75
2.0
1.5

Adapted from the 2010 edition of Minimum Design Loads for Buildings and Other Structures by the American Society of Civil Engineers (ASCE), copyright © 2010. Used with permission from ASCE.
j

31

Other items specifically not included in the building code are nuclear power generation plants, dams , and highway and railroad bridges . These
structures are not normally within the jurisdiction of the local building official.
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The minimum design force is given by ASCE/SEI7
Eq. 13.3-3.
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For structures in seismic design categories D, E, or F,
any structural framing elements and their connections
that are not part of the lateral force resisting system,
but are nonetheless subjected to the deformations
resulting from seismic forces, the ASCE/SEI7 requires
design and detailing to be adequate to maintain support
of design gravity (dead plus live) loads under expected
seismic deformations. The ASCE/SEI7 Sec. 12.12.5 provisions are more rigorous than previous building code
specifications. This is because the importance of deformation compatibility has been demonstrated in recent
earthquakes in population regions. For example, many
vertical load-carrying structural framing elements and
their connections performed poorly in the 1994 Northridge earthquake. (See App. 6.A.)
When computing expected deformations for the abovementioned elements, consider the following.
• P-δ effects on such elements should be considered.
• Expected deformations should be the greater of the
story drift or the maximum inelastic response displacement, δ, considering P-δ.
• The stiffening effect of such elements should be considered when determining forces in the structure.
• Additional deformations that may result from foundation flexibility and diaphragm deflections should
be considered.

48. PENALTIES FOR STRUCTURAL
IRREGULARITY
........................................................................................................................
The so-called “penalty” for some irregular structures is
the requirement of a dynamic lateral force analysis. For
example, buildings greater than three stories in height
in seismic design categories D, E, or F with vertical stiffness, mass, or geometry irregularities (types 1, 2, and 3
in ASCE/SEI7 Tables 12.3-1 and 12.3-2) must receive a
dynamic treatment.
However, adjustments for other types of irregularity are
not adequately accomplished by a dynamic analysis.
The ASCE/SEI7 penalizes irregular structures both by
imposing additional requirements and by eliminating
special allowances given to regular structures. For
example, structures with in-plane discontinuity in seismic design categories D through F must increase the
design force by 25% when designing the connection
between diaphragms and vertical elements [ASCE/SEI7
Sec. 12.3.3.4]. When a structure is regular, this
increased design force is not required.
Irregularity is also discouraged, for example, where
weak stories are prohibited [ASCE/SEI7 Sec. 12.3.3.2]
in buildings over two stories in height when the strength
ratio based on the story above is below 65%.
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Torsional irregularity is penalized by requiring the use
of an increased accidental eccentricity [ASCE/SEI7
Sec. 12.8.4.3]. Seismic forces in two orthogonal directions must be evaluated when nonparallel systems exist
[ASCE/SEI7 Sec. 12.5.3].
49.
DYNAMIC ANALYSIS PROCEDURE
........................................................................................................................
Although the details of how to perform an elastic
dynamic analysis are beyond the scope of this book, the
basic dynamic analysis procedure required by the building codes consist of three steps: (1) the static base shear
is calculated; (2) a dynamic analysis using an elastic
response spectrum is performed to determine the building period, base shear, story shears, and drifts; and (3)
the force results of the analysis are adjusted based upon
a comparison of the base shear from the dynamic analysis and that determined from the static methods
[ASCE/SEI7 Sec. 12.9]. If the base shear of the required
modal combination, Vt, is more than 85% of the static
base shear, V, no adjustment to the results of the
dynamic analysis is required. If the base shear is less
than 85% of the static base shear, then all force values
from the dynamic analysis must be scaled upward by
the ratio 0.85V/Vt [ASCE/SEI7 Sec. 12.9.4].
The ASCE/SEI7 code provides much more detailed
guidelines about the use of dynamic analysis than earlier
buildings codes have provided. ASCE/SEI7 Sec. 12.9
provides guidelines for response spectra analysis. Chapter 16 of the ASCE/SEI7 discusses time history analysis,
a less common dynamic analysis for building design.
Specific requirements about the modeling for response
spectra are provided in the building code. In ASCE/
SEI7 Sec. 12.9.1, the number of modes to be considered
in the analysis must be large enough that the combined
modal mass participation is at least 90%. The results of
individual modes are to be combined using either a sum
of the squares (SRSS) or complete quadratic combination (CQC) procedure [ASCE/SEI7 Sec. 12.9.3]. Once
forces in individual elements are determined from the
analysis, ASCE/SEI7 Sec. 12.9.2 allows for the design
force to be obtained by dividing the element force
parameters by the value of (R/Ie ) and multiplying the
element deformation values by (Cd/Ie ).
Response spectra may be site-specific according to the
requirements of ASCE/SEI7 Chap. 21. When preparing
a site-specific response spectra, 5% damping is assumed
and the earthquake should represent a 2% probability of
exceedance within a 50-year period [ASCE/SEI7
Sec. 21.2.1]. Major earthquakes near 8.0 on the Richter
scale (e.g., the 1906 San Francisco and the 1985 Mexico
City earthquakes) are considered to be exceptional
situations.
Dynamic analysis is usually performed on a computer.
However, the following steps can be used to carry out a
manual dynamic analysis on a simple multistory
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........................................................................................................................
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structure when desired. (It is not practical to perform a
dynamic analysis on structures with irregularities by
hand.)
step 1: Construct a lumped-mass, two-dimensional
model of the structure. (i represents the mode
index; x represents the floor index.)
step 2: Calculate the mode shape factors, φi,m. (See
Sec. 4.19.) Normalize the mode shape factors so
that φ = 1 at the highest level.
step 3: Calculate the period, Tm, for each mode.

n
i= 1

Mm =

n
i= 1

Wi
g

i ,m

6.39

Wi
g

2
i ,m

6.40

step 5: Calculate the spectral acceleration (Sa,m) and
seismic design coefficient for each mode from
the response spectra.

Cm =

Sa ,mI
R

=

CvI
RT

6.41

step 6: Calculate the base shear for each mode.

Wm =

L m2 g
Mm

[effective†
weight]

Vm = Cm

Wm
g

6.42

6.43

step 7: Calculate the participating mass (PM) fraction
for each mode.
Diaphragm
Theory

PM m =
Wt =

Lm2 g
MmWt
Wx

6.44

6.45

step 8: Combine the base shears into the design
dynamic lateral force, Vdynamic, using the SRSS
(i.e., square root of the sum of the squares)
method, with as many modes as are necessary
to include at least 90% of the participating mass
of the structural (i.e., until (PM) ≥ 0.90).
step 9: Calculate the lateral force, Vstatic, according to
the static provisions of ASCE/SEI7 Sec. 12.8.
step 10: Determine the adjustment factor according to
ASCE/SEI7 Sec. 12.9.4.

P P I
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step 11: Adjust Vdynamic as is required by ASCE/SEI7
Sec. 12.9.4.

Vdynamic =

(V 12 + V 22 +

2

+ Vn )

6.46

step 12: Distribute the scaled-up base shear to each
level.

