A Necessary Change in the
Seismic Design Provisions
of the 2000 IBC

The author points out the need and provides
justification for a significant change in the seismic
design provisions of the first (2000) edition of the
International Building Code (IBC). The code change
would remove an unnecessary penalty that is now
imposed on many low rise buildings — particularly

those located on soft soil sites.

code organizations — BOCA, the

Building Officials and Code Admin-
istrators International, the publishers
of the BOCA National Building Code
(BOCA/NBCQC);! ICBO, the Interna-
tional Conference of Building Offi-
cials, the publishers of the Uniform
Building Code (UBC);? and SBCCI,
the Southern Building Code Congress
International, the publishers of the
Standard Building Code (SBC)® -
formed the International Code Council
(ICC) with the express purpose of de-
veloping a single set of construction
codes for the entire United States.

Included in this family of interna-
tional codes is the International Build-
ing Code (IBC), which represents a

I n 1994, the three model building

76

major step in a cooperative effort to
bring national unity to building codes.
The first edition of the IBC was pub-
lished in April 2000.

The earthquake regulations of the
2000 IBC,* based on the 1997 NEHRP
(National Earthquake Hazards Reduc-
tion Program) Provisions,’ are sub-
stantially different from the corre-
sponding provisions of the prior
model codes. The seismic design pro-
visions of the three most recent edi-
tions of the BOCA/NBC (1993, 1996,
1999) and the SBC (1994, 1997, 1999)
are based on the 1991 edition of the
NEHRP Provisions.

The last two editions of the
BOCA/NBC (1996, 1999) and the
SBC (1997, 1999) also permit seismic
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design according to Minimum Design
Loads for Buildings and Other Struc-
tures, ASCE 7-95,% which has adopted
seismic design provisions based on the
1994 NEHRP Provisions. The seismic
design requirements of ASCE 7-98,¢
like those of the 2000 IBC, are based
on the 1997 NEHRP Provisions.

EVOLUTION OF SEISMIC
DESIGN CRITERIA

Discussed below is background in-
formation on the evolution of current
seismic design criteria.

Seismic Zones

Seismic zones are regions in which
earthquake ground motion in rock,
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corresponding to a certain probability
of occurrence, is within certain
ranges. In recent editions of the UBC,
the United States has been divided
into Seismic Zones 0 through 4, with
0 indicating the weakest earthquake
ground motion and 4 indicating the
strongest.

In the UBC, the seismic zone in
which a structure is located determines
permissible structural systems, includ-
ing the level of detailing required for
structural members and joints that are
part of the lateral-force-resisting sys-
tem and for the structural components
that are not. The Seismic Zone also
determines applicable limitations on
the height of a structure, the permissi-
ble structural irregularities, the type of
lateral analysis that must be performed
as the basis of design for seismic
forces, and the non-structural compo-
nent requirements for seismic forces.

Seismic Performance Categories

Given that public safety is a primary
code objective, and that not all build-
ings in a seismic zone are equally cru-
cial to public safety, a new system of
classification called the Seismic Per-
formance Category (SPC) was devel-
oped. The SPC classification depends
not only on the seismicity at the site,
based on rock, but also on the occu-
pancy or use of the structure.

The 1994 and prior editions of the
NEHRP Provisions (starting with the
predecessor document, ATC 37), use
the SPC rather than the Seismic Zone
as the determinant of seismic design
and detailing requirements. This
means that the three latest editions of
the BOCA/National Building Code
(BOCA/NBC) and the Standard Build-
ing Code (SBC) also use the SPC,
since these model codes are based
upon the 1991 NEHRP Provisions.

Through this device, a hospital in
an area of moderate seismic risk
must be detailed like, and be subject
to the same restrictions as, an office
building in an area of high seismic
risk. The detailing requirements
under SPC A and B are roughly
equivalent to those for Seismic Zone
2 and the detailing requirements for
SPC D and E are roughly equivalent
to those for Seismic Zones 3 and 4.
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Table 1. Correlation of seismic risk levels of ACI 318, and seismic zones
or seismic performance or design categories of other model codes and

resource documents.

