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SUMMARY

This paper describes the Los Angeles City Hall building and a unique seismic strengthening program. Four
hundred and sixteen high damping rubber bearings, 90 flat sliding bearings and 64 viscous dampers have been
installed as part of the seismic rehabilitation. The building is a 460 feet tall steel frame with unreinforced masonry
infill. The rehabilitation consists of installing high damping rubber bearings at its base supplemented with
nonlinear viscous dampers. This paper describes various aspects of the project including the development of
seismic performance goals, identification of inherent seismic deficiencies of the existing building, evaluation of
alternative strengthening schemes, the final design process and construction issues. Cog@ghiohn Wiley

& Sons, Ltd.

1. INTRODUCTION

Los Angeles City Hall is perhaps the most famous building in Western United States. It was built in
1926, as a 32-story, 460 feet tall steel frame building with riveted semi-rigid connections. It was the
first building to exceed the 150 feet height limitation for all privately constructed buildings in Los
Angeles. It is an enduring symbol of Los Angeles and is familiar to many television viewers of the
‘Dragnet’ series. A photograph of the building is shown in Figure 1.

Over the past 65 years, regional earthquakes have caused damage to this building. Masonry infill
and concrete walls have cracked. The terra cotta cladding has been cracked, broken or destroyed in
portions of the building’s exterior. With every significant earthquake, unanchored masonry debris has
been scattered about the building’s interior. At the 24th floor, large cracks in the masonry walls
appeared after the 1971 Sylmar Earthquake, the 1987 Whittier Earthquake and the 1994 Northridge
Earthquake.

In order to meet the life safety and damage mitigation objectives of the City of Los Angeles, to
maintain the integrity of the building’s exterior facade and to protect the historic interior fabric from
damage, a seismic rehabilitation of the building was studied, planned and is now currently in progress.
Three seismic rehabilitation schemes were evaluated—a reinforced concrete shear wall system, a
reinforced concrete shear wall with steel super-brace system and a base isolation system with
supplemental dampers. The base isolation system with supplemental damping was determined to be
the most effective strengthening scheme based on performance and cost.
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Figurel. Aerial view of Los AngelesCity Hall
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LOSANGELESCITY HALL 5

This paperpresntsa descrigion of the projectincluding the developnent of seismicperformane
goak, identification of inherentseismicdeficienciesof the existing building, evaluationof the three
seisnic rehabtilitation schemesthe final desgn processandthe currentconstructon staus.

2. BUILDING DESCRPTION

The building hasthree major strucural segmentsthe podium (sub-basmentto secondfloor), the
midrise(third to ninth floors)andthetower (tenthfloor to thetop of thepyramid). Thestrucuralframe
of thetowerextendsfrom below thetenthfloor, throughthe mid-riseandpodiumof thebuildingto the
matshbfoundaion bene#h the sub-tasemenfloor. Similarly, the mid-rise frameextendsrom below
the third floor, throughthe podiumto the founddion level.

The gravity sysem of the building consistsof a concreé encagd steel frame and reinforced
conceete slab/pan-pist floor system.The typical beamto-coluim connetion is a riveted ‘wind
connetion’ that utilizes top and bottom seatangles.

The building was desigred in the early 1920's prior to the enactnent of explicit sesmic design
requiraments.Therefoe, the building wasnot specificdly designedo resistsesmicforces.Thus,the
building doesnot havea distinct seisnic force resising systemto provide a well definedload path.
Howeve, thereareanumkber of structurd compmentsthat,althoughnot specfically desgnedto resist
earthquée forces,participatein resistirg thes forces.

Lateral load resisaincein the exiging building is providedby horizontl diaphragms,perforaed
unreinforced masonryinfill walls, lightly reinforced concete walls and light steel bracing. The
unreinforced masonryinfill walls providemostof the lateral forceresising capabilty of the building.
The infill walls occurat the perimete of the groundthrough26th floors and aroundthe light courts
from the sub-kasemento thefifth floor. Reinforeed concetewalls occurat the perimete of the sub-
basemenhand basemenfloors, at the four cornersof the tower below the tenth floor and at the top
leves of thetower. Thesteel bracingoccursatthefour cornes of thetower from the sub-basemdrio
the 22ndfloor. Thesebraesconsst of light steelsectiong2-Ls 6 x 3 1/2 x 1/2) abovethe mid-rise.
The steel bracing was designedto provide lateral stability during erection.Belt trussestying the
cornes of the towertogethe occurat the ninth and22ndfloors.

