Code Development for Nonstructural

GComponents

| by Tsu T. Soong

Ahstract

The importance of nonstructural
component issues in seismic design
and performance evaluation is now
well recognized. Today, major build-
ing codes and seismic design guide-
lines exist which address seismic de-
sign forces for various nonstructural
componernts In these provisions.the
design force 1s formulated as an
equivalent static lateral force applied
to the approximate center of gravity
of the component being considered.
While simple formulas are necessary
for the sake of design applications,
they contain a certain amount of ar-
bitrariness and subjectivity which
produce ambiguous results and in-
consistent design forces among dif-
ferent codes and provisions. Further-
more, they do not reflect the level of
understanding of the behavior of
nonstructural components that has
been achieved through theoretical
analyses, experiments, and observa-
tion data from past earthquakes.

A major thrust of NCEER s work

in this area has been to critically assess current
design force formulas for nonstructural compo-
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nents as they exist in the 1991
NEHRP provisions, to identify their
shortcomings, and to recommend re-
visions which would bring them
more in line with current state-of-the-
knowledge in this area. These revi-
sions were recommended within the
framework of the equivalent lateral
force format for practical applicabil-
ity

Another major activity in this area
has been concerned with the devel-
opment of system-based design pro-
visions for nonstructural compo-
nents. Research activities in risk
analysis of nonstructural compo-
nents have led to a new classification
scheme for components which are
susceptible to earthquake-induced
vibratory effecis and critical enough
to require special consideration.
Since component damage may be
less critical than overall system func-
tionality, classification based on the
seismic fragility of systems of
nonstructural components have also

been given priority for the development of de-
sign and performance analysis procedures.
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Objectives and Appreach

The ohjective of this research is to im-
prove existing code provisions and develop
more rational model codes for nonstructural
components and systems through analyses,
experiments, and experience data.

The approach to this research was to
assess current design formulas for
nenstructural components as they exist in
current code provisions and recommend
revisions, obtained through analytical and
experimental research and the use of ex-
perience tata obtained from past earth-
fluakes. The project also worked toward
developing system-based model codes
based on the seismic fragility of critical
systems of nonstructural components.

This research task is part of NCEER's
Nonstructural Components Project. Task
numbers are 90-2002, 91-3212, 92-3201,
93-3202, and 93-4201.

Accomplishments

Gode Update Effort

A major effort on the part of NCEER's investi-
gators in the Nonstructural Components project
was devoted to the 1994 update to the 1991 Na-
tional Earthquake Hazards Reduction Program
(NEHRP) provisions for nonstructural compo-
nents (architectural, mechanical and electrical
components and systems). The major activities
included.
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M A critical assessment of current seismic de-
sign formulas for nonstructural compoenents, iden-
tification of some of their shortcomings, and rec-
ommended revisions.

B Sponsorship of a 1994 NEHRP Update
Workshop, where participants included experts
in the field and selected members of the Task Sub-
committee 8 (TS8) of the Building Seismic Safety
Council. TS8 was responstble for this update ef-
fort. The objective was to reach a consensus on
the revised force and displacement formulas.

In the first area, the major thrust was to cor-
rect deficiencies and inconsistencies in the cur-
rent design force formulas for nonstructural com-
ponents and to recommend revisions which
would bring them more in line with current state-
of-the-knowledge in this area.

Three options were recommended which de-
pended upon different levels of consideration of
structural and component effects (Soong et al.,
1993) Each option preserves the equivalent lat-
eral force concept, a static procedure which can
be justified based on dynamic analysis, experimen-
tal evidence, and observation data from past earth-
quakes. Special attention was paid to soil type
effect, location effect, structural period effect,
structural vielding effect, and anchorage detail
effect Through case studies, they were shown to
represent a significant improvement over the
1991 NEHRP design force formulas.

