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Jair and Fetrofit

ABSTRACT

55> this Paper. The obi : ,"I-Hml.c Fepair and retrofit of
:l(?llil:llillg the tra f : )J*t..-t,llw; 15 10 promote closer ties
ochaiques through a concentrated effort IC'Iding s ”; n.aju Of knnwlcm-lgt: and rph:.l;iliﬁt‘-u* 8

(P TR TGRSR : e deve : o PO DA a Syt
performance standards applicable to the S o Tre Llu[).mt.,nl ot design guidelines and
. . Y 5 » . Y . ; -y ) dC " o e
:mplemented are reported and future priorities indi T

- - as cated, p the first year's projects
coordinating this multidisciplinary - Frocedures

8 and mechanisms for

and multi-investjp:
nulti-investigator Program are described

INTRODUCTION

Recent damngmg earthquakes that have occurred in the United States (Whittier-Narrows
1987, Loma Prlet:-l '19359) and around the world (Mexico 1985, Chile 1985, Armenia l‘)8‘8 lm;
1999, apd the f"l‘uhp'plncs 1990) once again attest to the importance of’carlhqu;lkc—res}stant
design In the mitigation of potential property damage and life loss. The acute economic impact
(825 billion) and large number of casualties (20,000 deaths) which resulted from building
damage and collapse in Mexico City during the 1985 Michaocan earthquake (Magnitude 8.1)
constitute documentary evidence of the intense impact that a major seismic event could have
on urban environments. In the U.S., the smaller October 1989 Loma Prieta earthquake
(Magnitude 7.1) in the Santa Cruz Mountains of California gave further notice of the
vulnerability of urban communities to seismic events with 72 deaths and a cost of about $10
oillion in direct and indirect damages.

as been done in the United States and a!urgad
rofit, and rehabilitation of existing,
ructures are typically
formance. On other

Over the last decade considerable research ha:
on various aspects of seismic repair, strengthening, retrc tode 48
hazardous structures. During post-earthquake recon Strucuon_'?tgnd;,;gr
repaired or strengthened to improve their seismic load capacity
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earthquakes the seismic rehabilitation of anp cXiSting
re ? 2 ! . -k = _
of futu Knowledge and technology have been advanceg %

asis. : > gy
building may occur on 4 voluntary hit has also been apparent that thf;, pace of application and
However ng the vulnerability of existing structures is falling

tSi L
a result of all these effor & saduc -
h results In reali[yr it 's adml[tedly clear that the pro

' ' f researc
implementation O : T ' |
somewhat short of expectations In xisting buildings 1s more complex than the dﬁSign

E : ofit schemes for € : g
of designing repair and retr Problems involved in rehabilitation of structures ¢y, be

process for new construction. indicated in Figure 1: (1) vulnerability €stimate

as
hed through a 3-step process ca et
?Spginior analysis, and (3) options and decision making

occasions, in anticipation

sake Hazards Mitigation Program of the National Science

Foundation decided that it was timely to address this critical situation by initiating 2
oundati

rrated research program on a national scale to: (1) integrate the eitisting body of
concentr dditional research as required to develop practical e"gjneering

wledge, and (2) carry out a ] R .
rlilr::;suref for imrilediate implementation to safeguard seismically vulnerable existing Structures

throughout the entire U.S.

This paper describes the purpose and o_bjectives of th.e- N§F coordir}at.ed research program
specifically initiated for the seismic repair and rehabﬂltatloq of €XISling structures. The
program was publicly announced through a formal program initiative that was distribyteg
nationally to researchers, design professionals, and academicians in .!anuary 1990 soliciting
research proposals. The formal NSF announcement of this program initiative was issyed as
NSF Document 90-23, entitled "Repair and Rehabilitation Research for Seismic Resistance of

Structures”,

In late 1989 the Earthq

TECHNICAL BACKGROUND

. As a background to the program initiative, a brief discussion of the technijcal problems
involved is made in this section. Along with these discussions, an attempt is also made to

reprz;};em:;r Li"thzti;?gf-lthe-practlce for seismic vulnerability evaluation of buildings is
supported by NSF. Thi 14 methodology ( 1987) which was developed over a S-year study
e The. 1s methodology was subsequently adopted by FEMA as reports FEMA-

: €ssential features of the ATC methodology are: (1) it is based on life-safety

hazard consi : :
of the bu l;‘;:j;':}?:éﬁl buﬂdlpgs are classified into fifteen model types and typical weak-links
: n are ldentlfied from records of past seismic performance of similar



These limitations are:

(1) Fifteen buildings classification type
fication : Rt nd e S ma :
}:Iai‘:l_tr‘:(g:ﬂs;(;?(‘ilp[t‘)romh, as suggested by (}avTinniit t)e sufficient A v .
ramil ypes 1n terms , €t al (198¢ R re broadened
3 N Of lﬂte . . ) - )) Wthh C . nec
be moOre appropriate; ral force resistant sources anj}[:;@ers the structural
5C : eir functions mi
S might

(2) Linear elastic procedures, via use of elasti
: LIC §

do not adequately address situati ' "
tuations involving inelastic load distribut;
: ions and interaction

effects. Limited state analysi '
Y515, using more refined analytical models which
els which take into

_! account all critical failure mechanis
| " s eithdmsms, systems interacti
etc. will 1mprove the evaluation (Aktan 1990); on, and uncertainties in modeling

pectra, for ; |
, 101 assessing local element demands

conomic consequences :
(3) eqtern*: g l‘-(l)“ un:j as a result of various degrees of damage, i.e., th
pé $ S¢ er moderate seismic actions are also impf;ﬁ .,t fe S s
ant factors;

_ (4) Field 'me.thods for e}«’aluation of the current state of material Sl
l capacity of the bml(_ng whether or not it had u.ndf:'“:l‘gmua‘l preljifmi.nd' bElldmgs 5L

SL{Ch as nondestructive tests (NDT) might provide valuable tools 1n earthquake motions,
w:ﬁth m.ethods based plfrely on mathematical modeling and analysis P?th%&g e
might - clude ultrasonic tests, radars with image processing tecgni(iuesucetc fo;rdn:etgggz

of fractures, cracks, yielding, and non-structural damages

T-he above highlight but a t:ew deficiencies in the current knowledge base for seismic
redesign or upgrade as reflected in the state-of-the-art practice. To improve our ability to deal

with sucf_l ur_g@t problems, particularly for seismic regions in the Central and Eastern U.S.

I as design/construction types are vastly different from the West Coast,

a broad basec! effort covering building inventory, behavior (vulnerability) evaluation, and
: lysis is clearly

gineering measures and cost benefit ana
developed behind such 2 technical background. To

trated on development of generally applicable
details for typical or

upgrade
reeded. The NSF program initiative was

focus its effectiveness, efforts are concen
engineering measures only, including design techniques and engineering

common situations.

NSF PROGRAM ON SEISMIC REPAIR AND RETROFIT

Program Description
en research and

is to promote closer ties betwe

The purpose of the NSF program initiative
" litati 4 techniques through the development of
practice by facilitating the transfer of knowledge an ques P o foster the transfer of

engineering design guidelines or manuals a'p[?hcable to e
this clearly stat_ed

information, collaborative

encouraged. Although not mandatory for particip
support of collaborative and coordinated efforts W i ki

solutions based upon the integration of existing tec
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the realistic evaluation of the vulnerability of ex

‘ levels of seismic excitation, and

t cost-effective constmf:tlon' te:c:hmques for fepairing s
dentified as hazardous In s€1SMIC events,

e Develop and document
strengthening structures 1

ves. research proposals were encouraged to study key problems

: . bject : _ .
. deng;dfgivgnztﬁ:;:tcuziy as high priority items in the following topic areas:
1

e Performance evaluation of existing structures and foundations.

e [oad-transfer mechanisms.

e Retrofitting criteria and techniques. . | -
Problems and solutions applicable to seismic zones on a nation-wide basis

#
e New materials, methods, systems, and devices for seismic retro-fitting, and their design
manufacture, fabrication, and field installation. -

Levels of Financial Support

The program is established as a long-term effort in which approximately $2.5 million is
made available to the earthquake hazard mitigation research community over the period of five
years. The approximate distribution of funds over the program’s duration will average $05
million in each of the fiscal years 1990 through 1994 contingent on the quality of the proposals
submitted in response to the program announcement.

Research Parameters

: be . .
buildmg types. One of ::E ef;l:::ll;:leg - 10 address the problems associated with these existing
defel‘tpme the actual strength of theg:xl::u:he existing building rehabilitation process 1s ©
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me CQ{’irdlnath riﬁ.ﬁffarf:h prﬁﬂ;r

" .. adM IS inte
1o assure that the research data \ntended to utjlize

acqQuired . i 1N 40
jutred are applicable to XS S bractic;

[echn(’}log-lEf* dt‘.‘\ftl(.)ped may be iransferred ran: 4l ) current h Ng €ngineers
dinated seismic study d rapidly and effic: problems and th.
cOOTaIN: Sel. C study program will i J.r f?-fflCIE:nt]y ‘ at the

L - I L { . . .

guidance* n selecting analytical design procedures
older existing structures that, in tyrn will le d " €ISmic resist
AP ot Aot . - ‘ €Sistance of
measures. _I he fuﬁntﬁjtimcntill godl_is to facilit elo _
recommendatmnb tor the reduction of earthquake PSR f nationally applicable desi
< .} e & ' . ‘1 ] lgrl

The following areas of interest, within the
prosPective researchers as

were not intended to limit

. erformance evaluat sy iat
Perfn‘rm‘ * e 11_“ ition of €xisting structural or nonstructural systems ¢ '
of seismic excitation. ystems at various levels

Performance characteristics of retrofi
StiCs ofitted or strengthe
ned membe
e g rs and/or
 Interaction of new and existing systems.

