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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. Copyright 2000 John 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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Figure1. Aerial view of Los AngelesCity Hall
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This paperpresentsa description of theprojectincluding thedevelopmentof seismicperformance
goals, identificationof inherentseismicdeficienciesof the existingbuilding, evaluationof the three
seismic rehabilitation schemes, the final design processandthe currentconstruction status.

2. BUILDI NG DESCRIPTION

The building hasthreemajor structural segments:the podium (sub-basementto secondfloor), the
midrise(third to ninthfloors)andthetower(tenthfloor to thetopof thepyramid).Thestructural frame
of thetowerextendsfrom below thetenthfloor, throughthemid-riseandpodiumof thebuilding to the
matslabfoundation beneath thesub-basementfloor. Similarly, themid-rise frameextendsfrom below
the third floor, throughthe podiumto the foundation level.

The gravity system of the building consistsof a concrete encased steel frame and reinforced
concrete slab/pan-joist floor system.The typical beam-to-column connection is a riveted ‘wind
connection’ that utilizes top andbottom seatangles.

The building wasdesigned in the early 1920’sprior to the enactment of explicit seismic design
requirements.Therefore, thebuilding wasnot specifically designedto resistseismicforces.Thus,the
building doesnot havea distinct seismic force resisting systemto providea well definedload path.
However, thereareanumberof structural componentsthat,althoughnotspecifically designedto resist
earthquake forces,participatein resisting these forces.

Lateral load resistancein the existing building is providedby horizontal diaphragms,perforated
unreinforced masonryinfill walls, lightly reinforced concrete walls and light steel bracing. The
unreinforced masonryinfill wallsprovidemostof thelateral forceresisting capability of thebuilding.
The infill walls occurat the perimeter of the groundthrough26th floors andaroundthe light courts
from thesub-basementto thefifth floor. Reinforcedconcretewalls occurat theperimeter of thesub-
basement andbasement floors,at the four cornersof the tower below the tenthfloor andat the top
levels of thetower. Thesteel bracingoccursat thefour cornersof thetower from thesub-basement to
the22ndfloor. Thesebracesconsist of light steelsections(2-Ls 6� 3 1/2� 1/2) abovethemid-rise.
The steel bracing was designedto provide lateral stability during erection.Belt trussestying the
corners of the tower together occurat the ninth and22ndfloors.

3. PERFORMANCE CRITERIA

Theperformanceof theLos AngelesCity Hall in earthquakesdepends on severalfactors thatarenot

TableI. Seismicperformanceobjectives

I. Protect and preservea historic monumentafter
major seismicevents

II. Preservecontinuity of governmentfunctionsafter
major seismicevents

1. Insure seismic safety/stability of the structural
system

1. Preservethebasicfunctionsof the building

2. Maintain integrity of the building’s exterior
façade

2. Insuresafemeansof egressfrom thebuilding

3. Preventfalling hazardsthat posea significantlife
safetyhazard

3. Insurethat life safetysystemsremainoperable

4. Protect historic interior fabric of the building
from damage

4. Protect emergency telecommunicationsystems
including tower,satellitedishes,etc.

5. Protect interior building contents, historic
artwork,ornamentaldetails,etc.

LOS ANGELESCITY HALL 5
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explicitly considered in code-basedapproaches,such as earthquake intensity, material properties,
quality of construction, structural configuration/irregularitiesandforce/deformationcharacteristics of
the lateralforce resisting system.Codetechniquesarenot capable of predicting damagelevelsor the
specificperformance of thebuilding. In addition, thestructural systemandtypeof constructionused
for the building is prohibited by current codes. Therefore, a performance-based approach was
developed, sincea code-basedapproachwasnot appropriatefor evaluatingthe building.

Seismicgoalsweredevelopedto establishperformanceobjectivesfor theevaluation of theexisting
buildingandthedesignof potential strengtheningschemes. Theseismic goalswere intended to satisfy
boththe life safety anddamagemitigation objectivesof theCity of Los Angelesfor thebuilding and
arepresented in TableI.

