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Recent Trends in Establishing Seismic Design Rules and
 Standards to Meet Facility Performance Goals

Thomas A. Nelson1, Member, ASCE

   Abstract

Application of Performance Goal-Based Design Methodology in the development of recent
building codes is discussed to indicate recent trends in its application to conventional structures.

  Introduction

As described in other papers in this session, a graded approach employing performance goal-based
standards has been developed to meet the needs of the Department of Energy (DOE).  DOE has a
wide variety of facilities with structures, systems, and components (SSCs) designed to perform
specific functions with a certain reliability when subjected to natural phenomena hazards (NPHs).
One of the major drivers for establishing these standards is the concern for safety of the facilities,
both worker safety and health and safety of the public.  In addition, the graded approach has been
used to reduce other liabilities induced by NPHs.  One such liability is schedule disruption that
could adversly impact a project of major importance to the national defense or other important
mission to the country.  Another liability is financial loss where unique, expensive items could be
damaged beyond repair, e.g. large quantities of laser amplifier glass.  Such liabilities are also faced
by other public agencies as well as private companies.

   Recent Trends in Building Codes

It has been recognized by building code agencies that certain facilities perform important
functions after a disaster and that they should be designed to be functional after a design level
earthquake.  Such facilities include hospitals and fire stations.  An importance factor has been
provided by the codes to help assure that these facilities will be built to higher standards than
conventional facilities.  In California, Title 24 was devised to help assure that schools and
hospitals were given increased attention for seismic design.

Some owners of conventional facilities seemed to be under the impression that if their facilities
met the code provisions, the facilities would be capable of resisting the NPH and be functional
after the event.  Of course, frequently it has been proved not to be the case.  As the design
professional knew, codes were formulated such that substantial life safety for the occupants would
be provided, but the structure would likely be severely damaged and perhaps irrepairable after the
occurance of a design basis NPH.  As unexpected and undesirable experience among facility
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owners and insurers grew, increased attention has been paid to the existing codes to ensure
specific performance or risk reduction for facilites for which it is cost effective.  Some facility
owners have recognized that down time after an event can be very costly, due to both loss of
production and secondarily, loss of market share in highly competitive markets.  Therefore, it
became cost-effective to specify higher performance levels for their SSCs.  Some owners have
used the DOE criteria to meet their goals.

Recently, the need for a definable, graded approach has been recognized by the code-making
bodies.  The Structural Engineers Association of California (SEAOC) has  embarked on Vision
2000 in which several performance levels are provided: Immediate Occupancy, Damage Control,
Substantial Life Safety, and Collapse Prevention.  This same strategy has been followed in
FEMAÕs efforts to develop the NEHRP Guidelines for the Seismic Rehabilitation of Buildings -
FEMA 273 (BSSC, 1996a).  The levels and ranges of structural performance are similar to the
Vision 2000, namely, Immediate Occupancy Level, Damage Control Range, Life Safety Level,
Limited Safety Range, and Collapse Prevention Level.  The limited safety range was included
because existing facilities are frequently very expensive to upgrade to modern standards.  It was
felt that even if it wasnÕt economically feasible in the near term to fully rehabilitate a facility, risk
reduction was a desirable goal. In addition, FEMA 273 includes provisions for nonstructural

Figure 1. Surface Showing Various Rehabilitation Objectives and Relative Costs
(Extracted from BSSC, 1996b - a pre-ballot draft document subject to change)
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performance levels as well, including Operational, Immediate Occupancy, and Life Safety as well
as a Hazards Reduced Performance Range.  Figure 1, extracted from the Pre-Ballot Draft of
FEMA 274 (BSSC, 1996b) illustrates cost vs. reliability and performance.  In this figure, the
combinations currently proposed to meet the Basic Safety Objective are shown.  Two criteria are
specified: (1) the Life Safety Building Performance Level, which is the combination of the
Structural and Nonstructural Life Safety Performance Levels, for the Basic Safety Earthquake 1
(BSE-1), and (2) the Collapse Prevention Performance Level, which pertains only to structural
performance, for the stronger shaking that occurs less frequetly as defined in the Basic Safety
Earthquake 2 (BSE-2).  Using various combinations of Performance Levels and ground motion
recurrance levels, the facility owner can specify many other rehabilitation objectives.  Figure 2,
exerpted from FEMA 273, illustrates possible alternative rehabilitation objectives.