Fx,m = Vdynamic

Wx
(Wi

x ,m
i ,m )

6.47

step 13: Determine the raw deflections, moments, and
shears for each mode.

step 4: For each mode shape, calculate

Lm =

D E S I G N

step 14: Use SRSS to combine the raw deflections,
moments, and shears into effective values
[ASCE/SEI7 Sec. 12.9.3].
50.
ALLOWABLE STRESS LEVELS
........................................................................................................................
The allowable stress (working stress) method is a
method of proportioning structural elements. The primary requirement of this design method is that calculated stresses produced in the elements by the allowable
stress design load combinations (service level loads) do
not exceed specified allowable stress limits. The calculated allowable stress is based on the yield stress and a
reasonable factor of safety.
The IBC does not permit an increase in allowable
stresses to be used with the basic ASD load combinations [IBC Sec. 1605.3.1].
The IBC provides alternate basic load combinations for
all materials. IBC Sec. 1605.3.2 permits a one-third
increase in allowable stresses for all combinations,
including W (wind) or E (earthquake). In some cases,
this one-third stress allowance has already been “built
in” to tables provided by the IBC and vendors. For
example, the wood structural panel diaphragm staple
requirements (as in Table 12.1 [IBC Table 2306.2(1)])
have already considered this increase, as have the connector/connection/strap/tie recommendations published by certain vendors. The table footnotes may have
to be read to determine if this increase has already been
included in published data.
There are exceptions in considering the duration of load
increase and the one-third stress increase permitted in
allowable stresses for elements resisting earthquake
forces, such as when certain structural irregularities
exist.
The IBC suggests that allowable stresses may be
increased by one-third for transitory wind, snow, and
seismic loading when allowable stress design (ASD) is
used. While this may still be appropriate for soil bearing
strength, such an allowance for steel is not present in
AISC Specifications, the IBC, or ASCE/SEI7.
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that projects above the roof line. Openings in the walls,
such as windows and doors, that reduce the wall weight
are usually disregarded when determining wall weight.

impossible. For simple structures with three or fewer
floors, the simple method of adding all forces together is
used for convenience.

In rare cases, such as when the wall is a large proportion of
the entire story weight, the diaphragm must also be able to
resist the seismic force required by the appropriate design
values. For nonstructural walls, these are defined by
Eq. 6.30 and Eq. 6.35. For structural walls with out-ofplane loading, see ASCE/SEI7 Sec. 12.11.1.

As with any seismic analysis, the diaphragm force must
be evaluated in both orthogonal directions.
Based on the ASCE/SEI7 Sec. 12.10.1.1, floor and roof
diaphragms in multi-story buildings should be designed
to resist the forces determined from Eq. 7.5 [ASCE/
SEI7 Eq. 12.10-1]. (See Sec. 6.44.)

Wall forces are calculated from the IBC equations (see
Eq. 6.35 and Eq. 6.36, which depend on the weight, W,
of the wall. (See Sec. 6.29.) Openings in the walls, such
as windows and doors, that reduce the wall weight are
usually disregarded when determining wall weight.
The total seismic force resisted by the two parallel walls
near the ground level is the sum of seismic forces resulting from the diaphragm and wall weights. In the simple
illustration of Fig. 7.1, the force on one wall is half of the
total force for both rigid and flexible diaphragms.
The portion of seismic load originating from the acceleration of the perpendicular walls is given by Eq. 7.1. The
symbols ⊥ and || refer to “perpendicular” and “parallel,”
respectively.

F

1

walls

= 2 (SC f )W

7.1

walls

SCf is the seismic coefficient of the floor. SCf is the ratio
of the story force from Eq. 6.23 to the story weight.
The portion of seismic load originating from the acceleration of the parallel walls is

F||walls =

1
(SC f )W||walls
2

7.2

All of the inertial load from the accelerating walls and
roof masses must be carried by the wall-roof connections. In calculating the total shear force on the parallel
walls, the total walls and diaphragm weights should be
used in design seismic base shear formulas.

Wtotal = Wdiaphragm + W
Ftotal =

walls +

1
(SC f )Wtotal
2

W||walls

7.3
7.4

Diaphragm
Theory

There are two reasons for calculating the forces from the
diaphragm and parallel walls separately. The first reason is to distinguish between the two for the purpose of
subsequent calculations; that is, the parallel wall force
does not contribute to chord loads and diaphragm shear
where the diaphragm is flexible. The second reason is to
emphasize the timing difference that occurs in a real
earthquake.
The perpendicular and parallel walls experience an
almost immediate force due to ground acceleration.
However, the parallel walls receive the diaphragm force
only after some delay. Unfortunately, an accurate analysis of this aspect of seismic behavior is almost
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n

Fpx =

i= x
n
i= x

Fi
w px

7.5

wi

The force Fpx should be equal to or greater than
0.2SDSIewpx, and need not exceed 0.4SDSIewpx.
3.
WALL SHEAR STRESS
........................................................................................................................
In the simple building shown in Fig. 7.1, the rigidities
(for a rigid diaphragm) and tributary areas (for a flexible diaphragm) are identical for the two walls. Therefore, half of the total seismic force is carried by each
parallel wall. The shear flow, q, in a parallel wall is

q=

Ftotal
2b

[per unit length]

7.6

The shear stress, v, in a parallel wall of thickness t is

v total =

Ftotal
2bt

[per unit area]

7.7

Shear walls located on adjoining levels should be structurally continuous and should not be offset. There
should be a complete transmission path from a shear
wall on one level to another shear wall below.
Horizontally and vertically stacked openings in shear
walls need special attention. (See Fig. 7.2.) Vertical
shears need to be transferred to adjacent piers or boundary columns.
For special reinforced masonry shear walls, ACI 530
Sec. 7.3.2.6.1.2 requires the shear stress calculated
from the building base shear to be increased by 150%
before comparing to the allowable shear strength.
This 150% increase is not required when evaluating
overturning of the wall.
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Figure 7.8 Shear Flow Distribution on a Diaphragm

vdiaphragm

A flexible diaphragm is designed to withstand shear in
its plane. It has no bending strength of its own. Rather,
the diaphragm relies on the stiffness of its chords to
limit overall diaphragm deflection. A common analogy
is to assume the diaphragm acts like a girder, where the
flanges (i.e., the chord members) resist the bending
moment, and the web (i.e., the diaphragm) resists the
shear. This is illustrated in Fig. 7.7.

L
2

b

L
2

Figure 7.7 Web and Flange of a Girder

Fdiaphragm = Fpx

–vdiaphragm
F
2

perpendicular wall
flange
web

parallel wall
flange

F
2
F = wL

The diaphragm shear flow is assumed to be linearly distributed from zero at the midpoint (i.e., at L/2) to a
maximum value at the parallel walls. (Distance L in
Fig. 7.8 is known as the diaphragm span.) At any particular point, the shear flow is traditionally assumed to be
uniform across the diaphragm depth between perpendicular walls. Edge fastening of the wood structural panel
to the framing keeps the shear resistance continuous
across the diaphragm.
The assumption that the diaphragm shear flow is constant over the depth is inconsistent with the girder analogy. Diaphragms would typically be considered deep
beams and have complex internal force distributions.
However, assuming constant shear flow provides suitable accuracy for building design. This assumption has
been verified by building performance in past earthquakes and experimental testing.

15. DEFLECTION OF FLEXIBLE
DIAPHRAGMS
........................................................................................................................
A flexible diaphragm will deflect. The beam analogy
described in Sec. 7.14 is also valid here, as the diaphragm assumes the deflected shape of a simply supported beam loaded by a uniform load. The deflection is
resisted by the perpendicular walls. Since the perpendicular wall deflection is the same as the diaphragm deflection, this deflection may be the factor that limits the
force that can be safely applied to the diaphragm.
Actual determination of the deflection, Δ, in a wood
structural panel diaphragm is complex, as it is for any
wood/timber structural member, but procedures are
available. Equation 7.9 [IBC Eq. 23-1] calculates the
plywood diaphragm deflection as a sum of flexural distortion (the first term), shear distortion (the second
term), and staple distortion (the third term). In some
cases, such as in wood-framed perpendicular walls
where a wood double-plate serves as the chord, the
fourth term may be added to account for chord-splice
slip values. Such slippage is neglected with masonry
walls.
in

Diaphragm
Theory
in
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( cX )
+
2b

[SI]

7.9(a)

[U.S.]