In order to evaluate the ability of the existingbuilding to meet the seismic goals, the goals were
quantified asengineeringcriteria. Theengineeringcriteria definedtheperformance goalsin termsof
specificanalytical limit states.Thequantificationof theseismicgoalsasengineeringcriteria wasbased
on specific rational analytical limit states,not on simplified code-based approaches, which are
inappropriate for this building. Theselimit stateswere determined using the latest researchdata
availableregardingtheseismicperformanceof existing buildingscombined with guidelinesdeveloped
for life safety protection anddamagemitigation.

The limit states were established for interstory drift, inelastic demand ratios for the various
structural elements and story accelerations. The interstory drift limit s are essentialfor maintaining
globalstability in thestructural systemby limit ing theP–D effects.In addition,earthquakedamagein
manystructural andnon-structuralbuilding systemscanbedirectlyassociatedwith theinterstory drift
the building experiences.Inelastic demand ratios (IDRs) represent a measure of the post-yield
deformationsof the structural members during a given earthquake. In orderto insurethe safetyand

Figure2. 5% dampedsitespecificspectrumand1997UBC spectrum
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stability of thestructural system, limi tationson theallowableIDRs arerequired. Storyaccelerations
affect the seismicperformanceof building contentsandnon-structural systems.

4. EARTHQUAKE GROUND MOTIONS

Theanalysisanddesign for theLos AngelesCity Hall seismicrehabilitation wasperformedin 1994–
1995basedontime-historyrecords,whichwerescaledto meet thesite-specific responsespectra.Site-
specific spectraweredevelopedthat accountfor near-fault effectsanddispersion effects for distant
events. Thedesignbasis earthquake (DBE) representsa 10%probability of exceedance in a 50-year
time periodandthemaximum capable earthquake(MCE) represent a 10%probability of exceedance
in 100 years.Figure2 shows a plot of the 5% dampedsite specificresponsespectrum andthe 1997
UBC designspectrum developedfor this projectby Dr Marshall Lew of Law Crandall Geotechnical
Engineers.Al thoughthesitespecificspectrum, developedin 1993–1994,is unconservative relativeto
the1997UBC spectrum, contingenciesin theisolation systemdesigncounteractthiseffectandwill be
discussedlater.

Seventime-history recordswereusedin theanalysisanddesign,andarepresentedin TableII. The
Petrolia groundmotion record, which governedthedesignof theisolation system, is shownin Figure
3. All of therecordswereamplitudescaledto matchthedesign spectrawithin thescaling window of
2�5 through4�0s.TheHollister andPacoimaDamrecordsaccount for thepotential near-faultactivity
at thesite.Recordedgroundmotion from the1994Northridgeearthquakeatsitesnearthefault rupture
provideevidencefor designconsiderationof near-sourceeffects.

5. MATERIAL AND DYNAMIC TESTING

In orderto determine the strength anddeformation characteristicsof the existingbuilding materials
andto determine the dynamiccharacteristics of the existingbuilding, material anddynamic testing
havebeenperformed.

A variety of in situ testswereperformedon the unreinforcedmasonry. In-placesheartestswere
performedonthemasonrywalls to determinetheability of theexisting brick andmortar to resistshear
stresses. Several flatjack tests were performed to determine the compressive strength and
deformability properties of the masonry. A typical stress–strain plot of in situ modulus test datais
shown in Figure4. Theresultsof thesetestswereusedin thedevelopmentof thecomputermodelsand
in the determination of the strength capacity of the existingbuilding.