3. PERFARMANCE CRITERIA

The performanceof the Los Angdes City Hall in earthquaesdepend on severalfactors thatarenot

Tablel. Seismicperformanceobjectives

I. Protectand preservea historic monumentafter Il. Preservecontinuity of governmenfunctionsafter
major seismicevents major seismicevents

1. Insure seismic safety/stability of the structural 1. Preservehe basicfunctionsof the building
system

2. Maintain integrity of the building’s exterior 2. Insuresafemeansof egressrom the building
facade

3. Preventfalling hazardsthat posea significantlife 3. Insurethatlife safetysystemsemainoperable
safetyhazard

4. Protect historic interior fabric of the building 4. Protect emergency telecommunication systems
from damage including tower, satellitedishes etc.

5. Protect interior building contents, historic
artwork, ornamentabetails,etc.
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Figure2. 5% dampedsite specificspectrumand 1997 UBC spectrum

explicitly consideed in codebasedappraches,such as earthquak intensity, mateial properties
quality of constructim, structurd configuation/irregilaritiesandforce/defomationchasmacteristic of
the lateralforce resistirg system.Codetechniqiesarenot capalte of predicing damagedevelsor the
specificperformane of the building. In addition, the strucural systemandtype of constuction used
for the building is prohibited by current codes Therdore, a perfamance-basd apprach was
developedsincea codebasedapprachwasnot appropratefor evaluatingthe building.

Seismicgoak were devebpedto estabish performanceobjectivesfor the evaluaton of theexiging
buildingandthedesgn of potential strengthemg schemesThe seisnic goalswere intendel to saisfy
boththelife safeéy anddamagemitigation objectivesof the City of Los Angdesfor the building and
arepresengdin Tablel.

In orderto evaluae the ability of the existing building to med the seisnic goak, the goak were
quantified asengineeringcriteria. The engineeringcriteria definedthe performane goalsin termsof
specificanalyticd limit statesThequantifiationof thesesmicgoalsasengneeringcriteriawasbased
on specific raional analtical limit states,not on simplified code-basé approachs, which are
inapproprate for this building. Theselimit stateswere deternined using the latest researchdata
availableregadingtheseismicperformanceof exiging buildingscombinel with guidelinesdevebped
for life safdy protection anddanmagemitigation.

The limit staes were establisled for interstory drift, inelastic demand ratios for the various
structurd elements and story accderations The interstoy drift limits are essentiafor maintaining
globalstability in the strucural systenby limiting the P-A effects.In addition,earthquéie damagen
manystructurd andnon-structurabuilding systemsanbedirectly associgedwith theinterstowy drift
the building experences.Inelastc dermand ratios (IDRs) represat a measue of the post-yield
deformationsof the strucural membes during a given earthquée. In orderto insurethe safetyand
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LOSANGELESCITY HALL 7

Tablell. Earthquakeime history records

Groundmotionrecords

1940Imperial Valley—EI Centro
. 1992 CapeMendocino—Petrolia
. 1989Loma Prieta—Corralitos

. 1952Kern County—Taft

. 1989Loma Prieta—Hollister

. 1971 SanFernando—Castaic

. 1994 Northridge—Pacoim®am

~NoOUAWNR

stablity of the structurd system limitationson the allowable IDRs arerequirel. Story accele@ations
affectthe seismicperformanceof building conentsandnon-gructural sysems.

4. EARTHQUAKE GROUND MOTIONS

Theanalysisanddesgn for the Los Angdes City Hall sesmicrehailitation wasperformedin 1994—
1995basedntime-historyrecordswhich werescaledo med thesite-spedic respnsespectraSite-

specift spectrawere developedhat accountfor nearfault effectsand disperson effects for distant
evens. The designbask earthquéie (DBE) representsa 10% probaility of exceedanein a 50-year
time periodandthe maximum capatte earthquakéMCE) represat a 10% probaility of exceedane
in 100 years.Figure 2 shows a plot of the 5% dampedsite specificresponsespectum andthe 1997
UBC designspectum developedor this projectby Dr Marshall Lew of Law Cranddl Geotechrial

Engneers Althoughthe site specificspectrun, devebpedin 1993-1994.is uncongrvdive relativeto

the1997UBC spectrun, contingenciesin theisolation systemdesigncounteractthis effectandwill be
disaussedater.