7.9(b)

D I A P H R A G M

=
=
=
=
=

section†
area†
of†
chord†
(in2†
or†
cm2)
diaphragm†
width†
or†
depth†
(ft†
or†
m)
staple†
slip,†
at†
load†
per†
staple†
(in†
or†
cm)
modulus†
of†
elasticity†
of†
chord†
(psi†
or†
kPa)
wood†
structural†
panel†
modulus†
of†
rigidity
(psi†
or†
kPa,†
typically†
taken†
as†
90,000†
psi
(620 530†
kPa)†
for†
wood†
structural†
panel;
alternatively,†
G = E /20†
for†
panels†
with
exterior†
glue)
L = diaphragm†
length†
(ft†
or†
m)
t = wood†
structural†
panel†
thickness†
(in†
or†
cm)
v = maximum†
shear†
(lbf/ft†
or†
N/m)

A
b
en
E
G

(

cX )

= sum†
of†
individual†
chord-splice†
slip†
values†
on
both†
sides†
of†
diaphragm,†
each†
multiplied†
by
its†
distance†
to†
the†
nearest†
support

T H E O R Y

7-11
7-11

perpendicular walls are known as chords. Chords are
generally considered to be tension and compression
members, analogous to the flanges of the beam shown in
Fig. 7.7. A diaphragm will be constructed with chord
elements along all outer edges. The chords that run perpendicular to the applied force, that is, along the perpendicular walls, and are stressed during an earthquake
are called the active chords. The chord elements in parallel walls are known as the passive chords. (See
Fig. 7.9.)
Figure 7.9 Chords

(tension)
passive
chord

passive
chord

active
chords

(compression)

The maximum deflection of the diaphragm is the
acceptable limitation of deflection or drift for the perpendicular walls directly below the diaphragm. This
limitation will depend on whether the walls are masonry
or concrete and on which authority specifies the limitation. The IBC and ASCE/SEI7 do not specify actual
limitations on diaphragm deflection, but the ASCE/
SEI7 limits such deflection to amounts that maintain
the structural integrity and protect occupants by supporting prescribed loads [ASCE/SEI7 Sec. 12.12.2].6
If the deflection is excessive, it can be reduced by
increasing the wood structural panel thickness, decreasing the staple spacing, adding a collector strut, or placing an additional shear wall within the building to
reduce the diaphragm span.
16.
CHORDS
........................................................................................................................

1
F
2 diaphragm

diaphragm force

In masonry buildings, reinforcement in the perpendicular walls themselves can (and is intended to) serve as
chords if the force is transferred through solidly
attached ledgers (see Sec. 12.9). This assumes that the
masonry walls have adequate tensile reinforcement.
Alternatively, a properly spliced wood ledger beam or a
bond beam using an embedded reinforcing bar could
serve as the chord with masonry walls, depending on the
method of attachment. Chords can also be wood (e.g.,
the double top-plate in conventional wood stud walls),
steel, or any other continuous material connected to the
diaphragm edge.
The diaphragm may be functionally divided into independent parts, known as subdiaphragms. In this case,
chords and struts will run through the diaphragm in
addition to around it. One method of supporting internal chord members in masonry construction is with
pilasters, as shown in Fig. 7.10. A pilaster is constructed
as part of the masonry wall and is designed as a column.

The elements—wall top plates or reinforcement—capable of supporting chord (i.e., compressive and tensile)
forces at the edges of the diaphragm along the

6

In the 1980s, SEAOC developed the following formula for the maximum allowable deflection.
75h 2Fb
in =
Et
In the above equation, h is the wall height (ft), Fb is the allowable masonry flexural (compressible) stress (psi, increased by the 1/3 allowance for seismic loads), E is the masonry modulus of elasticity (1,500,000 psi for masonry, 2,000,000 psi for concrete), and t is the wall thickness (in). A similar
equation has been proposed by the American Institute of Timber Construction, in which the 75 is replaced by 96.The Reinforced Masonry Engineering Handbook suggests the following equation for maximum deflection. This equation can be derived from the SEAOC equation if E = 1,500,000 psi
and Fb = (4/3)(900 psi) is used. 900 psi is appropriate for concrete walls but may be too high for masonry walls.
2h 2
in =
45t
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The staple slip, en, depends on the staple size, wood
structural panel thickness, load per staple, and type of
lumber. Usually, worst-case green lumber is assumed.
Staple slip is usually obtained graphically from appropriate sources. Values are typically less than 0.15 in
(4 mm), with most values being half that amount.

1
F
2 diaphragm
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The overturning moment is resisted by the weight of the
parallel wall and the distributed roof dead load (calculated as the roof load tributary to that panel), both acting with a moment arm of b′/2. (See Fig. 7.12.)

M resisting

b
= (D roof + Wwall )
2

7.15

plywood
diaphragm

B

7-13
7-13
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B′

~
40 ft
(12.2 m)

8 in (203 mm)
thick concrete
wall

direction of
earthquake

Figure 7.12 Resisting Forces on a Parallel Wall

roof dead load, Droof

A

A′
50 ft (15.2 m)
plan view

b′
2

W = mg

8 in (203 mm)
thick concrete
40 ft (12.2 m)
wall
10 ft
(3 m)

pinned

Measures to resist overturning are well known and
include anchoring the parallel wall panels to the foundations and, in the case of tilt-up construction, interconnecting adjacent panels.
Example 7.4
A simple four-walled 40 ft by 50 ft (12.2 m by 15.2 m)
building is part of a hazardous chemical chlorine storage
facility located at a site where SD1 is 0.22g and SDS is
0.45g. It is constructed with a wood structural panel
sheathed roof on 10 ft high (3 m) special reinforced concrete shear walls 8 in (203 mm) thick. All walls are reinforced vertically and horizontally. The average weight of
the roof diaphragm and mounted equipment is 20 lbf/ft2
(0.96 kN/m2). All connections between walls, roof, and
foundation are pinned. The building performance is
being analyzed for an earthquake acting parallel to the
short dimension. Disregard all openings in the walls.
(a)

Find the shear flow in the diaphragm on line A-B.

(b)

Find the required diaphragm edge fastener spacing
on line A-B. (Assume 11 2 in 16-gage staples, case 1
plywood layout, 3/8 in (10 mm) DOC PS 1 sheathing grade on blocked 2 in (51 mm) frame
members.)

(c)

Find the maximum chord force on line B-B′.

(d)

Find the horizontal shear stress (in psi or kPa) in
wall A-B at a point 5 ft (1.5 m) above the
foundation.

(e)

Determine the design shear stress on the shear
walls.

(f)

If wall A-B was to be reduced to only 10 ft (3 m)
long and the remaining 30 ft (9.1 m) of roof supported by a collector, find the collector force at the
end of the wall.

elevation view

Solution
From Table 6.1 and Table 6.2, for a hazardous facility,
the risk category is III and the importance factor, Ie, is
1.25. As the soil type is unknown, site class type D must
be used. (See Sec. 6.15.)
From App. 6.B [ASCE/SEI7 Table 12.2-1], for a bearing
wall system consisting of special reinforced concrete shear
walls, R = 5. From IBC Table 1613.3.5(1), for risk category III and SDS of 0.45g, the seismic design category is C.
From IBC Table 1613.3.5(2), for risk category III and SD1 of
0.22g, the seismic design category is D. The higher seismic
design category governs, so the seismic design category for
the building is D.
One-story buildings have small periods of vibration, and
in general the maximum limit on the base shear will
always govern, so the seismic coefficient can be calculated using Eq. 6.20 [ASCE/SEI7 Eq. 12.8-2].

SDS
0.45
=
5
R
1.25
Ie
= 0.1125g

Cs =

In calculating the seismic shear force as V = CsW, where
W is in pounds, Cs is needed in fractions of a gravity
(i.e., as a/g or SDS/g). Only if the building mass, in
slugs, were given, would the actual value of g need to be
retained, V = Csmg, parallel in concept to the ubiquitous engineering equation F = ma.
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If the walls had been special reinforced masonry, the
design stress would include a 50% increase [ACI 530
Sec. 7.3.2.6.1.2]. (See Sec. 7.3.)