Ambientandforcedvibration tests wereperformedProfessorGaryC. Hart of UCLA to determine
thedynamic, propertiesof theexisting building.Theambient vibrationtest measuredtheresponseof
thebuilding to vibrationsthatoccurat thebuilding sitedueto vehicular traffic, wind, occupants, etc.
Forced vibration testswereperformedusing a forcedvibration oscillator to vibratethebuilding. The

TableII. Earthquaketime history records

Groundmotion records

1. 1940Imperial Valley—El Centro
2. 1992CapeMendocino—Petrolia
3. 1989Loma Prieta—Corralitos
4. 1952Kern County—Taft
5. 1989Loma Prieta—Hollister
6. 1971SanFernando—Castaic
7. 1994Northridge—PacoimaDam

LOS ANGELESCITY HALL 7
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Figure3. (a) Petroliagroundmotion(0 deg.component)—1992CapeMendicinoearthquake;(b) Petroliaground
motion (90 deg.component)—1992CapeMendicinoearthquake
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forcedvibration testwasusedto determinetheresponseof thebuilding to high-level excitations.The
results of thesetestswereusedto verify the modeling assumptions madein the development of the
computermodelof the existingbuilding.

The ambient vibration survey was performed on the Los Angeles City Hall in May 1993. The
accelerometers recording the ambient accelerationswere placedon the 25th floor of the City Hall
building. The layout of the accelerometerson the 25th floor of the City Hall building is shown in
Figure 5. A seriesof sampleswere recordedduring this ambient vibration survey. Powerspectral
densities of the recordedaccelerationswereobtained from an on-site spectrumanalyzer.The power
spectral densityfunctionsof theaccelerationsrecordedfrom Channels2 and3 areshown in Figure 6.
The fundamental natural periodsof vibration of theCity Hall building determined from the ambient
vibration survey are listed in Table III . The vibration mode type is also identified in Table III.
Characteristicperiodsof vibration of theCity Hall building werealsomeasuredby inducingmotion
through the useof a seismicshaker. The fundamental natural periodsof vibration of the City Hall
building determined from this forcedvibration testarealsolisted in TableIII.

6. WIND TUNNEL STUDY

A wind tunnel study of the Los Angeles City Hall was performedby the Hart Consultant Group
(ProfessorHart with Dr JonRaggett) to determine staticequivalentfloor forcesandmomentsfor the
design of the structural frames.Thosewereusedasinput in establishingthe yield level of the base
isolators.Designwind speedsfor returnperiodsof 50years,475yearsand1000yearsweredetermined
from a statistical analysisof historical wind data,correctedfor thespecific site,from theLosAngeles
Civic Centeranda recording stationof theSouthCoastAir Quality Monitoring District. Wind forces
andmomenttimehistoriesontheLosAngelesCity Hall buildingweredeterminedusinga1:240scale

Figure4. Typical stress–strainplot of in situ modulustestresults
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aeroelastic model of the building and its immediate environment (1200 feet� 1200 feet) in an
atmospheric boundary layer wind tunnel.The model of the City Hall building undergoingtesting is
shownin Figure 7.

Wind-inducedbasesheartime histories,anda twisting-momenttime historyaboutaverticalaxisat
the building center were measuredon the building model. Theseforceswere measured for winds
comingfrom critical directionsat 15degreeincrements.Theseforceswerecomputed by combininga

Figure5. Layout of accelerometerson the25thfloor of the City Hall Building

Figure6. Powerspectraldensityof accelerationsfrom channels2 and3
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timehistory of wind loaddatafrom eachdirectionwith adynamic modelof thebuilding.Thedamping
ratio for the analysiswas set at 5% to reflect the behaviorof the building at theseload levels.
Therefore, these forces are static equivalent wind forces that incorporate the dynamic response
characteristicsof thebuilding whensubjectedto awind loading time history. Themeasuredforceand
momenttimehistorieswerescaledto full-scaleequivalenttimehistoriesandweredistributedoverthe

Table III. Natural frequenciesof City Hall from ambientandforcedvibration
tests

Modeof vibration Periodof Vibration (s)

