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Other requirements in the building code
are the result of analytical and aboratory
research and the applicagi@n” of rational
analysis of hypothetical problems. In these
cases, althoughma failure actu-

- !
Pifio Suarez building, Mexico City Earthquﬂke,@@g ber 19, 1985. Photo\eourtesy of USG.

Photographic Archive. requitements to ‘@void future problems.

Severallexamples of these types of code re-
gn and at-  quireMents are conta Table 2. Regardless of the origin of a
ever won-  particular design requirement we are likely to do a better job of

tempting to comply with the gade, have y

In the course of wrestling with a building

dered where some obsc

rovision complying with the requlrem designing our structures

Why it was in the code? How y sibly un if we calPunderstand t code, the types of failures

provision? Who hasat? that occurred md th¢’ conditions that have resulted or could re-
For many d&sig rements i le to answe sult in suc t where can we find this information?

visions ob erwise have their It ist€aply imp srble to find the origin of many code require-
1 2 adition, with\ehdlesslayers of evolution ts, research papers and disaster investigation reports
their first appeatance. Many pr s in the building which they were based have long since faded into obscurity,
iential\i eSigne and, only a few old-timers remember anymore. Fortunately, this

in a certai building was_cgnst and  is not the case for seismic design requirements.
d a loading event, and the bui. ng For many years, the seismic design requirements in U.S. build-
of the failure, people detidedVicwasn’t a good idea  ing codes were based on the recommendations of the Structural
to design buildings like this re, s0 they developed a code  Engineers Association of California (SEAOC) publication, Rec-

requirement prohibiting this partictlar design feature. There are  ommended Lateral Force Requirements and Commentary com-
many examples of this, a few of which are described in 7zble 1. monly called the “blue book.” For more than 50 years, SEAOC

Table 1 - Representative Experience-based Seismic Design Requirements in the 2006 IBC.

Code Requirement Historic Incident Observed Failure
Complete load carrying space frame 1906 San Francisco Earthquake All masonry buildings in San Francisco
required in buildings exceeding 160 feet financial district, except those with
in height in Seismic Design Categories steel frames failed, either from the
D,E, &F earthquake or ensuing fire
Prohibition on use of unreinforced 1933 Long Beach Earthquake Collapse of many unreinforced
(plain) masonry bearing walls in Seismic masonry bearing wall buildings
Design Categories C, D, E, & F
Positive direct connection required 1971 San Fernando Earthquake Collapse of many tiltup buildings due
between walls of concrete or masonry and to separation of load bearing precast
diaphragms and continuous ties required walls from supported roof system
in flexible diaphragms

Requirement to size columns beneath | 1979 Imperial Valley Earthquake | Failure of columns in Imperial County
discontinuous walls or frames for Services Building
overstrength (Q,) of structure above

updates and discussions related to codes and standards

CODES AND STANDARDS

Steel columns in braced frames 1985 Mexico City Earthquake Collapse of the 22-story Pifio
required to have the strength to resist Suarez building because the braces
the component forces resulting from overwhelmed the columns
development of yielding of all tributary

braces

Requirement to use notch-tough weld 1994 Northridge Earthquake Brittle fracture damage of welded
filler metals in seismic force resisting connections in many steel moment
systems of steel frames frame buildings
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] Requirement to use dynamic analysis procedures

Table 2- Representative Rational Design Requirements in the 2006 IBC

Code Requirement

Concern

Research Type

to determine design seismic forces in tall and
irregular structures

Dynamic response of such
structures is not well predicted by
static lateral force equations

Analytical investigation of the dynamic response of
representative buildings to earthquake shaking

Design forces for anchorage of concrete and
masonry walls to flexible diaphragms that are 4 to
5 times larger than the seismic design forces for
the structure

Failure of wall to diaphragm ties

Nonlinear dynamic analysis of typical buildings
and evaluation of strong motion records froé
instrumented buildings

Requirements to provide extensive confinement
reinforcing in beams, columns and joints of
concrete special moment resisting frames

