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he earthquake load provisions in
Chapter 16 of the 2003 edition of the
International Code Council’s (ICC)
International Building Code® (IBC)

include many updates. The following is an
explanation of the most significant differences
between the new provisions and the 2000 IBC.

Reliance on ASCE 7 seismic provisions
The most noteworthy revisions to the seis-

mic provisions resulted from code change pro-
posals jointly sponsored by the Structural
Engineering Institute of the American Society of
Civil Engineers (ASCE) and the seismic com-
mittee of the National Council of Structural
Engineers Associations. The first change includ-
ed a new exception that permits the use of
ASCE’s Minimum Design Loads for Buildings
and Other Structures (ASCE 7) seismic provi-
sions in their entirety as an alternative to the
IBC seismic provisions. Second, some provi-
sions unique to ASCE 7 were incorporated into
the IBC. Finally, several code change proposals
replaced IBC seismic provisions with references
to the corresponding provisions in ASCE 7. In
this way, the differences between the two sets of
seismic provisions were narrowed considerably. 

The replacement of IBC seismic provisions
with the corresponding provisions of ASCE 7
results in two categories of seismic provision
updates in the 2003 IBC. First, there are
updates driven by new material in the refer-
enced ASCE 7 provision, largely the incorpora-
tion of requirements based on the Building
Seismic Safety Council’s 2000 National Earth-
quake Hazard Reduction Program Recom-

mended Provisions for Seismic Regulations for
New Buildings and Other Structures. Second,
there are changes brought about where the ref-
erenced ASCE 7 provisions simply differ from
those previously in the IBC. Therefore, some
earlier IBC provisions were retained and, in
some cases, updated as well. In the 2003 IBC,
these are reflected as modifications to the refer-
enced ASCE 7 provision. 

In the December 2002 issue of Structural
Engineer, the article “Changes to the Interna-
tional Building Code,” by Michael Pfeiffer, P.E.,
provided an example of how this is accom-
plished by describing an IBC modification that
adds a two-stage analysis procedure to the

ASCE 7 provision. In this way, some IBC-
specific requirements that were not incorporat-
ed into the 2002 edition of ASCE 7 remain a
part of the IBC seismic criteria.

In addition to placing an emphasis on the
ASCE 7 seismic provisions, the changes essen-
tially provide two avenues for determining seis-

mic loads on structures. The first is the use of
the ASCE 7 seismic provisions in their entirety.
The second is to follow the seismic criteria of
the IBC and, where directed, use the specific
portions of ASCE 7 that are referenced along
with any modification made under the IBC.

Option one: The ASCE 7 seismic provisions
The option to use the ASCE 7 seismic provi-

sions in their entirety is provided in Exception
1 to IBC Section 1614.1. It specifically permits
the use of ASCE 7 Sections 9.1 through 9.6, as
well as Section 9.13 and 9.14. In taking this
approach, the engineer applies these provi-
sions, as applicable to a particular structure, in
lieu of IBC Sections 1613 through 1623. Sec-
tion 1604.5 of the IBC still requires that the
importance factors for snow, wind, and seismic
loads be determined from Table 1604.5. To do
so requires that the occupancy categories of
this table be followed. 

Also note that technical differences exist
between the IBC table and Table 1-1 of ASCE 7.
Since Section 9.1.3 refers to Table 1-1 for the
determination of Seismic Use Group and Sec-
tion 9.1.4 assigns importance factors based on
the Seismic Use Group, a conflict arises for
structures that are treated differently by these
tables. Without discussing the pros and cons of
each table, note that Section 102.4 of the IBC
states that this code applies when differences
occur between it and referenced codes and
standards. The seismic importance factor must
be that required by Section 1604.5 of the IBC.
For consistency, the occupancy categories
described in Table 1604.5 should be followed.
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A complete discussion of all changes arising
from the application of the ASCE 7 seismic cri-
teria is beyond the scope of this article. Those
who believe in the use of national standards
will be pleased and, perhaps, will not need to
read further, as the balance of this discussion
focuses on the use of 2003 IBC seismic provi-
sions. Since these incorporate many ASCE 7
provisions by reference, the more significant of
these referenced provisions will be discussed. 

As a practical matter, deciding which design
option to employ may come down to familiar-
ity and usability of the provisions, as well as, in
some cases, which set of provisions would be
more advantageous for a particular project.