In a companion paper to this session (Conrads, 1997), the qualitative performance goals for
various DOE performance categories are listed.  These performance levels are related to the
capacity determinations used in design, such as factors of safety, load factors, allowable ductility,
etc.  In Table 1, a sample of the performance goals being considered for the FEMA 273 code are
listed.  Such goals can help facility owners judge the performance they need for their facilities to
adequately support the economic viability of their business.  In order to evaluate risk to an owner
or insurer, not only the qualitative performance needs to be known, but also the frequency with
which this level of event may be exceeded.  As of June, 1996, hazard maps produced by the USGS
Seismic Mapping Project are available on the Internet at the address: hppt://gldage.cr.usgs.gov/.
They have been developed at 10%, 5%, and 2% probability of exceedance in 50 years.  These
equate to return periods of 474 (nominally 500), 975 (1000), and 2475 (2500) years respectively.



4 Nelson

Table 1    Sample Qualitative Performance Goals1

Structural Performance Levels

Elements
Damage
Type

Collapse Prevention
S-5

Life Safety
S-3

Immediate Occupancy
S-1

Concrete
Frames

Primary Extensive cracking and
hinge formation in ductile
elements.  Limited
cracking and/or splice
failure in some non-
ductile columns.  Severe
damage in short columns.

Extensive damage to
beams.  Spalling of cover
and shear cracking
(<1/8Ó width) for ductile
columns. Minor  spalling
in non-ductile columns.
Joint cracks <1/8Ó wide.

Minor hairline
cracking. Limited
yielding possible at a
few locations.  No
crushing (strains below
0.003).

Secondary Extensive Spalling in
columns (limited
shortening) and beams.
Severe joint damage.
Some reinforcing buckled.

Extensive cracking and
hinge formation in
ductile elements.
Limited cracking and/or
splice failure in some
non-ductile columns.
Severe damage in short
columns.

Minor spalling in a
few places in ductile
columns and beams.
Flexural cracking in
beams and columns.
Shear cracking in
joints <1/16Ó width.

Drift2 4% transient or permanent 2% transient;
1% permanent

1% transient;
negligible permanent

Steel
Moment
Frames

Primary Extensive distortion of
beams and column panels.
Many fractures at
connections.

Hinges form.  Local
buckling of some beam
elements.  Severe joint
distortion; isolated
connection failures.  A
few elements may
experience fractures.

Minor local yielding at
a few places.  No
observable fractures.
Minor buckling or
observable permanent
distortion of members.

Secondary Same as primary Extensive distortion of
beams and column
panels.  Many fractures
at connections.

Minor local yielding at
a few places. No
fractures.  Minor
buckling or observable
permanent distortion
of members.

Drift2 5% transient
or permanent

2.5% transient;
1% permanent

0.7% transient;
negligible permanent

Braced
Steel
Frames

Primary Extensive yielding and
buckling of braces.  Many
braces and their
connections may fail.

Many braces yield or
buckle but do not totally
fail.  Many connections
may fail.

Minor yielding or
buckling of braces.

Secondary Same as primary Same as primary Same as primary
Drift 2 2% transient or permanent 1.5% transient;

0.5% permanent
0.5% transient;
negligible permanent

1. The damage states indicated in this table are provided to allow an understanding of the severity of damage
that may be sustained by various structural elements when present in structures meeting the definitions of the
structural performance levels.  These damage states are not intended for use in post-earthquake evaluation of
damage nor for judging the safety of or required level of repair to a structure following an earthquake.

2. The drift values indicated in these tables are not intended to be used as acceptance criteria for evaluating the
acceptability of a rehabilitation design in accordance with the analysis procedures provided in these
Guidelines; rather, they are indicative of the range of drift that typical structures containing the indicated
structural elements may undergo when responding within the various performance levels.  Drift control of a
rehabilitated structure may often be governed by the requirements to protect nonstructual components.

(Extracted from BSSC, 1996b - a pre-ballot draft document subject to change)
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In addition to peak ground acceleration, values at periods of 0.2 sec, 0.3 sec, and 1.0 sec are given
for a Òsoft rockÓ site such that uniform hazard response spectra can be constructed.  These maps
have been developed for the National Earthquake Hazard Reduction Program (NEHRP) and will
eventually form the basis for design values for the Building Seismic Safety Council (BSSC)
NEHRP Recommended Provisions for Seismic Regulations for New Buildings for 1997.  With a
known return period and known capacities (fragilities) of SSCs, the risk that the owner is incurring
can be calculated.  A resource document to assist in these determinations is available (Kennedy, et
al., 1994).
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