Severntime-histoy recadswereusedin the analyss anddesign,andarepresentedin Tablell. The
Petolia groundmotion recad, which govemnedthe designof theisolation system is shownin Figure
3. All of therecordswereamplitudescakdto matchthe desgn spectrawithin the scalirg window of
2.5 through4-0s. The HollisterandPacoimaDamrecadsaccount for the potential near-faultactivity
atthesite.Recordedgroundmotion from the 1994Northridgeearthquée at sitesnearthefault rupture
provide evidencefor designconsicerationof nearsourceeffects.

5. MATERIAL AND DYNAMIC TESTING

In orderto determire the strengh and deformation characeristicsof the existing building materids
andto determire the dynamicchamcteristis of the existing building, matefal and dynanic testing
havebeenperformed.

A variely of in situ testswere performedon the unrenforcedmasonry In-placesheartestswere
performedonthemasonrywalls to determire theability of theexiging brick andmortarto resistshear
stresgs. Sevenl flatjack teds were performed to determire the compresive strengh and
defomability propeties of the manry. A typical stress—sain plot of in situ moduus testdatais
shown in Figure 4. Theresultsof thesetegs wereusedin thedevebpmentof thecomputemodelsand
in the determiration of the strengh capadty of the existing building.

Ambientandforcedvibration teds were performedProfessorGary C. Hart of UCLA to deternine
thedynamic, propeties of the existing building. Theambent vibrationted measuedthe respnseof
the building to vibrationsthat occurat the building site dueto vehicular traffic, wind, occupantsetc.
Forcel vibration testswere performedusing a forcedvibration oscillator to vibratethe building. The
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Figure3. (a) Petroliagroundmotion (0 deg.component)—199Z apeMendicinoearthquake(b) Petroliaground
motion (90 deg.component)—199ZapeMendicinoearthquake
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Figure4. Typical stress—straimplot of in situ modulustestresults

forcedvibration testwasusedto detemine the responsef the building to high-level excitatiors. The
resuts of thesetestswere usedto verify the modding assumptios madein the developnent of the
computermodelof the existingbuilding.

The ambien vibration survey was perforned on the Los Angdes City Hall in May 1993. The
accderometes recordirg the amhkent accderationswere placedon the 25th floor of the City Hall
building. The layout of the acceleronaterson the 25th floor of the City Hall building is shown in
Figure 5. A seriesof sampleswere recordedduring this ambien vibration survey. Powerspectral
densties of the recadedaccderationswere obtainal from an on-site spectrumanalyzer.The power
spectradensityfunctionsof theaccelerabnsrecadedfrom Channel®2 and3 areshown in Figure 6.
The fundamertal natual periodsof vibration of the City Hall building deternmined from the ambien
vibration survey are listed in Table Ill. The vibration mode type is also identified in Table IIl.
Chaacteristicperiodsof vibration of the City Hall building werealsomeasuredy inducingmotion
through the useof a seismicshake. The fundamental natual periodsof vibration of the City Hall
building determired from this forcedvibration testarealsolistedin Tablelll.

6. WIND TUNNEL STUDY

A wind tunnel study of the Los Angeles City Hall was performedby the Hart Consultah Group
(ProfessorHart with Dr JonRaggett) to deternine staticequivalentfloor forcesandmomentsfor the
desgn of the structurd frames.Thosewere usedasinput in establishingthe yield leve of the base
isolators.Designwind speeddor returnperiodsof 50years 475years and1000yearsweredeternined
from a statistcal analsis of histoiical wind data,correcedfor the specift site,from the Los Angdes
Civic Centerandarecading stationof the SouthCoastAir Quality Monitoring District. Wind forces
andmomenttime historiesonthe Los AngelesCity Hall buildingweredeteminedusinga 1:240scale
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Figure5. Layout of accelerometersn the 25th floor of the City Hall Building

aeroelatic model of the building and its immediae environment (1200 feet x 1200 feet) in an
atmosieric bounday layer wind tunnel. The modé of the City Hall building undergoingteding is
shownin Figure 7.