Option two: The IBC seismic provisions
With significant portions of the IBC seismic

provisions replaced by references to ASCE 7, a
brief review of what remains is in order. As pre-
viously mentioned, the proposals to reference
ASCE 7 provisions intentionally left the IBC
basic scoping criteria intact. Thus, Sections
1614 (General/Scope), 1615 (Ground Motion)
and 1616 (Criteria Selection), up to and
including Section 1616.4.5, remain in the IBC.

Section 1616.4 covers seismic design
category (SDC) A requirements and specifically
states that SDC A structures need only comply
with Sections 1616.4.1 through 1616.4.5. The
ASCE 7 provisions that correspond to (but dif-
fer somewhat from) the IBC criteria for SDC A
also are included within the references to ASCE
7 seismic provisions. Unless the designer is
using the ASCE 7 seismic provisions in their
entirety, the design of SDC A structures can be
accomplished under the IBC without applying
ASCE 7 requirements. 

In considering proposals for the substitu-
tion of ASCE 7 seismic provisions, the ICC
structural committee decided that it would be
reasonable to retain the simplified analysis
procedure of IBC Section 1617.5, much like the
IBC includes a simplified procedure for wind
analysis. In an attempt to make this a stand-
alone procedure within the IBC, other neces-
sary criteria, such as design and detailing
requirements, were retained as well. These pro-
visions are identified as being applicable only
to structures analyzed under the simplified
analysis procedure. Thus, any structure that
previously could have been analyzed within
the confines of the IBC simplified analyzed
procedure, still may be analyzed under the IBC
without referring to ASCE 7.

Scope — The IBC requirements for addi-
tions (Section 1614.1.1) and alterations (Sec-
tion 1614.3) were revamped to provide more
consistent treatment. Additions or alterations

that decrease the seismic resistance of any exist-
ing structural element by no more than 5 per-
cent are permitted now without requiring the
entire seismic-force-resisting system to con-
form to code requirements for a new structure.
The actual addition or alteration must conform
to the requirements for a new structure. 

A new exception permits alterations that
are initiated to increase the strength or stiffness
of an existing structure’s seismic-force-resisting
system, including existing or newly added

structural elements that are not required by the
code. This exception is conditioned on
submitting an engineering analysis that meets
six specified criteria. By recognizing that full
code compliance can be prohibitive and actu-
ally can discourage the upgrading of existing
structures, this exception allows owners of
existing structures to perform voluntary seismic
upgrades that improve  earthquake perfor-
mance to the extent it is viable (economically
or otherwise).
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The applicability of the equivalent lateral
force procedure to structures classified as SDC
D, E, or F was updated to apply to regular struc-
tures with a fundamental period less than 3.5Ts
(see ASCE 7 Table 9.5.2.5.1). Research indicates
that for structures with fundamental periods
greater than 3.5Ts, response in higher modes
becomes significant. Since the equivalent lateral
force base shear equation assumes first mode
response, it does not predict the response of
these long-period structures accurately. Thus, an
updated, research-based equivalent lateral force
applicability limit is more appropriate than the
long-standing height limit of 240 feet.

Redundancy coefficient — Some modifi-
cations both clarify the determination of the
redundancy coefficient, ρ, and/or lessen unin-
tended consequences. One such clarification is
that in light-frame construction when comput-
ing rmax, the factor “10/lw need not exceed 1.0.”
This factor was introduced originally as a credit
for long shear walls, but has created a problem
for wood-frame buildings, which typically use
relatively narrow shear wall segments. Without
this added wording, wall piers in light-frame
construction that are less than 10 feet long are
subjected to an unintended penalty.

Another modification permits rmax to be
calculated assuming rigid diaphragm behavior
for a story with a flexible diaphragm immedi-
ately above and limits ρi to 1.25. Thus, for a
structure with flexible diaphragms throughout,
the maximum redundancy coefficient is effec-
tively reduced from 1.5 to 1.25. Recognizing
that the provisions for redundancy were devel-
oped with rigid diaphragm structures in mind,
this change attempts to lessen an unintended
penalty on flexible diaphragm structures where
additional lines of resistance are introduced. 