Low
Code, standard or resource ACl1318-99
document and edition Sec. 21.2.1.2
BOCA National Building Code SPC* A, B
1993, 1996, 1999
Standard Building Code SPC A, B

1994, 1997, 1999

Uniform Building Code

Level of seismic risk or assigned seismic performance
or design categories as defined in code section

Seismic Zone

1991, 1994, 1997 0,1

International Building Code . SDC' A, B

2000

ASCE 7-93, 7-95 SPC* 15;, B |
L-NEHRP 1991, 1994 .SPC* A, B

NE.l;ll"{_li;_l_9.97,- ASCE 7-98 SDC! A-, B

Moderate/Intermediate High
ACI 318-99 ACI 318-99
Sec.21.2.1.3 Sec.21.2.1.4

il T !
SPCC SPCD, E
SPCC SPCD,E

Seismic Zone | Seismic Zone

2 3,4
SDCC . SDCD, E, F
i
SPCC SPCD,E
_S-PC c IBSECDAE
| SDCC il : _sb_c_ D, EF

* SPC = Seismic Performance Category as defined in code, standard or resource document
1 SDC = Seismic Design Category as defined in code, standard or resource document

Seismic Design Categories

The most recent development of
structural classification has been the
establishment of Seismic Design Cate-
gories to determine seismic detailing
requirements. Recognizing that build-
ing performance during a seismic
event depends not only on the severity
of subsurface rock motion, but also on
the type of soil upon which a structure
is founded, the Seismic Design Cate-
gory (SDC) is a function of seismicity
at the site, based on rock, building oc-
cupancy, and soil type. The 1997
NEHRP Provisions, the 2000 IBC, and
ASCE 7-98 have replaced the SPC
with the SDC. For an assessment of
the impact of this major change, see
References 8 and 9.

Interface with ACI 318

The provisions of ACI 318 Chapter
21 relate detailing requirements to
type of structural framing, earthquake
risk level at the site, and the level of
energy dissipation intended in struc-
tural design. Earthquake risk levels
have traditionally been classified as
low, moderate and high. A correlation
between the seismic risk levels of ACI
318 and the Seismic Zones of the

UBC or the Seismic Performance or
Design Categories of the other model
codes and resource documents is given
in Table 1.

Table 2 gives the actual ACI 318-99
detailing requirements for different
levels of seismic risk or assigned Seis-
mic Performance or Design Cate-
gories. For structures assigned to SPC
or SDC A or B, there are no special
seismic detailing requirements. For
structures assigned to SPC or SDC C,
an intermediate level of seismic detail-
ing per Section 21.10 is required, but
only for frame members. For structures
assigned to SPCD or E, or SDC D, E
or F, a whole host of special seismic
detailing requirements is triggered.

DETERMINATION OF
SEISMIC DESIGN CATEGORY

Discussed below is a proposal for
modifying the manner in which the
Seismic Design Category is deter-
mined based on the fundamental pe-
riod of a structure.

Current Requirement

According to current IBC require-
ments, the Seismic Design Category
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Table 2. Proportioning and detailing requirements — ACI 318-99.

I Level of seismic risk or assigned seismic performance
or design categories as defined in code section 1
Low Intermediate* High*
Structural component Sec.21.2.1.2 Sec.21.2.1.3 Sec.21.2.1.4
Frame members Chap% 1-18 21.10 21.2-21.5
Structural walls and Chaps. 1 - 18, 22 None 21.2,21.6
couplmg beams
Structural dlaphragms and trusses Chaps 1-18 | None 21.2,21.7
Foundations Chaps. I - 18, 22 None 21.2,21.8
- . | e
Frame members not proportioned None None 21 2,219
to resist forces induced by
earthquake motions |

* Requirements of Chapters 1 — 18 for structures at intermediate seismic risk Sec. 21.2.1.3 and Chapters 1 — 17 for
structures at high seismic risk, Sec. 21.2.1.4 must also be satisfied.
+ Must also comply with Sec. 21.2.2.3.
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Fig. 1. Design response spectrum of the 2000 International Building Code.

Table 3. Seismic Design Category of 2000 IBC vs. Seismic Performance

Category of 1999 BOCA / NBC.