Current provisions do not include design
guidelines based on displacements or deforma-
tions on the part of nonstructural components
under seismic excitations. Since excessive move-
ments are causes of a significant number of past
nonstructural failures, simple displacement equa-
tions were also proposed which can be used to
cstimate flexible support deformation and the
amount of sliding a nonstructural component can
experience during a seismic event

These revisions, together with other propos-
als, were presented at the NCEER-sponsored 1994
NEHRP Update Workshop held in January, 1993



in Irvine, California. The following individuals at-
tended the workshop:

Robert E. Bachman®, +, Fluor Daniel
Genda Chen**, University atBuffalo
Richard M. Drake®, Fluor Damel
Mircea Grigoriu**, Cornell University
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Martin W. Johnson, EQE

Allan R. Porush*, Dames and Moore
Philip J. Richter, Fluor Daniel
Thomas A. Sabol, Englekirk & Sabol
Mark E. Schroeder, Fluor Daniel
Roland L. Sharpe, Consultant
Stephen A. Short, EQE

Tsu T Soong**, University at Buffalo
Luis E. Suarez*, University of Puerto Rico
Z G.Wu**, University at Buffalo
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These efforts have helped in the development
of a set of proposed seismic force equations that
have taken the following into account, some of
which were not considered in e¢ither 1991 UBC
or the 1991 NEHRP Provisions (Bachman and
Drake. 1994):

B component weight and mass distribution,
including dynamic properties;

B location of structure within regional seis-
mic zone;

B seismic response of the primary support-
ing structure to earthquake input motions,includ-
ing site effects:;

B location of component within structure;

B the safety hazard which would result
should the component separate from structure;

B importance of component function to op-
eration of facility; and

8 component anchorage ductility and en-
ergy absorption capability.

Additional desired attributes of the proposed
force equations include:

B input accelerations for compoenents which
rationally reflect actual structural accelerations at
the component attachment point(s);

B input accelerations for compenents which are
consistent with the input design ground motion
at grade level; and

B input acceleration for grade-level components
should match grade level design ground motion
accelerations used in the design of the structure

In addition to the force equations, displace-
ment input is needed for the seismic design of
cladding, stairwells, windows, piping systems,
and other systems that are connected to the struc-
tural frame at multiple levels. The displacements
should rationally reflect the actual structural dis-
placements of the structure at the attachment
points.

Neither the 1991 UBC nor the 1991 NEHRP
Provisions provide design equations for seismic
relative displacements. In this effort, equations
were proposed for the 1994 NEHRP which are
based on either the building structural analysis
or the building drift imitations, each of which is
provided for in the structural provisions of the
1991 and 1994 NEHRP Provisions.

Work is continuing on several important code-
related issues. These include methods of includ-
ing the R-factor in the seismic analysis of
nonstructural components located in yielding
structures and in base-1solated structures. Calibra-
tion of 1994 revised force and displacement equa-
tions based on the Northridge experience data
has also been a focus of NCEER's activities.
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System-based Code Development

The focus of this work was to quantify the
reliability of critical nonstructural systems within
critical facilitics with the goal of obtaining model
code provisions (Porter et al., 1993).The seismic
reliability of nonstructural systems is a matter of
significant economuc and life-safety consequence
This program has been aimed toward reducing
earthquake risk for critical equipment systems and
facilities by carrying out multi-phase tasks as
shown in figure 1, consisting of the following key
steps

B Compile data on the morphology and his-
tory of equipment systems Examine sample fa-
cility types and equipment systems. Incorporate
these data into risk tables and equipment perfor-
mance data bases.

M Formalize generic fragility assessment pro-
cedures (FAPs) to assess fragility of all critical
equipment. Apply prototype FAPs to critical
equipment data bases.

M On the basis of prototype FAPs, develop a
prototype critical system reliability assessment
methodology (CSRAM) for estimating casualties
and economic Josses due to equipment damage.