Also recall that the simplified analysis pro-
cedure of Section 1617.5 incorporates a base
shear that is 20 percent higher than that of the
equivalent lateral force procedure. It is antici-
pated that the simplified analysis procedure
would be applied mainly to flexible diaphragm
structures. In addition to deeming the reduced
limit on the redundancy coefficient to be rea-
sonable for flexible diaphragm structures, it is
established such that the maximum value of
1.25, compounded with a 20-percent base
shear increase required under the simplified
analysis procedure, results in a combined effect
that is equivalent to the generally applicable
redundancy coefficient maximum of 1.5.

Previously, more restrictive limits on the
redundancy coefficient existed for structures
with seismic-force-resisting systems comprised
solely of special moment frames. These limits
were imposed because special moment frame
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Ground motion — Two changes were
made to site coefficient Tables 1615.1.2(1) and
1615.1.2(2), which eliminate the need for site-
specific investigations under certain circum-
stances. The first of these changes inserts values
for the site coefficients Fa and Fv in lieu of the
reference to footnote “b” for Site Class E soil
profiles, which have mapped spectral accelera-
tions for short periods, Ss, greater than or equal
to 1.25 or mapped spectral accelerations for a
one-second period, S1, greater than or equal to
0.5. Thus, in both tables, footnote “b,” which
requires a site-specific investigation, is now
only applicable to Site Class F soil profiles. 

Additionally, an exemption to the require-
ment for site-specific study for Site Class F soil
profiles was added to footnote “b.” The exemp-
tion applies to structures with a fundamental
period of vibration equal to or less than 0.5
seconds in liquefiable soils. It allows Fa and Fv
to be based on the site class of the soil profile
determined in the absence of liquefaction. 

Susceptibility to liquefaction is one of the
four characteristics (see Table 1615.1.1) that
triggers classification as Site Class F. Where this
classification is based solely on the soil’s lique-
faction potential — and it does not exhibit any
of the other Site Class F characteristics — the
soil essentially is reclassified, typically as Site
Class D or E. The reasoning behind this
exemption is that any amplifying effect of soil
liquefaction on ground motion response
spectra is expected to be in the long-period
range, while short-period response tends to be
unchanged or attenuated by liquefaction. 

Criteria selection — Section 1616.3 of the
IBC requires that the SDC of a structure be
based upon the more stringent SDC deter-
mined considering both the design spectral
response acceleration at short period, SDS, and
the design spectral response acceleration at
one-second period, SD1. This has meant that
short-period structures — those with funda-
mental period, T, equal to or less than the
calculation of Ts = SD1/SDS in Figure 1615.1.4
— that are designed based upon the accelera-
tion-controlled (flat) portion of the design
response spectrum have their SDC determined
by the value of SD1. 

Another exception to Section 1616.3 allows
the SDC of short-period buildings with approx-
imate fundamental period less than 0.8Ts to be
determined based solely on SDS. To qualify,
diaphragms must be rigid, and the upper-
bound design base shear of the equivalent lat-
eral force procedure must be used. For
example, equation 9.5.5.2.1-1 of ASCE 7 must
be used to determine the seismic design coeffi-
cient, Cs. Requiring use of the equivalent lateral

force procedure’s upper-bound design base
shear implies one additional qualification. The
equivalent lateral force procedure should be
permitted for the structure under consideration
in Table 9.5.2.5.1 of ASCE 7. The approximate
fundamental period is limited to less than 0.8Ts
since a structure’s fundamental period is, at
best, only an indicator of actual response. With
this limitation, incursions into the velocity-
controlled range of the design spectrum —
where T is greater than Ts — should be relative-
ly insignificant and should be offset by the
requirement to design for the upper-bound
design base shear. The effect of this exception
on the determination of SDC is illustrated in
the design example above for a hypothetical
site in the Baltimore area. 

This example demonstrates the methods for
determining the Seismic Design Category (SDC)
per section 1616.3 and per the Exception.To deter-
mine the SDC, it is preferable to use your site’s lon-
gitude and latitude to obtain ground motion
parameters; however, this example uses the zip
code for a site located in Baltimore.