Crushing of concrete under
extreme cyclic loading

Requirement to use plate washers under heads of
anchor bolts on sill plates of wood walls

Splitting of sill plate under lateral
force mduced Rockmg of walls

a result, it was possible for engineers designing
explanation as to why the code required what

Imperztzl szl/ey California Earthquake, October 15,1979.
East end of Imperial County Services Building showing a row
of columns that failed during the main shock. Photo by C.
Rojahn, courtesy of USGS photographic archive

tions. However, the model estab-
Building Code more than 50 years
lace. Following the 1971 San Fernando earthquake,
ensive damage in t geles area, structural en-
gineers, building officials, a ecame concerned that the
{;:g-\ot sufficient to assure the safety of

i i ua response to this concern, the National

u

ction Program (NEHRP) was established to

ago is still 1

EHRP funding, the National Institute of Building Sciences estab-
liShed a non-profit council, the Building Seismic Safety Council (BSSC)
and charged this group with developing and maintaining nationally-
applicable consensus guidelines, and
a companion commentary for the
design of structures for seismic re-
sistance. BSSC developed a process
and model similar to that which had
traditionally been used by SEAOC in
their publication of the blue book to
accomplish this purpose. BSSC vol-
unteers were empanelled into a com-
mittee, termed the Provisions Update
Committee, patterned after SEAOC’s
seismology committee.

In parallel with the BSSC effort,
the NEHRP also provides substantial
funding to the United States Geo-
logic Survey (USGS) to study the risk
of experiencing destructive ground
shaking in various parts of the Unit-
ed States. On a periodic basis, the
USGS has published a series of design
ground motion maps that portray the
best current scientific consensus as to
the levels of ground shaking that may
be experienced around the United
States, and which levels should be
used as the basis for design of build-
ings and bridges. The first edition of
these maps was published in the mid-
1970s. These maps represented a ma-
jor change in portraying seismic haz-

One of four damaged reinforced
concrete columns along the east
end of the Imperial County
Services Building. Imperial Valley,
California Earthquake, October
15, 1979. Photo courtesy of USGS
photographic archive.
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the San Francisco

ds in that, rather

capture a repeat of some of the more severe recorded earthquakes,
including the 1811-1812 New Madrid events and the 1898 Charles-
ton earthquake. In 1996, the 500-year shaking maps were replaced
with a series of design maps based on 2,500-year shaking. These
maps were next updated in 2002 to incorporate updated seismologic
information but remained at the 2,500-year hazard level.

In 1985, BSSC published the first edition of the NEHRP Recom-
mended Provisions for Seismic Regulation of Buildings, based on the
extensive ATC3.06 report prepared by the Applied Technology
Council under National Science Foundation funding. BSSC devel-
oped NEHRP Provisions using a committee of volunteer engineers,
industry representative and building officials, funding only the costs
associated with travel, meetings, and publication. BSSC has updated
and republished the NEHRP Provisions on a 3-year cycle since the
first publication in 1985. The 1991 edition, which still referenced
the 500-year design shaking maps was adopted by the 1992 editions
of both the BOCA and SBCCI codes as the basis for their seismic re-
quirements, initiating a controversy as to the proper return period for
design earthquake shaking that remains unsolved today. In 1997, the
document underwent extensive revision including use of the updated
(1996) seismic hazard maps, introduction of new formulations of the
design force equations, expansion to include extensive requirements
for nonbuilding structures and was retitled: NEHPR Recommended
Provisions for Seismic Regulation of Buildings and Other Structures. The
1997 edition was adopted as the basis for seismic design requirements

in the 2000 IBC and ASCE 7-98. The 2000 edition of the NEHRP

Provisions provides the basis for seismic design requirements in 2003

= IBC and ASCE 7-02, except that both of these documents refer to
= the updated 2002 USGS design maps. The 2003 edition forms the

basis for the 2006 IBC and ASCE 7-05 requirements.