With the values of SDS = 0.45 and Ie = 1.25, the limits
on diaphragm force are 0.113wpx and 0.225wpx. Since
0.1125 < 0.113, use 0.113.

Since the shear load along the wall was calculated
in part (a) to be 127 lbf/ft, the connection between
the 10 ft stub wall and the collector must carry
30 ft of compressive or tensile loading.

As this is a simple one-story building with only
one diaphragm, all of the inertial load from the
accelerating wall and roof masses must be carried
by the diaphragm.

lbf
Fcollector = (30†
ft) 127†
= 3810†
lbf
ft

Fdiaphragm = 0.113W

Eliminating 30 ft of parallel wall (shear wall)
reduces the accelerating mass but does not reduce
the diaphragm force. Only the perpendicular walls
affect the diaphragm force.
SI Solution
The weight being accelerated by the earthquake consists
of the diaphragm weight and a portion of the wall
weight. The weight of the diaphragm is

Since reinforced concrete has a density of 2400 kg/m3,
the weight of 1 m2 of a 203 mm thick wall is

kg
m
(203†
mm) 2400† 3 9.81†2
m
s
=
mm
N
1000†
1000†
m
kN

(

For the purpose of determining the diaphragm force, the
upper half (i.e., only the upper 1.5 m) of both perpendicular walls (i.e., the chords) is used to calculate the
wall weight. (See Sec. 6.29 and Sec. 7.2.) The remaining
seismic force passes directly into the foundation without
being carried by the wall-diaphragm connection. The
weight of half the perpendicular walls (chords) is

(a)

kN
m
= 4.78† 2 (1.5†
m)(2†
walls) 15.2†
wall
m
= 218†
kN

(

The shear per meter of diaphragm width, b, is
given by Eq. 7.8.

q=

Fdiaphragm

2b
= 1834†
N/m

N
(44.75†
kN) 1000†
kN
=
(2)(12.2†
m)

(c) The distributed seismic force, w, across the face of
the diaphragm is

Fdiaphragm

44.75†
kN
=
L
15.2†
m
= 2.94†
kN/m

w=

From Eq. 7.10, the chord force, C, is

)

= 4.78†
kN/m2

walls

= (0.113)(178†
kN + 218†
kN)
= 44.75†
kN

(b) Table 12.1 [IBC Table 2306.2(1)] gives the staple
spacing directly. The allowable shear is 2335 N/m
(> 1834 N/m), with a staple spacing of 152 mm.

kN
Wdiaphragm = 0.96† 2 (12.2†
m)(15.2†
m)
m
= 178†
kN

W

7-15
7-15

)

Equation 6.20 [ASCE/SEI7 Eq. 12.8-2] is used for calculating the base shear passing through to the foundation, but the code has additional requirements for
calculating the force on certain elements in the building. For diaphragms, based on ASCE/SEI7
Sec. 12.10.1.1, the roof diaphragm is to be designed to
resist a portion of the floor forces above it, as
weighted by the floor weights, and the diaphragm
force must be within 0.4SDSIewpx and 0.2SDSIewpx.

wL2
C =
=
8b
= 6.96†
kN

kN
2.94† (15.2†
m)2
m
(8)(12.2†
m)

(d) The net effect on the shear walls is to include the
inertial force for accelerating the diaphragm mass
and half of all the walls. The diaphragm and perpendicular wall weights have already been determined. Half the weight of the parallel walls (i.e.,
the shear walls) is

kN
ft
W|| walls = 4.78† 2 (1.5†
m)(2†
walls) 12.2†
wall
m
= 175†
kN
The total weight is

Wtotal = Wdiaphragm + W

walls +

W|| walls

= 178†
kN + 218†
kN + 175†
kN
= 571†
kN
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1.
CONCRETE CONSTRUCTION DETAILS
........................................................................................................................
Concrete itself has poor ductility in shear and is, therefore, a brittle material. This limited ductility, combined
with its higher mass compared to steel (higher mass
increases the seismic force) and lower tolerance to errors
in design and workmanship, usually makes concrete a
second choice for high-rise construction. However, concrete ductile moment-resisting frames now make it possible to design structures with the ductility and energy
dissipation capability of steel structures. In some cases
(particularly those not requiring seismic provisions), a
concrete building may be less expensive to construct.1
The primary disadvantage of concrete is its weight,
which increases the seismic forces. Some advantage can
be gained, however, by using lightweight concrete.
Concrete structures can be constructed to behave in a ductile manner. Such structures are loosely referred to as having been constructed of “ductile concrete,” “special
concrete,” or “California concrete.” In order to make concrete into a ductile structure, much attention must be given
to connection and confinement details.2 (See Fig. 9.1.)
“Ordinary concrete,” or concrete construction that does not
behave in a ductile way, cannot be used in California.
The two most important concepts in designing ductile
concrete are (1) continuity and (2) confinement. Concrete members must not pull apart, and they must not
disintegrate when the core becomes cracked or crushed.
The IBC discusses the required details of ductile concrete in
Chap. 18. The following lettered items list some of the more
important provisions. Because all provisions have been
greatly simplified in this book, and since the IBC modifies
some detailing requirements, the IBC and ACI 318 references
should be used for clarification. In almost all cases, other provisions also apply. (In some of the following cases, the accompanying figures contain additional information about special
seismic provisions.)

Figure 9.1 Typical Ductile Frame Joint for Region of High Seismic
Risk [ACI 318 Sec. 18.6.3]

column hoops
or spirals
distance to point
of inflection plus
development length
negative
reinforcement

X

X

beam hoops
vertical section Y-Y
spandrel
beam
hoops

column
hoop

beam bars

Y

Y
beam hoops

plan section X-X

The special provisions of the IBC apply to reinforced
concrete frames and shear wall structures that resist
earthquake loading. ACI 318 requires members that are
not part of the lateral force resisting system to satisfy
minimum reinforcement requirements.

1

The assumed economic superiority of steel over concrete is traditional and is a very controversial issue; it is not, by any means, an absolute fact.
It is not always easy, however, to get all the special steel reinforcing and confinement into the beam-column connection area. The joint congestion,
called a “tangle” by some, can be considerable.
2
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Concrete
Structures

The design of concrete structures should be in accordance with the strength design (load and resistance factor
design) or allowable stress design method.
A. Orthogonal Effects [ASCE/SEI7 Sec. 12.5]
Orthogonal effects should be investigated in cases of torsional irregularity, nonparallel structural systems, and
where a member is part of two intersecting lateral force
resisting systems (e.g., where the member is a corner
column more than lightly loaded by seismic forces).3
B. Connections [IBC Sec. 1905.1.3; ASCE/SEI7
Sec. 12.14.7.1]
Connections are elements that interconnect two precast
members or a precast member and a cast-in-place member. Connections that resist seismic forces must be
designed and detailed by an engineer and shown on the
drawings.
A strong connection is one that remains elastic while
the specified nonlinear action regions (i.e., the member
length over which nonlinear action occurs) endure
inelastic response under the design basis ground motion.
When a connection employs any of the code splicing
methods to join precast members and utilizes cast-inplace concrete or grout to fill the splicing closure, it is
referred to as a “wet connection.” A connection used
between precast members that does not qualify as a wet
connection is called a “dry connection.”
C. Deformation Compatibility[ASCE/SEI7 Sec. 12.12.3
and Sec. 12.12.5]
Not all members in a structure are part of the lateral
force resisting system. However, members that are not
part of that system and their connections must be
adequate to maintain support of design dead plus live
loads when subjected to the expected deformations
caused by seismic forces. For concrete elements that are
not part of the lateral force resisting system, provisions
of Sec. 18.14 of ACI 318 and ASCE/SEI7 Sec. 12.12.5
apply.
For concrete elements that are part of the lateral force
resisting system, the accepted flexural and shear stiffness properties should not exceed one-half of the gross
section properties, except on the condition that a
rational cracked-section analysis is performed. Foundation flexibility and diaphragm deflections may create
additional deformation that should also be considered.
D. Ties and Continuity [ASCE/SEI7 Sec. 12.10.2.1]
It is important that structural members do not pull
apart. For buildings in seismic design categories C, D,
E, or F, as a minimum, all smaller portions of a building
must be tied to the rest of the building with elements
having at least a strength with overstrength requirements to resist the special load combinations of ASCE/
SEI7 Sec. 12.4.2.3.