Direction Number Ambient vibrations Forcedvibrations

North–South 1st 2�08 2�50
2nd 0�78 0�96
3rd 0�50 —

East–West 1st 2�38 2�27
2nd 0�89 0�86
3rd 0�53 —

Torsion 1st 1�09 1�19
2nd 0�62 0�69

Unknown 0�60
0�56

Figure7. Wind tunnelstudy

LOS ANGELESCITY HALL 11
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heightof the structureaccording to the 1991 California Building Code. Theseforcesand twisting-
moment time histories were used in theoretical dynamic analysis of the structure. Peak static
equivalentfloor forcesandtwistingmomentswereobtainedfrom theextremestructuredisplacements
computed in the dynamicanalysis(Hart et al, 1993).1

7. COMPUTER MODELS

The project consisted of three phases: PhaseI—Evaluation of existing building; PhaseII—
Developmentand evaluationof potential strengtheningschemes; and PhaseIII—Fi nal designand
analysis. Computer modelsweredevelopedand/or refined at eachphaseof the project.

Figure8. Isometricview of 3-D SAP90computermodel
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In PhaseI, linearelasticcomputer models weredevelopedto assesstheglobalperformance of the
existing andstrengthenedbuildings(PhasesI–III) . Thesemodels weredevelopedusingthestructural
analysiscomputerprogramsETABS (Habibullah,1989)2 andSap90(Wilson andHabibullah1992).3

A plot of anisometric view of the3-D SAP90computermodel is shown in Figure 8. Nonlinearfinite
element modelswere developedto determine the limit-state behaviorof the unreinforcedmasonry
infil l. Computermodels were also developedto perform nonlinear dynamic analysis for the base-
isolatedbuilding (PhaseIII).

The primary steel-frame skeleton,steelbracing, reinforced-concretewalls, unreinforced-masonry
infil l walls andconcretediaphragmswereincluded in the linearelasticcomputermodelsto simulate
the behaviorof the existing building accurately. In order to assessthe dynamic behavior of the
building, it wascrucial to understandthebehaviorof theexistingunreinforeedmasonrywalls.These
walls represent a significant portion of the overall strengthand stiffnessof the existing structural
system.Nonlinearfinite elementanalysis wasperformedon typical URM wall configurationsof the
building to determine their limi t-statebehavior (Youssef et al, 1994).4 Models of the variouswall
configurationsweredevelopedusingthecomputer programFEM/I (Ewing et al, 1990).5 Thematerial
model usedby this program accounts for the bi-axial stressstatesand pre-cracking behaviorof
masonry.Theseanalysesrepresent themostcomprehensiveanalytical approachfor theevaluationof
the limi t-statebehaviorof masonry.

Theresultsfrom theseanalyseswereusedto determine theeffectivestiffness, strengthcapacity and
effective deformationrangeof thetypical masonrywalls.A force–deformationplot from theanalysis
on a typical URM wall configuration is shown in Figure 9. Frame elements, in a crossbrace
configuration,wereusedto model themasonrywalls in thelinearelasticmodel. Thesectionproperties
of thesebraceswere determined from the resultsof the nonlinear finite elementanalyses.

In PhaseII, a linearelastic computer modelof thebase-isolatedbuilding wasdevelopedusingthe

Figure9. Force–deformationcurveof unreinforcedmasonryinfill

LOS ANGELESCITY HALL 13
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computer programETABS. The isolatorsweremodeled usingframeelementswith equivalent linear
stiffness. Responsespectrum analyseswereperformedto assesstheglobalperformanceof theisolated
building.