. Techglques fmd procedures involving materials, devices, or systems which provide
significantly improved earthquake response performance.
* Foundation retrofitting techniques.

e Application of intelligent systems such as high-tech sensors and/or computerized
performance monitoring/control systems.

* (Cost effectiveness of proposed schemes.

* Program coordination, information exchange and technology transter.

structural

Research Coordination

One important feature of this program is that all projects underway are fully coordinated
in terms their progress, information exchange, etc., sO that collectively the final research
products can be delivered as intended. All projects are expected to cr?ntnbu_te directly to thte
development of a comprehensive technical summary d'ocumem including design rzqmrtzm?az
and details for engineering practice. To achieve th1§ purpose a program coor ifna Seramh
selected by NSF based on technical depth and breadth in the overall subject areas ol I¢ |

il 1 ' ' ' ization of joint
The program’s development process will involve this cpordmatqr In thee So;ragirﬁlzg; oen Jand
meetings and other effective means of communication to discuss [

technical exchange of information among all investigators.

Through specific exercises the Coordmator will m il muteehs
resulting from the research work so as to insure that ne

o it ' all U.S. researchers
for the final summary document. The first cqorqlnatlog {Egefz?glreotfruary 15 1091, in Salt
involved in seismic repair and rehabilitation studies 1S schedu

ineerin Research
Lake City, Utah, during the 1991 Annual Meeting of the Earthquake Engin 5

Institute (EERI).

1d rehabilitation program

. o Ir a : -
The coordinator for the seismic repa! [ aboratory, The University ©

Jirsa of the Ferguson Structural Engineering
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Project Selection

In response to the repair and r

init | of 5
the initial year (1990) a totd
research projects developed jointly betwee

alua
design offices. All proposals were €v |
NSFg?mder the standard review process with

itation program announcement, NSF received during
6 proposals, of whlf:h ten PTOPUSMSW?T e C()lla!‘mrativg
n respective universities and proff:ssmnal €ngineering
ted by a panel of seven peer reviewers appointed by
each proposal receiving a minimum of three

, ' ommended for multip]
: osals received, a fotRl OF SN WETC TOCL 4 INIPIC (2-3)
;’z:lre;:sr;dﬁ; 31161'115163 lt:)lll-(ejli"irst fiscal year 1990 at a total budget of $580 thousand. Five of these

ine proposals funded represented collaborative research projects in joint association with
nl ™ . - . .
respestive universities and professional engineering design offices.

ehabil

1. Strengthening and repair of non-ductile reinforced concrete frames using external stee]

jackets and plates.

2. Seismic retrofit with energy dissipators.
3. Evaluation of the strength, stiffness, and ductility of older steel frame structures

4. Experimental evaluation of slab-column frame buildings and the use of ductile steel.

5. Behavior of clay brick and concrete masonry infill walls.
6. Repair and rehabilitation research coordination mechanisms.

OTHER REPAIR AND REHABILITATION PROGRAMS

NCEER Program

In addition to the NSF seismic repair and rehabilitatio ' |
| repai n program, on a national basis, the
National Center of Earthquake Engineering Research (NCEER) of the State University of New

- , research study in this area
e dBeY the end of the five-year cycle of funding
>18N guidelines for the seismic repair and
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The Federal Emergency Managem
design practices and manualse?}:OAge“CY (FEMA) has amo

.on practices and manuals have been pubi;
sting buildings, efforts were made pto ;32?1‘3 In co
d to prioritize seismic rehabilitation in liléyht

SUMMARY AND CONCLUDING REMARKS

A national research program on seismic repair a -
its companion support programs conductedpby Ng%ée[t{rgflié %ﬁimlgfesé?s?r?;zbbjrl:%

programs repr_ese{lt a concentrated, strategical attack to the complex problems the count 5

facing in 1ts seismically vulnerable regions. While many technical problems remain that cgullcsi
be approached and improved on a piecemeal basis, it 1s considered important to integrate the
current knowledge and develop generic applicable techniques for broad engineering
ons. It is expected that the program described in this paper will contribute to the

applicati
mic safety of existing structures.

nation’s pressing problems in the seis
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