Wind-inducedbasesheaitime histolies,anda twisting-momenttime history abouta vertical axisat
the building cener were meauredon the building model. Theseforceswere measued for winds
comingfrom critical directionsat 15 degreeincremens. Theseforceswerecomputel by combininga
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Figure 6. Powerspectraldensityof accelerationdrom channel2 and3
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LOSANGELESCITY HALL 11

Tablelll. Naturalfrequenciesf City Hall from ambientand forced vibration

tests
Mode of vibration Periodof Vibration (s)
Direction Number Ambientvibrations Forcedvibrations
North—South 1st 2.08 2:50
2nd 078 0-96
3rd 0-50 —
East—-West 1st 2-38 2:27
2nd 0-89 0-86
3rd 0-53 —
Torsion 1st 1.09 119
2nd 0-62 0-69
Unknown 0-60

0-56

time histoly of wind loaddatafrom eachdirectionwith adynaric modelof thebuilding. The dampng
ratio for the analysiswas set at 5% to refled the behaviorof the building at theseload levds.
Therdore, thee forces are static equivalent wind forces that incorporaé the dynamic response
chaicteristics of the building whensubjecedto awind loadng time history. The measuedforce and
momenttime historieswerescaledo full-scaleequivaknttime histoiesandweredistributedoverthe

Figure7. Wind tunnelstudy
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height of the structureaccordng to the 1991 California Building Code. Theseforcesand twisting-
moment time histolies were used in theaetical dynamic analyss of the structure Peak stdic
equivakentfloor forcesandtwisting momentsvereobtaned from the extremestructuredispgacemens
computel in the dynamicanalysis(Hart et al, 1993)*

7. COMPUTER MODELS

The project conskted of three phase: Phasel—Evaluation of existing building; Phasell—
Develgpmentand evaluationof potential strenghening schemesand Phaselll—Fi nal designand
analyss. Compuer modelswere devebpedandbr refined at eachphaseof the project.
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Figure 9. Force—deformatiomurve of unreinforcedmasonryinfill

In Phasd, linear elasticcompute modds weredevelopedo assesshe global performane of the
exiging andstrenghenedbuildings (Phased-IIl) . Thesemodds weredevelopedusingthe structural
analsis computerprogmmsETABS (Habibullah,1989) and Sap90(Wilson andHabibullah 1992)3
A plot of anisometric view of the 3-D SAP90computermodeé is shown in Figure 8. Nonlinearfinite
elementmodelswere developedto determire the limit-state behaviorof the unrenforced masonry
infill. Computermodds were also developedto perform nonlinear dynamic analyss for the base-
isolated building (Phasdll).

The primary steel-frame skeketon, steelbradng, reinforced-concete walls, unreinforced-masory
infill walls andconciete diaphragmswereincludal in the linear elasticcomputemrmodelsto simulate
the behaviorof the existing building accuragly. In order to assesghe dynamic behavor of the
building, it wascrudal to undestandthe behaviorof the existingunreinforeedmasonrywalls. These
walls represat a significant portion of the overall strengthand stiffnessof the existing structural
sysem. Nonlinearfinite elementanalyss wasperformedon typical URM wall configurationsof the
building to deternine their limit-statebehavor (Youssé et al, 1994)* Models of the variouswall
configumationswere developedisingthe compute programFEM/I (Ewing etal, 1990)° The materid
modd usedby this progmam accounts for the bi-axial stressstatesand pre-craking behavior of
maonry. Theseanalysesepresat the mostcomprelensiveanalyticd apprachfor the evaluationof
the limi t-statebehaviorof masonry.

Theresultsfrom theseanalyseswere usedto determine the effectivestiffness strengthcapadty and
effectve deformationrangeof the typical masonrywalls. A force—ddéormationplot from the analysis
on a typical URM wall configumation is shown in Figure 9. Frame elements in a crossbrace
configumtion,wereusedto modd themasonrywallsin thelinearelastic modd. Thesectionpropeties
of thesebraceswere deternined from the resultsof the nonlinea finite elementanayses.

In Phasdl, alinear elastic compute modelof the base-isolted building wasdevelopedusingthe
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Figure 10. Idealizedlumpedmassrepresentatiof LPM-BI model

compute progam ETABS. Theisolatorsweremodelel usingframe elements with equivakentlinear
stiffness Respons spectrun analyseswere performedo assestheglobalperformane of theisolatd
building.