3
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E. Collector Elements [ASCE/SEI7 Sec. 12.10.2 and
Sec. 12.14.7.3]
Collector elements transfer lateral forces from a portion
of a structure to vertical elements of the lateral force
resisting system. Concrete collector elements must rely
on reinforcing steel to carry drag forces into shear walls.
For good engineering practice, when collector elements
in topping slabs are placed over precast floor or roof elements, the slab thickness should not be less than 3 in
(76 mm) or six times the diameter of the largest reinforcement (6db).
F. Concrete Frames [ASCE/SEI7 Sec. 12.2.1]
Concrete frames used in lateral force resisting systems
in seismic design categories D, E, or F must be special
moment-resisting frames (SMRF). In seismic design category C, as a minimum, these frames should be intermediate moment-resisting frames (IMRF).
G. Anchorage to Concrete and Masonry Walls [ASCE/
SEI7 Sec. 12.11.2 and Sec. 13.4.2]
To provide out-of-plane support, the roof should be
anchored to the walls and columns, and walls and columns should be anchored to the foundations. The provisions of ASCE/SEI7 Sec. 12.11.2 apply. Using the
greater of the wind or earthquake loads in design, these
anchorages should be capable of resisting load combinations using strength design or allowable stress design
[ASCE/SEI7 Sec. 12.4.2.3]. As a minimum, these connections to and between walls must be capable of resisting the horizontal force of 0.4SDSIe times the weight of
the wall, or 10% of the weight of the wall substituted for
earthquake load, E [ASCE/SEI7 Sec. 12.11]. When
anchor spacing exceeds 4 ft (1219 mm), walls must resist
bending between the horizontal anchors.
In seismic design categories C, D, E, or F, when diaphragms are anchored to walls using embedded straps
providing out-of-plane lateral support of the wall, the
straps must either attach to or hook around the reinforcing steel or terminate so that forces can effectively be
transferred to the reinforcing steel. Where flexible diaphragms are used to provide lateral support for the
walls (out-of-plane wall anchorage to flexible diaphragms) in seismic design categories C, D, E, or F, the
value of total design lateral seismic force, Fp, used for
the design of the elements of the wall anchorage system
should be determined by ASCE/SEI7 Eq. 12.11-1.
H. Boundary Elements of Shear Walls [ACI 318
Sec. 18.10.6]
For special reinforced concrete structural shear walls,
the reinforcement ratio cannot be less than 0.0025 along
both the longitudinal and transverse axes of shear walls
and diaphragms. Reinforcement spacing cannot exceed
18 in (457 mm). (See Fig. 9.2.)

The column is more than lightly loaded if its factored axial load due to seismic forces is greater than 20% of the column axial strength.
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1. Masonry Construction Details ....................... 11‑1
1.
MASONRY CONSTRUCTION DETAILS
........................................................................................................................
The materials, design, construction, and quality assurance of masonry should be in accordance with IBC
Chap. 21. Three different associations publish the Building Code Requirements for Masonry Structures, which
provides the seismic guidelines for the IBC: ACI 530,
ASCE/SEI7, and TMS 402.
A. Design and Construction Provisions
Masonry structures should be designed by one of the following methods.
1.

Allowable stress design. For this method,
masonry-designed structures should comply with
the provisions of IBC Sec. 2106 and Sec. 2107.

2.

Strength design. For this method, masonrydesigned structures should comply with the provisions of IBC Sec. 2106 and Sec. 2108.

3.

provided in IBC Sec. 1605.2. When allowable stress
design is used, the most critical effects from the combinations of factored loads provided in IBC Sec. 1605.3
should be resisted by the masonry structures.
D. Masonry Construction Details
The strength of masonry structures is sensitive to materials, design, construction, and quality control. Quality
assurance ensures that materials, construction, and
workmanship comply with the plans and specifications
and with IBC Sec. 2105. Masonry that is constructed
under the watchful eye of an expert or other qualified
person (as defined in IBC Sec. 1704) is expected to be of
better quality. Therefore, the IBC specifically requires
minimum levels of quality assurance tests and submittals [IBC Sec. 1705.4].
The following important points must be observed in
masonry design for structures in seismic design categories D, E, and F.
1.

For columns in seismic design category D or
higher, all longitudinal bars must be encircled by
lateral ties. The lateral ties give support to the
longitudinal bars. Column ties should be spaced a
maximum of 8 in (203 mm) for the full height of
columns that are part of the lateral force-resisting
system [ACI 530 Sec. 7.4.4.2.1].

2.

Masonry shear walls that are part of the seismic
force-resisting system must be reinforced with
both vertical and horizontal reinforcement. Reinforcement should be continuous around wall corners and through intersections.

3.

For special reinforced masonry shear walls, the minimum requirement for the sum of areas of vertical
and horizontal reinforcement is 0.002 times the gross
cross-sectional areas of wall. Also, the minimum area
of reinforcement in either direction must not be less
than 0.0007 times the gross cross-sectional area of
the wall [ACI 530 Sec. 7.3.2.6].

4.

For intermediate and special reinforced masonry
shear walls, no. 4 bars (with a cross-sectional area
of 0.2 in2 (129 mm2)) are the smallest that may be
used for vertical reinforcement at each corner or
wall intersection and at the edge of any openings.
Maximum bar spacing is 48 in (1219 mm) [ACI 530
Sec. 7.3.2.6].

Empirical design. For this method, masonrydesigned structures should comply with the provisions of IBC Sec. 2106 and Sec. 2109.

Masonry should also comply with the requirements of
IBC Sec. 2101 through Sec. 2105, which relate to materials and construction. Masonry units should be dry at
the time of placement. The IBC provides special
requirements when masonry is constructed in cold
weather. For various temperature ranges, there are special requirements outlined in ACI 530 Sec. 3.1.5. Metal
reinforcement should be placed prior to grouting. Positioning bolts for reinforcement requires templates or
approved equivalent means to prevent dislocation during grouting.
B. Seismic Provisions for Structural Masonry Buildings
IBC Sec. 2106 refers to ACI 530 for special provisions
for seismic resistance. In particular, ACI 530 Sec. 7.4 is
concerned with provisions for seismic design categories
B, C, D, E, and F.
C. Loads and Load Combinations
Masonry buildings and structures should be designed to
resist the load combinations specified in IBC Chap. 16.
Where strength (load and resistance) factor design is
used, structures and all portions should resist the most
critical effects from the combinations of factored loads
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Figure 11.1 Masonry Wall Frame
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coupling
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Masonry
Structures

Figure 11.2 Masonry Wall Frame Details

b (nominal
thickness)

hb (nominal length)
pier

hb (nominal
depth)

beam

5.

For special reinforced masonry shear walls, two
longitudinal wires of W1.7 (MW11) joint reinforcement are the smallest that may be used for
horizontal reinforcement at the tops and bottoms
of walls and at the tops and bottoms of any openings. Maximum spacing is 48 in (1219 mm)
[ACI 530 Sec. 7.3.2.3.1].

6.