1997
| BOCA/NBC | 2000 IBC
| Siteclass
A [B ] C D | E
_ Place i State _SpPC __ Seismic Design Category*
[ Washington | DC A A | A [B@A B mch3)
_ Chicago Sl Illinois | A A | A B (A) B | C®B)]
| Baltimore | Maryland A A | A B@A | B C@®
Boston Massachusetts C | B B B C | DO
New York |  New York | C B | B[ C | C D
| Cincinnati | Ohio B | A | A [B(A) C®B) D®)
e l_’_lllla;delp_hg Pennsylvania B B [B| B | C C
Richmond Virginia B A B | B | B C

* Seismic Design Categories within parentheses are based on Spg only.
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for a structure needs to be determined
twice — first as a function of Spg, the
design spectral response acceleration at
short periods, and a second time as a
function of Sp;, the design spectral re-
sponse acceleration at 1 second period.
The more severe category governs.

As shown in Fig. 1, Spg and Sp; de-
fine the design response spectrum of
the 2000 IBC. Spg defines the “flat
top” or acceleration-governed part of
the spectrum, while Sp; defines the pe-
riod-dependent descending branch or
the velocity-governed part.

The design spectral acceleration, S,
on the vertical axis of Fig. 1 is directly
related to the design base shear, V. V
is simply equal to S, times mass or
(S./g) times weight, except that for de-
sign purposes it is reduced by (R/Ip),
where R is the response modification
factor (dependent upon the structural
system used to resist seismic forces),
and I is the seismic load importance
factor (dependent upon the use or oc-
cupancy of the structure).

Adverse Impact of
Current Requirement

The current IBC requirement means
that many structures designed for
forces corresponding to the flat por-
tion of the design spectrum (7 equal to
or less than T, in Fig. 1) have their
Seismic Design Category determined
from the value of Sp; rather than Sp;.
To illustrate how this affects the SDC
assigned to a structure, Tables 3, 4 and
5 have been prepared.

Table 3 features a number of spe-
cific prominent locations in
BOCA/NBC territory. The Seismic
Performance Categories of standard-
occupancy (Seismic Hazard Exposure
Group I) structures at those locations
are first listed. The Seismic Design
Categories based solely on the short-
period design spectral response accel-
eration (Sps) are shown within paren-
theses in Table 3.

Table 4 features a number of chosen
specific locations in UBC territory and
is similar to Table 3, except that the
Seismic Zone, rather than the Seismic
Performance Category assigned to a
standard-occupancy structure, is given
for each location.

Table 5 is similar to Table 3, but is
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for SBC, rather than BOCA/NBC, ter-
ritory.

It should be clear that many short-
period buildings are unnecessarily pe-
nalized under the IBC because the
Seismic Design Category based on the
long-period spectral response acceler-
ation (Sp;) makes it necessary to pro-
vide a higher level of detailing for
these structures than would have been
required if the SDC were allowed to
be determined by Sps alone. While
such a penalty appears to be less com-
mon in UBC territory, it is obviously a
significant problem in parts of the
United States where the BOCA/NBC
and the SBC are typically adopted.

Proposed Change

During the development of the In-
ternational Residential Code (IRC),!°
it was decided that only the value of
Sps would be considered in assigning
an SDC to a structure. This decision
was based on the fact that the scope of
the IRC is limited to residential build-
ings no more than three stories in
height. These structures invariably
have a fundamental period, 7, less
than T (see Fig. 1).

In a code change submitted by the
Portland Cement Association (PCA)
for inclusion in the 2002 Supplement
to the IBC, the following exception
was proposed to the Seismic Design
Category determination of Section
1616.3 of the 2000 IBC:

Exception: Where the approximate
fundamental period of the structure,
T,, in each of two orthogonal direc-
tions determined in accordance with
Section 1617.4.2, is less than T deter-
mined in accordance with Section
1615.1.4, and Equation 16-35 is used
to determine the seismic response co-
efficient, Cs, the Seismic Design Cate-
gory is permitted to be determined
based solely on the Seismic Use
Group and short period spectral re-
sponse acceleration, Spg, in accor-
dance with Table 1616.3 (1).