In Phaselll, nonlinea time history analyseswere performed and compute modelsof the base-
isolatedbuilding were devebpedusing the nonlinea dynamicanalyss computer progamsLPM-BI
(Kariotis etal, 1992f and3D-BASIS (Nagarajaia etal, 1991).” In boththe 3D-BASIS andLPM-BI
compute modds, the plare of isolation is assunedto berigid, andisolatorsandslidersareexplicitly
modelal asbiaxial elements.In the LPM-BI modd the supestructureis modded using the stiffness
matrix determined from ETABS, assunmg a base-isolted condtion where the isolatorshave no
lateralstiffness An idealized lumpedmassepresetationof the LPM-BI modelis presentedn Figure
10. The 3D-BASIS modd useseigemaluesand eigenvetors from ETABS, assuminga fixed base
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LOSANGELESCITY HALL 15

TablelV. Existing building periodsof vibration

Mode number Direction

Period(s)
Ambient Forced ETABS SAP90

East-West

2:38 2:27 2:62 2.78

1
2 North—South 2.08 2:50 244 252
3

Torsion

1.08 1.19 1.24 1.39

Dome
28th
27th
26th
25th

24th
23rd
22nd
21st
20th
19th
18th
17th
16th
15th
14th
13th
12th
11th
10th
9th
8th
7th
6th
Sth
4th
3rd
2nd
Mezzanine
st

Ground |
Basement 7

Sub-Basement

Acceleration (g)

JiExisting - Concrete Shear Wall

— Base Isolation — Steel Super-Brace |

Figure11. Plot of story accelerationgrom proposedstrengtheningschemes
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Dome
28th :
27th
26th
25th

24th

23rd
22nd

21st

20th

19th

18th

17th

16th

15th

14th

13th

12th

11th

10th

9th

8th

7th

6th

5th

4th

3rd

2nd
Mezzanine
st
Ground
Basement
Sub-Basement

Drift Ratio (%)

—Existing =~ — Concrete Shear Wall

— Base Isolation — Steel Super-Brace

Figure12. Plot of interstorydrifts from proposedstrengtheningchemes

condition, to modd the superstucture. Global dampingis providedin the LPM-BI modé using
Rayldgh’s mas andstiffnesspropotional danping (C = agM + a;K), wherea 3D-BASIS usesmodal
damping

Theviscousdamperst the isolaion planewereexplicitly modded in both prograns. Theviscous
dampersatthe 24thfloor werelumpedinto a singledamperin the LPM-BI computemodel,betwee
the 24th and25thfloors. The 3D-BASIS programwasnot capalte of modding theviscousdanpersat
the 24th floor. The LPM-BI computer model was usedto detemine the nonlinea responseof the
isolation system The 3D-BASIS computeé modd was usedto verify the resuts of the LPM-BI
analyss.
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Figure 13. Hystersisloop of 1200mm prototypebearing

A linearelasticcomputemmodé of thebase-isoleedbuilding wasdevebpedusingthefinite element
computerprogramSAP90.This compute modd wasusedto deternine membe forcesandto evaluate
the overwurning distribution at the baseof the building.

8. EVALUATION OF EXISTING BUILDING

A seisnic evaluationof the exiging building wasperformedusingthelinear elasticcomputermodsds.
The computer model of the existing building was verified by performing an eigenanalysisand
comparingtheresultswith the testdataobtainedfrom dynamictestingof the building. The resultsof
the eigenandysis and dynamic testing are presengd in Table IV. The periodsobtaned from the
eigenanalysiswerefoundto bein goodagreementwith the resultsof forcedvibration tests.

Responsespectrum analysesvereperformedusingthe designbass earthquéie representinga 10%
probaility of exceelancein a50-yeartime period.Inelastc demandatios(IDRs) werecalculaedfor
theelementsof thebuilding. In thetower, where inelastc demandsverethe highest, the IDRswerein
exces of 3-0 for theunreinforced masonrywalls. At thisleve of inelasticdenand,significantdamage
would occur.Typical interstorydrift ratiosvariedbetweerD-1 and0-6%. At this level of drift, damage
is possiblein the exteriormasonrywalls, terracotta,partitionwalls, historic fabrics andall rigid/brittle
non-gructural systens. The stoty acceleationsweregeneraly betweerD-6 and1-0g. At thetop of the
building, the whipping effect of the tower increasedstory acceleationsto 1-2g.

The resultsof the sesmic evaluaton indicatedthatthe building in its existingstatedoesnot satisfy
the sesmiclife safdy criteria estblishedfor the projectand needsto be strenghened.