In seismic design categories E and F, the minimum steel ratio (based on area bt) for horizontal
reinforcement is 0.0015 for stack bond (open-end)
masonry that is not part of the lateral force resisting system [ACI 530 Sec. 7.4.5.1].

7.

Only Type S or Type M cement-lime mortar or
mortar cement mortar are permitted for walls
that are part of the seismic force-resisting system
in seismic design categories D, E, and F [ACI 530
Sec. 7.4.4.2.2].
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E. Masonry Wall Frames
ASCE/SEI7 Sec. 14.4 provides general requirements for
the design of shear walls connected with coupling
beams. In designing a masonry frame, the primary
requirement is to ensure a ductile response to lateral
forces.
Figure 11.1 illustrates piers (columns) and coupling beams
in a CMU wall; Fig. 11.2 shows masonry wall frame
details. Beams interconnect vertical elements of the lateral-load resisting system. For the beams, clear span
should not be less than twice the depth. The minimum
nominal depth of the beam should be 8 in (203 mm). The
ratio of nominal beam depth to nominal beam width
should be less than six. For piers, the maximum nominal
length is six times the nominal thickness, and the minimum nominal length is three times the nominal thickness.
These dimensions ensure that flexural yielding will be limited to the beams at the face of the piers and to the bottom of the columns at the base of the structure.
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F. Allowable Shear Stress
The allowable shear stress in a masonry wall depends on
the compressive strength of the masonry, f m . ACI 530
Sec. 8.3.5.1.2 provides the methodology for determining
the allowable shear stress, Fv , considering both masonry
and steel resistance.

Masonry
Structures

It is normal practice to have the same reinforcement ratio
horizontally and vertically. In seismic design categories B,
C, D, E, or F, all masonry walls not part of the lateral
force-resisting system must be self-supporting and isolated
from the elements of the lateral force-resisting system
[ACI 530 Sec. 7.3.1]. The empirical design method cannot
be used in seismic design categories B or higher [ACI 530
Sec. 7.2].
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B. Seismic Provisions for Structural Wood Buildings
Special provisions for seismic load-resisting systems for all
engineered wood structures are provided in IBC Sec. 2305.
In particular, the IBC includes significant requirements for
seismic design categories D, E, or F.
C. Loads and Load Combinations
Wood buildings and structures should be designed to
resist the load combinations specified in IBC Chap. 16.
Where allowable stress design is used, the most critical
effects from the combinations of loads provided in IBC
Sec. 1605.3 should be resisted by the wood structures.
When load and resistance factor design is applied, structures and all portions should resist the most critical
effects from the combinations of factored loads provided
in IBC Sec. 1605.2.

1.
WOOD STRUCTURES
........................................................................................................................
The quality and design of wood members and their fastenings should be in accordance with IBC Chap. 23.

2. WOOD STRUCTURAL PANEL DIAPHRAGM
DESIGN CRITERIA
........................................................................................................................

A. Design and Construction Provisions

Design of wood structural panel diaphragms requires
consideration of diaphragm ratios, horizontal and vertical diaphragm shears, and connector/fastener values.
Figure 12.1 illustrates the layouts of wood structural
panel sheathing used to construct diaphragms.

Wood structures should be designed by one of the following design methods.
1.

2.

3.

Allowable stress design. For this method, wood
designed structures should comply with the provisions of IBC Sec. 2304, Sec. 2305, and Sec. 2306.
Load and resistance design. For this method, wood
designed structures should comply with the provisions of IBC Sec. 2304, Sec. 2305, and Sec. 2307.
Conventional light-frame construction. For this
method, wood designed structures should comply
with the provisions of IBC Sec. 2304 and Sec. 2308.

LRFD currently is an alternate design procedure to the
traditional allowable stress design method as prescribed in
the National Design Specification for Wood Construction
ASD/LRFD (NDS). Provisions for the design of wood
buildings in IBC Chap. 23 are based on the NDS. (NDS,
published by the American Wood Council, is a nationally
recognized guide for wood structural design.) The NDS
method incorporates factored loads and design provisions
and guidelines for structural lumber, glued-laminated timber, poles and piles, connections, I-joists, structural composite lumber, trusses, structural panels, shear walls and
diaphragms, and structural framing connections.

In addition, there are special requirements for seismic
design, introduced in the following subsections.
A. Framing
Collectors (i.e., drag struts) are required. Openings in
diaphragms require perimeter framing. Such perimeter
framing must be detailed to distribute shear along its
length. Diaphragm plywood cannot be used to splice the
perimeter members. Chords must be in the plane of the
diaphragm unless it can be shown that chords in other
locations of the walls will work. (See Fig. 12.2.)
B. Wood Structural Panels[IBC Sec. 2306.3]
For layouts of wood structural panel diaphragm sheathing, see Fig. 12.1.
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The maximum length-to-width ratio for a wood structural subdiaphragm is usually limited to 2.5:1. Therefore, the subdiaphragm depth limits the length of
anchor ties required. The lengths of diaphragm struts
and cross ties at diaphragm discontinuities are similarly
limited, as shown in Fig. 12.5.
Figure 12.5 Subdiaphragm Limiting Strut Length

subdiaphragm
strut or achor tie
subdiaphragm
subdiaphragm
depth

shear walls

12-5
12-5

subdiaphragm span

diaphragm
strut

direction of
earthquake forces

8.
CONNECTOR STRENGTHS
........................................................................................................................
Connectors, or fasteners, for wood are typically nails,
lag bolts (i.e., pointed bolts installed in pilot holes from
one side), and machine bolts (i.e., nutted bolts). Connectors can fail in one of several ways. Connectors, particularly nails, can pull out; wood in shear connections

It is generally unnecessary to deal with properties of the
connectors such as yield strength in shear, longitudinal
friction factor, and so on. The IBC does not provide
tables of allowable loads for connectors. Section 2306.1
of the IBC requires designs to meet the requirements of
other wood engineering standards (e.g., NDS). See
App. 12.A through App. 12.D for more information on
common connectors and fasteners.
A. Nails [NDS Chap. 12]
The IBC defers to the NDS for specific information
regarding timber design, such as nail strengths. Appendix 12.E [NDS Table 12N] gives the allowable singleshear design values, Z, when a nail (box, common, or
sinker) is driven the specified distance into the side of
the lumber. Values depend on the wood species and specific gravity, G. The diameter is one critical dimension
for a nail. Pennyweight, the common method of specifying nails, is not consistent with nail diameter. The
allowable shear load is two-thirds of the table’s values
when nails are loaded in shear parallel to the grain [NDS
Sec. 12.5.2]. Toe-nails also require a reduction of allowable stress by multiplying by a factor of 0.83 [NDS
Sec. 12.5.4]. Appendix 12.F [NDS Table 12.2.C] gives
the allowable withdrawal design strength for nails
driven perpendicular to the grain (side-grain withdrawal). Nails driven parallel to the grain of the wood
(end-grain withdrawal) are not permitted to resist withdrawal loads. Other restrictions for spacing and edge
distances are also specified by NDS Chap. 12. When
nails are used with structural sheathing, nails are to be
driven so that their heads are flush with, but do not
break, the surface of the sheathing. Appendix 12.G provides more information on standard common, box, and
sinker steel wire nails.
B. Bolts [NDS Chap. 12]
Similar to nails, the IBC defers to the NDS for bolt
strength calculations. Allowable shear design values, Z,
for wood-to-wood connections are given in App. 12.H
and App. 12.I [NDS Tables 12A and 12F] for singleshear or double-shear loading, respectively. Appendix 12.J [NDS Table 12E] provides design strengths for
bolts connecting sawn lumber to concrete.2
Allowable loads on proprietary structural straps and
ties, as shown in Fig. 12.6, must be given by the manufacturer of those ties.