Identify Critical
Facility Types

f

Complete Earthquake Identity Critical Develop System
W Experience Data Bases System/Components Logic Diagrams
- Develop General Methodg
Develop Generic for Evaluanon
i Equipment Fragilities
:l Identity Key Finalize Detailed
( Vulnerabilities = Methodology for

: Selected Systems

\
| Quantify Modification /

Al Factors

Develop Handbooks
and Instructions

|
Acceptance Criteria
(Socio-Economic Study)

Develop Model
Code Provisions
for Critical Systems

M Figure 1
System-hased Code Development
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M Figure 2
Data Processing Center Life-Safety System

B As an example application, assess at a re-
gional level the reliability of all equipment sys-
tems affected by selected scenario earthquakes.
Estimate the inventory of population at risk, build-
ings, equipment systems, and equipment compo-
nents. Develop scenario earthquakes for seismic
regions Apply the prototype CSRAM to inventory
estimates. Characterize loss estimates by facility
type system, component, etc.

M Develop guidelines for judging or improv-
ing critical equipment reliability. Prepare a user’s
guide for use by engineers without seismic ex-
pertise. Field test user’s guide and CSRAM.

M Pperform pilot dissemination of user’s guide,
providing training in its application.

Generalizations regarding equipment func-
tion and seismic reliability have been developed
by reviewing the major components, criticality

for life-safety and normal operations, and system
dependencies of four important facility types:
high-rise office buildings, telephone central of-
fices, data processing centers, and hospitals

The use and criticahty of facility components
and lifeline services are illustrated in logic dia-
grams such as shown 1n figure 2 for a data pro-
cessing center. These diagrams are constructed
for each major system at each facility type. The
diagrams illustrate system dependencies and re-
dundancies and identify basic components on
which each system relies. By following the entire
sequence of logic trees, the basic components
can be determined and seismic reliability may be
discussed and evaluated.

Resuits of this study demonstrate that equip-
ment attributes leading to poor performance in
earthquakes can be identified and avoided and
can be eliminated from existing facilities. The
study also shows that equipment failures in mod-
erate and large earthquakes are typically depen-
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dent on details of construction and equipment
configurations; they are typically not a function
of ground motion amplitude. Detailed equipment
performance data, such as those compiled for this
study, can be used to develop empirical criteria
for new design. Because equipment performance
data demonstrate failure probabulity of a random
sample, these data can also be used to assist in
damage prediction models, statistical evaluations,
fragility modeling and probabilistic risk assess-
ments.

This study forms much of the basis for answer-
ing several important questions on the costs and
benefits and improving equipment seismic reli-
ability, the priorities for addressing reliability, and
the methods for increasing reliability of new sys-
tem designs and assessment of existing systems.
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B LireLines AND HiGHWAYS

amage sustained by lifelines and

bighways in recent earthquakes

and the multi-million dollar losses
that result from service disruption, bave rein-
Jforced the need to perform comprebensive stud-
ies on these elements of the built environment.
Frequently taken for granted, lifelines include
water; gas, oil, electricity, transportation and tele-
communication systems. Motivated by the dam-
aging potential of fire following an earthquake,
the Center’s Lifeline Project began by perform-
ing detailed studies of the water supply systems
in San Francisco and Memphbis. These studies
were later expanded to oil and gas transmis-
sion lines in the Central United Stales and more
recently to electricity supply systems.
Geotechnical studies have focused on liquefac-
tion and other sources of large ground defor-
mation which bave serious consequences for
buried lifelines. Systems modelling, fragility das-
sessments, the economic impacts of service dis-
ruption and the societal consequences of re-
leases of bazardous or toxic materials bave also
been studied. Transportation systems are mda-

Jor lifelines and the Center’s Highway Project

Jfocuses on the seismic vulnerability of both
existing and future bighway construction. All
components of the bighway system are being
studied including short and long span bridges.
The research areas include defining the
seismic and geotechnical bazard, developing
conventional and innovative retrofit methods
by using smart materials and protective systeims,
applying risk assessment methodologies to
highway networks, defining importance and
performance criteria, improving prioritization
algorithms, and estimating the bhighway stock.
The development of manuals for the evaluation
and retrofit of existing lifelines and the prepa-
ration of performance-based standards for all

new lifelines are long term goals.