In PhaseIII, nonlinear time history analyseswere performed and computer modelsof the base-
isolatedbuilding weredevelopedusing the nonlinear dynamicanalysis computer programsLPM-BI
(Kariotis et al, 1992)6 and3D-BASIS (Nagarajaiah et al, 1991).7 In boththe3D-BASIS andLPM-BI
computer models, theplane of isolation is assumedto berigid, andisolatorsandslidersareexplicitly
modeled asbiaxial elements.In theLPM-BI model thesuperstructureis modeled using the stiffness
matrix determined from ETABS, assuming a base-isolated condition where the isolatorshave no
lateralstiffness. An idealized lumpedmassrepresentationof theLPM-BI modelis presentedin Figure
10. The 3D-BASIS model useseigenvaluesand eigenvectors from ETABS, assuminga fixed base

Figure10. Idealizedlumpedmassrepresentationof LPM-BI model
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TableIV. Existing building periodsof vibration

Period(s)

Modenumber Direction Ambient Forced ETABS SAP90

1 East–West 2�38 2�27 2�62 2�78
2 North–South 2�08 2�50 2�44 2�52
3 Torsion 1�08 1�19 1�24 1�39

Figure11. Plot of storyaccelerationsfrom proposedstrengtheningschemes

LOS ANGELESCITY HALL 15
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condition, to model the superstructure. Global damping is provided in the LPM-BI model using
Rayleigh’s massandstiffnessproportionaldamping(C = a0M� a1K), whereas3D-BASISusesmodal
damping.

Theviscousdampersat the isolation planewereexplicitly modeled in bothprograms.Theviscous
dampersat the24thfloor werelumpedinto a singledamperin theLPM-BI computermodel,between
the24th and25thfloors.The3D-BASISprogramwasnotcapable of modeling theviscousdampersat
the 24th floor. The LPM-BI computer model was usedto determine the nonlinear responseof the
isolation system. The 3D-BASIS computer model was usedto verify the results of the LPM-BI
analysis.

Figure12. Plot of interstorydrifts from proposedstrengtheningschemes
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A linearelasticcomputermodel of thebase-isolatedbuildingwasdevelopedusingthefinite element
computerprogramSAP90.Thiscomputer model wasusedto determinemember forcesandto evaluate
the overturning distribution at the baseof the building.

8. EVALUATION OF EXISTING BUILDING

A seismic evaluationof theexisting buildingwasperformedusingthelinearelasticcomputermodels.
The computer model of the existing building was verified by performing an eigenanalysisand
comparingtheresultswith thetestdataobtainedfrom dynamictestingof thebuilding. The resultsof
the eigenanalysis and dynamic testing are presented in Table IV. The periodsobtained from the
eigenanalysiswerefound to be in goodagreementwith the resultsof forced-vibration tests.

Responsespectrum analyseswereperformedusingthedesignbasisearthquake representinga 10%
probability of exceedancein a50-yeartimeperiod.Inelastic demandratios(IDRs)werecalculatedfor
theelementsof thebuilding.In thetower, where inelastic demandswerethehighest, theIDRswerein
excessof 3�0 for theunreinforced masonrywalls.At this level of inelasticdemand,significantdamage
wouldoccur.Typical interstorydrift ratiosvariedbetween0�1 and0�6%.At this levelof drift, damage
is possiblein theexteriormasonrywalls,terracotta,partitionwalls,historic fabricsandall rigid/brittle
non-structural systems.Thestory accelerationsweregenerally between0�6 and1�0g. At thetopof the
building, the whipping effect of the tower increasedstoryaccelerationsto 1�2g.

The resultsof theseismicevaluation indicatedthat thebuilding in itsexistingstatedoesnot satisfy
the seismic life safety criteria establishedfor the projectandneedsto bestrengthened.

9. ENHANCEMENT OF SEISMIC RESPONSE

The evaluationof the structural performanceof the existing building to seismiceventsrevealed

Figure13. Hystersisloop of 1200mm prototypebearing

LOS ANGELESCITY HALL 17

Copyright  2000JohnWiley & Sons,Ltd. Struct. DesignTall Build. 9, 3–24(2000)

 10991794, 2000, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/(SIC

I)1099-1794(200003)9:1<
3::A

ID
-T

A
L

141>
3.0.C

O
;2-R

 by R
ice U

niversity, W
iley O

nline L
ibrary on [22/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



deficienciesin thelateral-force-resisting system. Thesedeficienciesincludeinsufficientstrength of the
unreinforcedmasonryinfil l, a soft-story at the 24th floor, excessive lateral story accelerationsanda
poorly-definedlateral-forceloadpath. Variousstrengtheningschemeswereproposedto mitigatethese
deficiencies.Theseschemesincluded areinforced-concreteshear-wall scheme,abaseisolation with a

Figure14. Conceptualdetail of viscousdamperconnection

Figure15. Plot of force–velocityresultsfrom prototypedampertest
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Figure16. LA City Hall seismicrehabilitation
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limited reinforced concrete shearwall scheme,and a reinforced concreteshearwall with steel
superbracescheme.