2

It is also important to recognize that connector forces used in wood-to-concrete and wood-to-masonry are limited by the strength of the concrete
and masonry. Inasmuch as the wood is the weaker material, it seems logical that the wood provisions would determine the design, but there is no
guarantee of this. Limitations are covered in ACI 318 for concrete and ACI 530 for masonry.
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can fail in bearing; connectors can fail in shear or bending. (Since they are much stronger than the wood pieces
they connect, the connectors seldom fail in tension.)

Figure 12.4 Subdiaphragm

direction of
earthquake
forces

W O O D

S P E C I A L

The equivalent lateral force method is significantly different than the method defined for traditional buildings.
The behavior of the building is dominated by the performance of the isolators, in particular their lateral stiffnesses, kD,min and kD,max, which are determined by
testing. The period of vibration is determined based on
the weight of the structure and the stiffness of the isolation system [ASCE/SEI7 Eq. 17.5-2]. From this period
of vibration, a design displacement, DD, can be calculated [ASCE/SEI7 Eq. 17.5-1]. The total force expected
for the isolated structure to resist, Vb, can then be determined from Eq. 14.1 [ASCE/SEI7 Eq. 17.5-7].

F E A T U R E S

14-3
14-3

amplitude of swaying. Some involve moving blocks
and counterweights, while others, such as passive
visco-elastic dampers or friction dampers, are not
much more than large shock absorbers.5 Those that
require power for motors and information from sensors for computers are known as active systems;
those that do not are passive systems. Design procedures are defined in Chap. 18 of ASCE/SEI7.

14.1

Already used in some high-rise buildings to reduce wind
drift, active mass dampers are nothing more than multiton blocks, usually of concrete or steel, suspended like a
pendulum by a cable or mounted on tracks in one of the
building’s upper stories. When the wind or an earthquake makes the building sway, a computer sensing the
motion signals a motor to move the weight in the opposite direction, thereby minimizing or neutralizing the
motion.

The total base shear is dependent on the stiffness of the
isolation system, rather than the structural system.
This base shear is then distributed to the different floors
of the building similar to the methods used for traditional building design [ASCE/SEI7 Eq. 17.5-9].

Only a specific size of block will work in a building,
because the weight of the block depends on the building’s weight, the location of the block, the lag time, and
the mode to be counteracted. Therefore, the mass is
“tuned” to the structure, and the systems are also known
as tuned mass dampers (TMD).

Likewise, dynamic analysis procedures are defined by
ASCE/SEI7 Sec. 17.6. These procedures are more similar to the methods used for traditional building design,
but they require more sophisticated models of the isolation system. ASCE/SEI7 Sec. 17.6.2.1 specifies that
models of the isolators must include

Active tendon and active pulse systems are similar,
except that the building is moved by hydraulic pistons
in the foundation or between stories instead of by a
mass at the top. The energy pulse usually only needs to
be applied once or twice each building motion cycle.

Vb = k D,maxDD

• the spatial distribution of the isolators
• the most critical location of any eccentric mass
• an assessment of the overturning and/or uplift of the
isolator units
• an account of the effect of vertical load, bilateral
load, and/or the rate of loading of the isolator
Based on ASCE/SEI7 Sec. 17.5.4.3, the total design
base shear of the seismic-isolated structures, Vs, determined by the equivalent lateral force procedure should
be equal to or greater than the base shear for a fixedbased structure having the same weight and period, the
design wind load, or the lateral seismic force required to
completely activate the isolated system factored by 1.5.
The maximum interstory drift ratio of the structure
above the seismic-isolated structure should not exceed
the limits given by ASCE/SEI7 Sec. 17.5.6.
4.
DAMPING SYSTEMS
........................................................................................................................
Passive and active damping systems, like base isolation, are in their infancy, at least in terms of largescale use. These systems increase the damping ratio
of the building and, in so doing, decrease the

These devices typically reduce the lateral forces by onethird to one-half while increasing the building weight
approximately 1%. They are also suitable for torsion
control when placed off-center in a structure.
The most significant drawback to active systems is the
fact that they require external power not only for the
computer, but also for the motors driving the masses.
Further, the large masses currently in use ride on oil
bearings that take up to four minutes to pressurize.
Thus, while active systems are useful in reducing drift
during a predicted and slowly increasing windstorm,
such devices are not yet substitutes for proper seismic
design.
Active damping systems require detailed engineering
design and analysis, and are generally restricted to
structures with unique requirements. An example is
located in Tokyo in the Kyobashi Seiwa Building,
known for its extraordinary shape (11 stories high and
only 13 ft (396 cm) wide).
Most damping devices installed in buildings are passive.
(One of the best-known passive systems is located on
the top floor of the 59-story Citicorp Building in Manhattan, where a 400 ton concrete-tuned block is
located.)

5

Friction dampers have more in common with devices used to absorb coupling shocks in railway rolling stock than with automobile shock absorbers.
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stringent about the building configurations that can be
designed using the equivalent lateral force method
[ASCE/SEI7 Sec. 17.4.1].
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The tank is on a raised platform supported by a
braced framework, so this is a nonbuilding structure supported by another structure. ASCE/SEI7
Sec. 13.1.5 says that nonbuilding structures
(including storage racks and tanks) that are supported by other structures must be designed in
accordance with Chap. 15.

Based on ASCE/SEI7 Table 15.4-2, for elevated tanks
supported on structural towers similar to buildings, use
ASCE/SEI7 Table 12.2-1. (See App. 6.B.) From ASCE/
SEI7 Table 12.2-1, for a building frame consisting of special steel, concentrically braced, R = 6.
52. What is the absolute IBC limitation on drift?
Solution
The key word in this question is “absolute.” There is no
absolute limitation on drift in the IBC, as any drift that
can be shown to be “tolerable” is permitted. Other limitations apply, however, when drift is not tolerable. (See
Sec. 6.40.)
53. What percentage of buildings with moment-resisting
frame systems in seismic design category F should be
detailed to qualify as special moment frames?
Solution
All buildings with moment-resisting frame systems
must be detailed to qualify as special moment-resisting
frames. (See Sec. 6.21.) Intermediate moment frames
and ordinary moment frames are not permitted in seismic design category F.
54. What percentage of the live load in a warehouse
should be added to the dead load when calculating base
shear?

15-7
15-7

57. What is the correct value to use in Eq. 6.6 [IBC
Eq. 16-37] for SS for a site located at latitude 45° and
longitude 105° (northeastern Wyoming)?
(A) 0.043
(B)

0.160

(C) 61.8 in/sec2 (1570 mm/s2)
(D) 16%
Solution
The location on IBC Fig. 1613.3.1(1) is partway
between the contours for 15% g and 20% g. The value
should be interpolated (or the higher value contour
should be used). The value used in Eq. 6.6 should be the
decimal reading, not the percentage, and it should not
be converted to customary U.S. or SI units. (The base
shear and structure weight in the ASCE/SEI7 formulas
have the same units.)
The answer is (B).

58. A special steel moment frame structure is located at
a site where SS is 110% from IBC Fig. 1613.3.1(1) and S1
is 43% from IBC Fig. 1613.3.1(2). The site class is D.
The importance factor is 1.0. What is the seismic
response coefficient, Cs, for the structure if the structure’s period of vibration is 0.5 sec?
(A) 0.027
(B)

0.034

(C) 0.070
(D) 0.097

Solution

Solution

A minimum of 25% of the warehouse live load should be
added. (See Sec. 6.29.)

The site coefficient values of Fa and Fv are obtained
from interpolating the provided values from IBC
Table 1613.3.3(1) and Table 1613.3.3(2) using the rows
for site class D. For Fa, the values from Table 1613.3.3
(1) are 1.1 for SS of 1.00 and 1.0 for SS of 1.25. Interpolating for the value when SS is 1.10 results in the value
of Fa being 1.06. Likewise, for Fv, the values from
Table 1613.3.3(2) are 1.6 for S1 of 0.40 and 1.5 for S1 of
0.50. Interpolating for the value when S1 is 0.43 results
in the value of Fv being 1.57.