9. ENHANCEMENT OF SEISMIC RESPONSE

The evaluationof the structurd performanceof the exiging building to seismiceventsrevealed
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Figure 14. Conceptuabetail of viscousdamperconnection

deficiencesin thelateral-forceresistirg system Thesedeficienciedncludeinsufficientstrengh of the
unreinforcedmasonryinfill, a soft-gory at the 24th floor, excesive lateral story accderationsanda
poorly-cefinedlateral-foiceload path Variousstrengthenig scheneswereproposedo mitigatethes
deficiences.Theseschemeéncluded areinforced-conceteshearwall schemeabasesolation with a

350
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Figure15. Plot of force—velocityresultsfrom prototypedampertest
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Figure16. LA City Hall seismicrehabilitation

Copyright 0 2000JohnWiley & Sons,Ltd. Struct DesignTall Build. 9, 3—-24(2000)

101IpUOD PUe S | 83 885 *[£202/60/2Z] U0 ARelqiaulluo MM ‘AIseAun 801y AQ ¥-Z:00'0'E<TT 1V.L-A1V::€>T:6(€00002)76.LT-660T(IDIS)/200T 0T/I0P/00 A8 | IMAReaq1jpuuO//SANY WO pAPeOiuMOa ‘T ‘0002 ‘v62T660T

ol ARiqipL

@5UB0 |17 SUOLLLLIOD 9AIER 1D 8 |gea|dde sy Aq peussnob afe sspie YO ‘8sn Jo Sajn Joy Akiqi auljuo A3|1IM uo



20 N. YOUSSEFETAL.

Figure17. Photograplof HDR bearingsinstalledundertower walls

limited reinforced concete shearwall scheme,and a reinforced concreteshearwall with steel
superbrae schene.

The reinforcedconaete (RC) shearwall sysem consiss of adding new RC shearwalls to
supplenent the existing lateral systemof the building. The RC shear-wadl with steel superbrace
systemconsiss of newsteel super-bracgcoupkedwith new RC sheawalls to suppementthe exiging
masonryinfill andsteelframe sysem. Thesepropo®d convertional schemesncrea® the building’s
strengthand stiffness which restts in a highe level of seisnic demandon the structure

Thebaseisolationwith limited RC shearwall schemeconsstsof seisnically isolating the building
at the baseand addingnew RC shearwalls. Baseisolation effectvely decouges the building from
groundmotions, greatlyreducingthe level of seismicforce transkrredto the superstucture.The RC
walls add strengh, re-didribute seismicovertumning forces, stiffen the supestructureincreasng the
effectivenessof the isolation sysem, andimprove the lateral force load path.

Theseschemesvereevaluaed by analyshg thereslts obtainal from responsespectrum analyses
The resuts indicatedthat the conventioral strenghening schemesdo not significantly redu@ the
maximumstory accel@ation in the building andactualy amgify the acceleationsat the top of the
building. The base-isolion schemesignificantly reducedthe acceleratios throughoutthe height of
the building.

Figure 11 conpares the story accderations from the three schemes All of the proposd
strengthemg schemesedued the interstoy drift. A comparisonof the intergory drifts from the
different schemess shown in Figure 12. The resultsof thes analsesindicatedthat only the base-
isolation schene waseffective in redudng interstog drifts andstory acceleations.
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Figure 18. Photograptof HDR bearinginstalledunderstand-aloneolumn

Stoly accderationsareanindicator of building performanceasnon-stucturalelementsandbuilding
contentsaresensiive to variatiors in acceleationlevels In termsof the seisnic goalsestblishedfor
this project,storyaccele@ationhasadirecteffectonthe preventionof failing hazardg, insurane of safe
means of egressjntegity of the exterior facade, and the protection of the histoiic interior fabric,
emegencytelemmmuntation systemsand building contents. As the only propod strengttening
schemeto mitigate the excessivestory acceleationsin the building, the base-islation schemewas
deteminedto be the mosteffective

10. ISOLATION SYSTEM

Theplaneof isolation is locatedjust belowthe basemetleve andabovethe exiging foundaion. The
isolaton sysemwasdesignederthe 1994UBC provisionsfor seismicisolatedstructures It is noted
thatthecomponentf theisolaion systemweredesignedrior to theintroductionof viscousdanpers
into the sysem. Thus, the loadng conditions (maximum dispgacement maxmum shear and
maximum axial force) usedin the designof the isolator units excea those from the final (hybrid)

sysem. This 11 “over design”providesan addtional level of safetyto the building.