In accordance with Section 1616.3:
Determine the spectral accelerations from USGS
Seismic Design Parameters for zip code 21240:

SS = 0.187 g 
S1 = 0.063 g 

Assume a soil profile, Site Class C, and find the site 
coefficients:

Fa = 1.2, per Table 1615.1.2(1)
Fv = 1.7, per Table 1615.1.2(2)

Adjust the spectral response accelerations:
SMS = Fa SS = 0.224 g
SM1 = Fv S1 = 0.107 g

Calculate the design spectral response accelerations:
SDS = (2/3)SMS = 0.15 g
SD1 = (2/3)SM1 = 0.071 g

Compare the SDC from each spectral response 
acceleration for a Seismic Use Group I structure:

Since SDS< 0.167 g, SDC = A per Table 
1616.3(1); however, since 0.067 g < SD1 < 0.133 g,
SDC = B per Table 1616.3(2). 

Therefore, the site is classified as SDC B.

Per the new Exception to Section 1616.3:
TS = SD1/SDS = 0.47 sec,  and  0.8TS = 0.38 sec

For a Seismic Use Group I structure with rigid
diaphragms throughout and approximate funda-
mental period, Ta, less than 0.38 seconds, the SDC
may be based solely on Table 1616.3(1). In this case,
the SDC can be classified as A, instead of B. Also
note that the upper bound design base shear of the
equivalent lateral force procedure must be used.

DESIGN EXAMPLE:
Seismic Design Category Determination
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Conclusion
In addition to these significant updates to

the IBC earthquake load provisions, there are
noteworthy changes to the simplified and
dynamic analysis procedures. To learn more,
see “Additional seismic changes” on
Structural Engineer’s website at www.gostruc-
tural.com/V4N3/codechanges.html. Also, there
are changes to provisions for design and
detailing of structural components, nonstruc-
tural components, non-building structures

and seismically isolated structures that have
not been discussed — but will be of interest to
structural engineers — as will the updates to
the seismic requirements in each of the
material chapters. 

designs usually are drift-controlled and, there-
fore, are not affected by a redundancy coeffi-
cient that modifies only the seismic load
effect, E. In some cases, these limitations unin-
tentionally steered engineers away from what
would otherwise be a highly desirable seismic-
force-resisting system. Therefore, an exception
to these more restrictive limits is in the 2003
IBC, and the exception applies to “stiff” special
moment frames that have drifts well within
the limits of Section 1617.3. To qualify, the
story drift must be limited to ∆a/ρ, where ∆a is
the allowable story drift.

Period determination — Three adjust-
ments to the 2003 IBC affect the determina-
tion of a structure’s fundamental period under
the equivalent lateral force procedure. The first
liberalizes the upper bound on a structure’s
fundamental period as determined by analysis
or calculation. This is accomplished by
increases to the upper limit coefficient, Cu,
used to limit the value of a rationally deter-
mined period, which is calculated from Table
9.5.5.3.1 of ASCE 7.

The approximate fundamental period for-
mulations (ASCE 7 Equation 9.5.5.3.2-1 and
2000 IBC Equation 16-39) was rewritten in
more general terms. Examination of the para-
meters to be used in this equation (see Table
9.5.5.3.2 of ASCE 7) reveals that this modifica-
tion only impacts steel or concrete moment-
resisting frames. Also, a new approximate
period formula was added as an alternative for
masonry or concrete shear wall structures.
Examination of the response of these shear
wall structures indicates that this formula pro-
vides a better fit to the available data.

Overturning — By ruling out structures
with significant higher mode participation —
at least those classified as SDC D, E, or F with a
fundamental period greater than 3.5Ts — it is
possible to simplify the equation for comput-
ing overturning moments under the equivalent
lateral force procedure. 

Recall that Equation 16-45 of the 2000 IBC
included an overturning moment reduction
factor that accounted (approximately) for
higher mode effects. The corresponding ASCE
7 Equation 9.5.5.6 no longer includes this
reduction factor. However, structures with a
fundamental period of more than 3.5Ts and
classified as SDC B or C may still be analyzed
by the equivalent lateral force procedure.
Of course, without the reduction factor, over-
turning moments may increase for these struc-
tures under the equivalent lateral force
procedure. Perhaps this is encouragement to
use modal analysis on tall structures regardless
of SDC.

Alan Carr, S.E., P.E., is a senior staff engineer
for the International Code Council. He serves as
Secretariat to the International Code Council’s
Structural Committee. He can be contacted at
acarr@iccsafe.org.
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