55. What is the range of mapped maximum considered
earthquake ground motion for Arizona and New Mexico
of 0.2 second spectral response acceleration?
Solution
From IBC Fig. 1613.3.1(1), the highest value is 50% of g
(near latitude 35° and longitude 106°), and the lowest
value is 7.8% of g (near latitude 35° and longitude 104°).
(See Sec. 3.2.)
56. Considering IBC Fig. 1613.3.1(1) and Fig. 1613.3.1(2),
what regions of the country have values of S1 larger
than SS?
Solution
No site on the map (or any of the other maps) has a
value of S1 larger than SS.

Using these results, the maximum considered earthquake spectral response acceleration parameters are
determined using IBC Sec. 1613.3.3. From Eq. 6.6 [IBC
Eq. 16-37],

SMS = Fa SS = (1.06)(1.1)
= 1.17
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From Eq. 6.7 [IBC Eq. 16-38],

5.
CONCRETE AND MASONRY STRUCTURES
........................................................................................................................

SM 1 = FvS 1 = (1.57)(0.43)
= 0.68
The design spectral response acceleration parameters
are determined using IBC Sec. 1613.3.4. From Eq. 6.8
[IBC Eq. 16-39],
2

SDS = 3 SMS =

2
(1.17)
3

= 0.78
From Eq. 6.9 [IBC Eq. 16-40],
2

SD1 = 3 SM 1 =

2
(0.68)
3

= 0.45
The value of the structure response modification factor,
R, for the structure is obtained from App. 6.B [ASCE/
SEI7 Table 12.2-1]. Under category C.1, special steel
moment-resisting frames have an R value of 8.
With these design parameters, the equations for the
seismic coefficient are obtained from ASCE/SEI7
Sec. 12.8. The first equation provides an upper limit on
the seismic coefficient. From Eq. 6.20 [ASCE/SEI7
Eq. 12.8-2],

SDS
0.78
Cs =
=
R
8
Ie
1
= 0.0975
This value will be correct for all structures where T < Ts.
To determine Ts, set Eq. 6.20 [ASCE/SEI7 Eq. 12.8-2]
equal to Eq. 6.21(a) [ASCE/SEI7 Eq. 12.8-3].

SDS
SD1
=
R
R
Ts
Ie
Ie
Practice
Problems

SD1
0.45
=
SDS
0.78
= 0.58†
sec

Ts =

Since the period T = 0.5 sec is below Ts, the value calculated for Cs is correct.
The answer is (D).
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59. What are the possible modes of failure due to seismic
forces if the lateral force-resisting system of an older
high-rise building is constructed of reinforced concrete?
Solution
(See Sec. 9.1.) This question does not specify whether
the concrete is specially reinforced or whether the concrete is used in a frame or shear wall structure. In general, a reinforced concrete frame will have failed if the
concrete spalls or crushes before plastic yielding of the
steel reinforcing occurs, or if the steel reinforcing is
stressed plastically. Failure can be expected to occur:
(a) at the ends of well-designed columns when there is
insufficient shear resistance (i.e., such that the column breaks out of its supports)
(b) in poorly designed columns with insufficient
confinement
(c) in shear walls due to inadequate vertical
reinforcing
(d) at construction joints due to inadequate bonding
between members
(e) in beams due to inadequate shear reinforcing
(f) in columns due to excessive drift and overturning
moment
60. What are the most important considerations in
achieving ductility in concrete frames?
Solution
The most important considerations are confinement and
continuity. (The steel in confined, or specially reinforced, concrete should yield before the concrete
crushes.) Adequate bonding between steel and concrete
must be ensured. Steel must be capable of developing its
full tensile strength. Members must be adequately tied
together at joints. (See Sec. 9.1.)
61. What is meant by confined concrete?
Solution
Confined concrete is also called ductile concrete or specially reinforced concrete. The steel in ductile concrete
will yield before the concrete crushes. This enables the
concrete member to develop its full compressive
strength without yielding. (See Sec. 9.1.)
62. Why is concrete confined at joints and in members?
Solution
The confining steel in ductile concrete enables the concrete to develop its full compressive strength while the
longitudinal reinforcing steel yields. (See Sec. 9.1.)
63. What are some of the construction methods used to
ensure ductile behavior of concrete?
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Since the building performs no special function,
Ie = 1.0. For a special steel concentrically
braced building frame system, the value of R is
6.0.
From Eq. 6.21(a), the maximum seismic coefficient is

SD1

Cs,max =

T

R
Ie

=

0.213
6.0
(0.48†
sec)
1.0

= 0.0740
Since S1 < 0.6, based on ASCE/SEI7 Sec. 12.8.1.1,
the minimum base shear coefficient is the larger of
0.01 or 0.044SDSIe.

0.044S DSIe = (0.44)(0.533)(1.0)
= 0.0235
From Eq. 6.20,

Cs =

SDS
0.533
=
= 0.0888
R
6
Ie
1.0

Since 0.0235 < 0.0740 < 0.0888, Cs = 0.0740.
From Eq. 6.23,

V = CsW = (0.0740)(730†
kips) = 54.0†
kips
(b)

For Eq. 6.26, the value of k is 1 because T = 0.48 sec
< 0.5 sec.
Forming a table is the easiest way to determine
the floor forces.
level xj
7j
6j
5j
4j
3j
2j
1j
j

hx (ft)j
70j
60j
50j
40j
30j
20j
10j
j

wx (kips)j
130j
100j
100j
100j
100j
100j
100j
totalj

hxwx (ft-kips)j
9100j
6000j
5000j
4000j
3000j
2000j
1000j
30,100j

For the third floor (level 2),

h xw x
(20†
ft)(100†
kips)
=
= 0.0664
h xw x
30,100†
ft-kips

15-19
15-19

SI Solution
(a) The natural period, T, can be determined from
Eq. 6.11 [ASCE/SEI7 Eq. 12.8-7] (i.e., Method A).

Ta = Cth nx
From Table 6.11, for an ordinary steel-braced frame
system, Ct = 0.0488 and x = 0.75. hn = 21.34 m.

Ta = (0.0488)(21.34†
m)0.75
= 0.48†
s
Assuming the penthouse is not part of the structural system and is more an “element” than a
building, the building is really only seven stories.
Therefore, the building weight is

kN
W = (7†
stories) 445†
+ 133†
kN
story
= 3248†
kN
According to the IBC, for this site SS = 1.00 and
S1 = 0.40. For site class A, the value of Fa and Fv
is 0.8.

SMS = Fa SS = (0.8)(1.00) = 0.80
SM 1 = Fv S 1 = (0.8)(0.40) = 0.32
2
(0.80) = 0.533
3
2
2
SD1 = 3 SM 1 =
(0.32) = 0.213
3
2

SDS = 3 SMS =

The values of SDS and SD1 result in the building
being in seismic design category D.
Since the building performs no special function,
I e = 1.0. For a special steel concentrically
braced building frame system, the value of R
is 6.0.
From Eq. 6.21(a), the maximum seismic coefficient is

Cs =

SD1
T

R
Ie

0.213

=

(0.48†
sec)

6.0
1.0

= 0.0740
Since S1 < 0.6, based on ASCE/SEI7 Sec. 12.8.1.1,
the minimum base shear coefficient is the larger of
0.01 or 0.044SDSIe.

0.044S DSIe = (0.044)(0.533)(1.0)
= 0.0235

From Eq. 6.26 and Eq. 6.27,

F2 =

Vw 2h 2
= (54.0†
kips)(0.0664) = 3.59†
kips
wih i
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Practice
Problems

The values of SDS and SD1 result in the building
being in seismic design category D.
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