Where the approximate fundamental
period, T,, of a structure is less than
Ts, Equation 16-35, corresponding to
the flat-top part of the design response
spectrum, must be used to determine
the seismic response coefficient, Cg
(equal to the design base shear, V, di-
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Table 4. Seismic Design Category of 2000 IBC versus Seismic Zone
of 1997 UBC.

| 1997
, UBC ~ 2000IBC |
| Siteclass
Seismic A B [ C [ D | E
: Place State | Zome |  Seismic Design Category'
Berkeley (N,= 1.5,N,=20) | Califomia | 4 | E [E [ E | E | *
TSI OIS DL ]| St | 4 I"E B ["E [
Sacramento ____| California 4 B | C D D 1_D
| SanFracisco | Calfoia 4 | D D | D | D | *
Denver Colorado | 1 | A A A | B  C
St. Paul | Minnesota | O [ A [A A A | B |
| Potland | Oregon | 3 | D | D | D | D f D
i Houston Texas il A | A A 1B(A): B

* Site-specific geotechnical investigation and dynamic site response analysis must be performed
(Ss21.250r 5;20.5).
t Seismic Design Categories within parentheses are based on Spg only.

vided by the seismic weight of the
structure, W):

larger than T, a strength penalty is
imposed on a structure for its SDC to
be determined by Spg alone. This is
felt to be a reasonable and a sensible
approach.

To illustrate application of the PCA
proposal, consider a Seismic Use
Group I building to be erected in
Charlotte, North Carolina. Table 6
shows that a structure sited on soil
classified as Site Class C or D will be
assigned to SDC C or D, respectively.
The same information is also con-
tained in Table 5. The SDC in both
cases is determined by Sp;.

Under the PCA proposal, for short-
period buildings with T, less than Ty,
the SDC will be allowed to be deter-
mined based on Spg, and in the cases
of the two Site Classes shown in Table
6, will be reduced to B or C, respec-
tively. The last three columns in Table
6 show the heights (in feet) of build-

Cs=Sps/(Rlls) (IBC Eq. 16-35)

The only justification for not allow-
ing the Seismic Design Category to be
determined by Spg in that case is that
the “real” period of the structure may
exceed T, and that the structure may
after all have its seismic response de-
termined by the long-period ground
motion parameter, Sp;.

The PCA proposal would allow
SDC to be determined by Spg alone as
long as T, rather than 7, is less than or
equal to Tg; however, the seismic de-
sign coefficient, Cs, must be deter-
mined using Equation 16-35, meaning
that design forces corresponding to the
flat top of the design spectrum must be
used in the design. In other words, in
cases where T, < T, but T might be

Table 5. Seismic Design Category of 2000 IBC versus Seismic Performance
Category of 1999 SBC.

- SBC | 2000IBC
[ Site class 5
_ A [B]C D] E |
| Place State SPC | Seismic Design Category'
Birmingham Alabama | B | B | B | B [c®| D]
| Little Rock Arkansas B B [ B | c DOl D
___Orlando Florida A | A | A A B B
Atlanta Georgia B | A B B [C®B) DO
New Orleans __ Louisiana A A A A |B@A)| B
Charlotte North Carolina C B | B [C®B) |D©]| D
Charleston | South Carolina C | D Ip| Db | D] *
Nashville | Tennessee B | B | B C@®B) D] D©

* Site-specific geotechnical investigation and dynamic site response analysis must be performed
(Ss=1.250rS,;20.5).
T Seismic Design Categories within parentheses are based on Spg only.
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Table 6. Seismic Design Categories for standard-occupancy buildings in

Charlotte, North Carolina.

code change is approved, standard-oc-
cupancy structures with T, less than T

Site
class | S | 8 | F, | F,

| Sps/SDC | Sp,/SDC | Ts

Height &, based on
T, = T for various Cr |

on Site Class C, which are now as-
signed SDC D, would also be assigned

_ I 1 . . 10.035* 10.03" | 0.02¢ SDC C, thus also requiring the equiva-
C 035 0145 | 120 | 166  028B  016/C | 057 | 41 | 51 | 8 |  Jentof UBC Zone 2 detailing only.
D 035 | 0.145 1.52 2.22 0.35/C 0.21/D 0.60 44 54 | 93

The above outcome is found to be

Ss = mapped spectral response accelerations at short periods

§; = mapped spectral response acceleration at 1 second period
F, = short-period site coefficient, function of Sg and Site Class
F, = long-period site coefficient, function of S, and Site Class

totally unacceptable by some struc-
tural engineers within SEAOCC. Their
objection obviously lies with the IBC

Sps=(2/3) F,Ss

Spr=(23) F\S$;

Ts = Sp;/Sps

T,= CThnm

h,, = height above base to highest level in building, ft

* Buildings utilizing steel moment frames for lateral resistance.
+ Buildings utilizing concrete moment frames for lateral resistance.