The isolation systemconsiss of 416 high-dampng rubber(HDR) beaings, varying in sizefrom
29-5t0 51-2in. diameterand90flat sliding bearingsThe HDR bearingsvaryingin heightfrom 9-6 to
16-6in. The sliding beaingsarecomposedf ateflonpadmountedon a natual rubbe beaing, anda
stainkess-steesliding plate. The overdl heightof the sliding bearing,excluding the sliding plate, is
4-8in. The sliding bearingssuppot lessthan 10% of the total building weight.
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22 N. YOUSSEFETAL.

An uplift criterion was developedthat limits the maximum uplift dispacemnent to 0-5in, and
specifiegshe numberof isolatorsthatcanuplift atanygiveninstantin time. The HDR bearingshavea
very limitedtensioncapadty andcannottolerae a tensiondisgacementof 0-5in. without sustining
damageA loose-boltconnectiordetailwasdevelopedhatallows uplift to occurwithout loadingthe
bearingin tension

A rigorousted regime wasdevelopedor the prototypeted phase Theresultsfrom thesetestswere
usedto determne the bearingpropeties usedin the analysisanddesig of the isolation systemand
superstucture. The hystersisloop of a 1200-mm diameer prototype bearingis shownin Figure 13.
Bearingstability at a maximumlateral disgacementof 21in. wasalsoverified by tests.

11. SUPR.EMENTAL DAMPING

Nearsourceground motions are known to manifestthemséves as short-duration, large-amplituce
(large-pulse)motions.This type of groundmotionresultsin excessie disdacemens for base-islated
structures. To providesafetyagainsthis type of groundexcitation,viscousdanperswereintroduced
into the base-islation strengthemg scheme.

Theviscousdampersarelocated atthe plare of isolation andbetweenthe 24thand25th floors. The
dampersat the plane of isolation increa® the energydissipaton capacityof the isolationsystemand
thus,redue@sthe energytrarsmittedto the superstructue. The dampersn the tower adddampng to
the highe modesof the building respnseand reducethe whiplash (due to the large massof the
pyramid) at the top of the tower.

Fifty-two viscousdampers26 in eachdirection, will be instaled at the planeof isolation. These
damperdridgethe planeof isolaton, i.e. oneendwill beconnetedto thefoundaion andthe otherto
the underside of the basemenslab. Figure 14 showsa concetud detadl of the viscous damper
connetion. The dampershave a mid-groke length of 143in., a force-rakd capadty of 300kips at
50in/se¢ anda strokeof +21in.

Twelve viscousdanpers,six in eachdirection will be instaled betweenthe 24th and 25th floor.
Thesedanpershavea force-ratedcapaity of 225kipsat 10in.s *, astrake of +4in. andamid-stroke
lengthof 46in.

Full-scale prototype 225kip danpers were cyclic-load and drop testedto verify the damper
propeties in the prototype test phase The resuts from the cyclic-load and drop testswere well
correlated. Theresuts areshownin Figure 15.

At the concluson of the designphase the scalingof the groundmotions usedin the designwas
revisitad. Thiswasdoneto allay ‘post-Northridge’ concerngegardng the efficacy of baseisolation to
largepulsegroundmotions.Selectedyroundmotionswerescakdto 1997UBC codelevds. Nonlinear
time-historyanalysesvereperformedusing theserecads. Theresultsof theanalysesndicatedthatthe
maximumdisplaementatthe planeof isolation waslessthanthemaxmum designdisplac@ment.The
viscousdanpersat the isolation planesubstantifly reduc the disgdacemens at this level. Also, the
consdous ‘over design’ of the isolation sysem at the early stege of the project ensuresthat the
integiity of the systemwill not be compromisedat this level of loading.

12. STRUCTURAL STRENGTHENING

The new RC shearwalls add strengthand stiffnessto the superstruaire, redistibute seismic
overtuning forces,andimprove the lateral-forceload path(Youssé et al, 1995)2 The newwalls are
locatad along the perimeterwalls of the tower extendng to the basenent and alongthe walls at the
North and Southendsof the mid-rise extending to the basemet The walls underthetowerare 24in.

thick at the basemenhlevel. Thesewalls redistibute the seismicovertuning forcesdevelopedn the
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LOSANGELESCITY HALL 23

tower and reducethe net uplift experiencedby the isolatorsunderthe walls. Figure 16 graphically
illustratesthe variouscomponerd of the strengthemig scheme.