The reinforced-concrete (RC) shear-wall system consists of adding new RC shear walls to
supplement the existing lateral systemof the building. The RC shear-wall with steel super-brace
systemconsistsof newsteel super-bracescoupledwith newRCshearwalls to supplementtheexisting
masonryinfill andsteelframesystem.Theseproposedconventional schemesincrease thebuilding’s
strengthandstiffness, which results in a higher level of seismic demandon the structure.

Thebase-isolationwith limited RCshear-wall schemeconsistsof seismically isolating thebuilding
at the baseandaddingnew RC shearwalls. Baseisolationeffectively decouples the building from
groundmotions,greatlyreducingthe level of seismicforcetransferredto thesuperstructure.TheRC
walls addstrength, re-distribute seismicoverturning forces,stiffen the superstructureincreasing the
effectivenessof the isolation system,andimprove the lateral force load path.

Theseschemeswereevaluatedby analysing theresults obtained from responsespectrum analyses.
The results indicatedthat the conventional strengthening schemesdo not significantly reduce the
maximumstory acceleration in the building andactually amplify the accelerationsat the top of the
building. The base-isolation schemesignificantly reducedthe accelerations throughoutthe height of
the building.

Figure 11 compares the story accelerations from the three schemes. All of the proposed
strengthening schemesreduced the interstory drift. A comparisonof the interstory drifts from the
different schemesis shown in Figure12. The resultsof these analysesindicatedthat only the base-
isolation scheme waseffective in reducing interstory drifts andstoryaccelerations.

Figure17. Photographof HDR bearingsinstalledundertowerwalls
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Story accelerationsareanindicator of buildingperformanceasnon-structuralelementsandbuilding
contentsaresensitive to variations in accelerationlevels. In termsof theseismic goalsestablishedfor
thisproject,storyaccelerationhasadirecteffectonthepreventionof failing hazards,insuranceof safe
means of egress,integrity of the exterior facade, and the protection of the historic interior fabric,
emergencytelecommunication systemsand building contents.As the only proposed strengthening
schemeto mitigate the excessivestory accelerationsin the building, the base-isolation schemewas
determinedto be the mosteffective.

10. ISOLATION SYSTEM

Theplaneof isolation is locatedjustbelowthebasement level andabovetheexisting foundation. The
isolation systemwasdesignedperthe1994UBC provisionsfor seismicisolatedstructures.It is noted
thatthecomponentsof theisolation systemweredesignedprior to theintroductionof viscousdampers
into the system. Thus, the loading conditions (maximum displacement, maximum shear, and
maximum axial force) usedin the designof the isolator units exceed those from the final (hybrid)
system.This 11 “over design”providesanadditional level of safetyto the building.

The isolation systemconsists of 416 high-damping rubber(HDR) bearings, varying in size from
29�5 to 51�2in. diameter,and90flat slidingbearings. TheHDR bearingsvaryingin heightfrom 9�6 to
16�6in. The sliding bearingsarecomposedof a teflonpadmountedon a natural rubber bearing, anda
stainless-steelsliding plate.The overall heightof the sliding bearing,excluding the sliding plate, is
4�8in. Thesliding bearingssupport lessthan10%of the total building weight.