1 All other buildings.

ings with various types of seismic-
force-resisting systems corresponding
to approximate fundamental period,
T,, equal to Ts. Buildings in Charlotte,
North Carolina, with heights less than
these values will be able to utilize the
exception.

Approval

The PCA-proposed code change
has not been approved for inclusion
in the 2002 Supplement to the IBC.
Significant opposition came from the
Structural Engineers Association of
Central California (SEAOCC). How-
ever, their opposition had little to do
with the merits of the proposed
change. The reason for the SEAOCC
opposition can best be understood by
reference to Table 4.

It can be seen from Table 4 that

standard-occupancy structures in or
around Sacramento, that are founded
on Site Class B (Site Class A does not
exist in or around Sacramento), would
be assigned Seismic Design Category
C, thus requiring detailing equivalent
to that in UBC Zone 2. This is because
the seismicity of the Central Valley of
California is lower in the IBC than in
the 1997 and recent prior editions of
the UBC. The lowering is based on
more contemporary source zone/atten-
uation data compiled by the U. S. Ge-
ological Survey.

Despite the USGS seismic maps,
which formed the basis of the IBC de-
sign value maps, some structural engi-
neers within SEAOCC believe that the
equivalent of Zones 3 and 4 detailing
should continue to be mandated for all
of California. If the PCA-proposed
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maps for short-period and long-period
ground motion. They should prefer-
ably not try to partly solve that prob-
lem by opposing a logical code change
that would remove an unnecessary
penalty affecting a significant volume
of construction in many parts of the
United States.

CONCLUSION

Following the precedent set by the
International Residential Code, the
International Building Code should
allow the Seismic Design Category of
short-period buildings to be deter-
mined solely on the basis of the
short-period ground motion parame-
ters, Spg, subject to certain safe-
guards.

According to current requirements,
the SDC of many short-period build-
ings is determined by the long-period
ground motion parameter, Sp;, impos-
ing an unnecessary penalty on these
buildings of more stringent detailing
requirements which cost time, effort
and money.

80

Building Officials and Code Administrators International, The
BOCA National Building Code, Country Club Hills, IL, 1993,
1996, 1999.

International Conference of Building Officials, Uniform Build-
ing Code, Whittier, CA, 1991, 1994, 1997.

Southern Building Code Congress International, Standard
Building Code, Birmingham, AL, 1994, 1997, 1999.
International Code Council, International Building Code, Falls
Church, VA, 2000.

Building Seismic Safety Council, NEHRP (National Earth-
quake Hazards Reduction Program), Recommended Provisions
for the Development of Seismic Regulations for New Buildings
(and other Structures), Washington, DC, 1991, 1994, 1997.
American Society of Civil Engineers, “ASCE Standard Mini-
mum Design Loads for Buildings and Other Structures,”
ASCE 7-93, ASCE 7-95, New York, NY, 1993, 1995, and

10.

ASCE 7-98, Reston, VA, 2000.

Applied Technology Council, “Tentative Provisions for the
Development of Seismic Regulations for Buildings,” ATC
Publication ATC 3-06, NBS Special Publication 510, NSF
Publication 78-8, U.S. Government Printing Office, Washing-
ton, DC, 1978.

Ghosh, S. K., “Impact of the Seismic Design Provisions of the
International Building Code,” Report on a study commissioned
by the Alliance for Concrete Codes and Standards, Structures
and Codes Institute, Northbrook, IL, June 2001.

Ghosh, S. K., “New Model Codes and Seismic Design,” Con-
crete International, V. 23, No. 7, July 2001, American Con-
crete Institute, Farmington Hills, MI.

International Code Council, International Residential Code,
Falls Church, VA, 2000.

PCI JOURNAL