All editions of the NEHRP Provisions to date have been published
in two volumes: Volume 1 — Provisions, and Volume 2 — Commen-
tary. Volume 1 is a complete statement of the code requif@nents,
although there are often significant editorial and minor technical de-
viations between the version published in the BSSC@ecument and
the actual requirements adopted in ASCE-7 and IBC.
vides explanation of the basis for each i

sensu ards suc 7, ACI-31
tl sources for s sign and co
Older fons transcr of the requirements contained in

he code, often with amendment
does this to a much lesser extent

these standards, almost without transcription, as the
basis for strugtural code requireme the purposes of seismic
design, the IBC refers primarilysto 05 Although ASCE 7-05
isgprimarily a loading stariflard, 1t the case of seismic design, ASCE-

efefencethe applicable criteria contained in the

ished by ACI, AISC, AFPA and TMS. The

SC Provisions Update Committee. By mutual consent and
greement, all major updates and changes to seismic design require-
ments contained in ASCE-7 are initiated in the BSSC Provisions Up-
date process. Therefore, although minor editorial and technical dif-
ferences may exist between the NEHRP requirements and those that
actually appear in the building code, the NEHRP commentary still
provides a highly relevant and useful resource for designers interested
in understanding the basis of the code requirements.

After many years of rapid evolution and change in the seismic
design requirements contained in the Provisions and the building
codes, it appears that we have entered a period of relative quiescence
in which major changes are not being introduced as rapidly. There
are several reasons for this, including: concern that the rapid and

San Francisco, California, Earthquake April 18, 1906. View showing

damage of Shreve Building which was constructed using a steel frame.
Photo courtesy of USGS photographic archive.
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include a reformatting so that it directly references requirements us-
ing the section designations contained in the standards. Further, the
commentary is being enhanced to provide more descriptive material
on intended application of the requirements.

Several important technical enhancements are presently being con-
sidered for inclusion in upcoming editions of the Provisions. These
include an updated series of seismic hazard maps, currentl®under
development by the United States Geologic Survey, and deyelopment

ground shaking hazard maps adoptet
on a reduced hazard relati

Building Code

San Fernando, California, Earthquake February 1971. Tiwo ﬁzl[en%ctum[ly— ohs. It is an invaluable
separated stair towers and the collapsed basement at Olive View Hospital. Vi

is north. Photo courtesy of USGS photographic archive.

continual changes to the code requirements have i
ability to understand and properly implem

lief that the current NEHRP Provisions pr
construction; and, the fact tha

improving
will be more useful for
ated into the co nt

P |

Ron Hamburgeris a sifuctu l%zmd senior principal
with Sim mpertz & Heger Inc. in San Francisco,

Califormia. incSOOO, he has served as chair of the BSSC’s
rovisions Update Committee.

RE WAITING

ICC has ‘he newest
IBC refe*ences NOW!

Order Now! 1-800-786-4452
www.iccsafe.org
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2006 18¢® sTructura/seismic NEW!
DESIGN MANUAL,

Volume 1: Code Application Examples

Volume 1 of the long-awaited update to the Structural/Seismic
Design Manuals from 1CC and SEAQC is now available. Volume 1
features 60 examples covering a broad base of problems
addressing both structural and seismic issues in numerous
examples. An invaluable resource for structural and civil
engineers, architects, code officials, and students. (222 pages)

#90115061  List $67 1CC Member $53.50

Coming Soon! Volume 2: Building Design Examples
for Light-Frame, Tilt-up, and Masonry

2006 ANALYSIS OF Revisions o N EW!
THE IBC STRUCTURAL PROVISIONS

Provides an analysis of changes fo the 2006 IBC® structural
provisions in Chapters 16 through 23. This publication provides
explanations and guidance on how to use ASCE 7-05 in
conjunction with the 2006 IBC® as well as thorough
discussion of updates to referenced material standards ICC
such as ACI 318-05, MSJC 2005, AISC 360-05,
AISC 341-05, and AF&PA NDS-05. (254 pages)
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