The existingbasemendiaphragn will be denolishedandanew8in. thick concree diaphragn will
be construted. Demoition of theexistingdiaphragn providesaccessto the foundaton andsimpilifies
theinstalation of theisolators Thenewdiaphragn systentiesall of theisolatorstogeherandensures
prope force transkr betwee the superstuctureandisolation sysem.

A newhorizontalbracediaphragmwill beaddedattheroof of the mid-rise to facilitate atranser of
seisnic forcesfrom the tower to the new RC walls at the North and Southendsof the mid-rise. This
diaphragmcouplesthe newtowerwalls to endwalls of the mid-rise providing anaddtional load path
for the seismicforcesandreduceghe overtuning demandat the baseof the tower.

Limited diaphragn strengthemg will occur at various levels of the building to improve load
transkr betwee structurd elemants.

The exiging foundationsystemwill be strengthenedandindividual footingswill be strengthene
andtied togetherby a netwok of tie beams.

13. CONSTRUCTIBILITY

Thenew?24in. thick concetewalls atthebasemetlevel will also facilitatetheinstallationof theHDR
beaings locatad underthesewalls. Initially, these new walls will extend to the foundaton. Dowels
will beprovidedfor thetranser of the gravity loads from the columnsto thewalls. After construgion
of thesewalls, the pedegalsof the columnswill beremoved The gravity loadswill thenbetranskrred
to the shearwalls through the dowels The bearingswill then be instaled underthe columns. A
horizontal saw cut mug be mack in eachwall at the basemehlevel, to sepaate the wall from its
founddion. The loadswill then be transkrred back to the columnsand beaings. This techmique
redu@stheinstalation time consderably.Figure 17 is a photagraphof HDR beaingsinstalled under
the tower wall.

The spreadootings located underthe stand-alonesteelcolumnswill be enlagedandstrengthene.
Reinforcedconceetelifting blocksandbeans will be built appraximately 3 feetabovethe top of the
footings. Theexigding steelcolumnswill bestripped of its existingconcretecoverandwill beencased
in RC. Hydrauic jackswill be placedbetwee the lifting block and footing. Thesejackswill be
presurizedto transfertheverticalloadsfrom the column.The sectionof the steelcolumn betwee the
lifting blockandfooting will beremovedandanisolation bearinginstalledwith aflatjack. Theflatjack
will thenbeinflatedto a specfied axid load, relieving the load on the hydraulic jacks. Figure 18 is a
photgyraphof an HDR bearinginstaled undera stand-éone column.

To ensurestability of the building during instalation of the beaingsthe columnswill be laterally
braeduntil the newbasementliaphragn is construt¢ed. The building will belaterally bracedby the
perimeter and tower walls until all bearingsare instaled. Thesewalls will be horizontally saw-cut
below the basemenlevd to ‘release’ the building andactivate the isolation system.

14. CONCLUSION

Thedevelopnentof a performancebasedapprachapprgriatefor this projectwaspresented.Seismic
goak were establisled to satisfy the desired performanceobjectives of life safety and damage
mitigation. Thesegoalswere quantfied asspecificanalytica limit states

The resultsof the seismicevaluaion of the existing building revealed deficienciesin the lateral
force resistirg systemincluding insufficientstrengthof URM infill, a soft-gory conditionatthe 24th
floor, excessie stoly accderationsanda poorly definedload path.

Baseisolation suppementedvith viscousdamperswasdeterninedto bethe optimum strenghening
schemeébasedon the performancecriteriaadoptedor this project. This schemavasthe only onethat
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24 N. YOUSSEFETAL.

waseffectivein redudng interstoy drifts andstoryaccderations Viscous danperswereintroducedat
the plare of isolation to provide safetyagainstlarge pulse(nearsource)groundmotions.Additional
dampersarelocated at the 24th floor wherethe soft-gory condtion exists Thesedanpersreducethe
whiplasheffect(increasedstoryacceleations) atthetop of thetower. This final schemeaddressgthe
existingstrucural deficienciesof the building andsatisfieghe desiredseismicperformane objectives
of the City of Los Angeles.

The hybrid baseisolation and supplenental dampingschemeprovidesa level of life safetyand
damagecontrol that exceedghe level providedby convertional schenes.
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