Figure18. Photographof HDR bearinginstalledunderstand-alonecolumn
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An uplift criterion was developedthat limit s the maximum uplift displacement to 0�5in, and
specifiesthenumberof isolatorsthatcanuplift at anygiveninstantin time.TheHDR bearingshavea
very limit ed tensioncapacity andcannottolerate a tensiondisplacementof 0�5in. without sustaining
damage.A loose-boltconnectiondetailwasdevelopedthatallowsuplift to occurwithout loadingthe
bearingin tension.

A rigoroustest regimewasdevelopedfor theprototypetest phase. Theresultsfrom thesetestswere
usedto determine the bearingproperties usedin the analysisanddesign of the isolation systemand
superstructure.The hystersisloop of a 1200-mm diameter prototype bearingis shownin Figure13.
Bearingstability at a maximumlateraldisplacementof 21in. wasalsoverified by tests.

11. SUPPLEMENTAL DAMPING

Near-sourcegroundmotions are known to manifestthemselves as short-duration, large-amplitude
(large-pulse)motions.This typeof groundmotionresultsin excessivedisplacements for base-isolated
structures.To providesafetyagainstthis typeof groundexcitation,viscousdamperswereintroduced
into the base-isolation strengthening scheme.

Theviscousdampersarelocated at theplaneof isolation andbetweenthe24thand25thfloors.The
dampersat theplaneof isolation increase theenergydissipation capacityof the isolationsystemand
thus,reducestheenergytransmittedto thesuper-structure.Thedampersin thetower adddamping to
the higher modesof the building responseand reducethe whiplash(due to the large massof the
pyramid) at the top of the tower.

Fifty-two viscousdampers, 26 in eachdirection, will be installed at the planeof isolation. These
dampersbridgetheplaneof isolation, i.e.oneendwill beconnectedto thefoundation andtheotherto
the undersideof the basement slab. Figure 14 showsa conceptual detail of the viscous damper
connection. The dampershave a mid-stroke length of 143in., a force-rated capacity of 300kips at
50in/sec, anda strokeof �21in.

Twelve viscousdampers,six in eachdirection, will be installed betweenthe 24th and25th floor.
Thesedampershavea force-ratedcapacity of 225kipsat10in.sÿ1, astrokeof �4in. andamid-stroke
lengthof 46in.

Full-scale prototype 225kip dampers were cyclic-load and drop tested to verify the damper
properties in the prototype test phase. The results from the cyclic-load and drop testswere well
correlated.The results areshownin Figure 15.

At the conclusion of the designphase, the scalingof the groundmotions usedin the designwas
revisited. Thiswasdoneto allay ‘post-Northridge’concernsregarding theefficacy of baseisolation to
large-pulsegroundmotions.Selectedgroundmotionswerescaledto 1997UBC codelevels.Nonlinear
time-historyanalyseswereperformedusing theserecords.Theresultsof theanalysesindicatedthatthe
maximumdisplacementat theplaneof isolation waslessthanthemaximumdesigndisplacement.The
viscousdampersat the isolation planesubstantially reduce the displacements at this level. Also, the
conscious ‘over design’ of the isolation system at the early stage of the project ensuresthat the
integrity of the systemwill not be compromisedat this level of loading.

12. STRUCTURAL STRENGTHENING

The new RC shear walls add strength and stiffness to the superstructure, redistribute seismic
overturning forces,andimprove the lateral-forceloadpath(Youssef et al, 1995).8 Thenewwalls are
located along the perimeterwalls of the tower extending to the basement andalongthe walls at the
North andSouthendsof themid-riseextending to thebasement. The walls underthetowerare24in.
thick at the basement level. Thesewalls redistribute the seismicoverturning forcesdevelopedin the
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tower andreducethe net uplift experiencedby the isolatorsunderthe walls. Figure16 graphically
illustratesthe variouscomponents of the strengthening scheme.

Theexistingbasement diaphragm will bedemolishedandanew8in. thick concretediaphragm will
beconstructed.Demolition of theexistingdiaphragm providesaccessto thefoundationandsimplifies
theinstallationof theisolators. Thenewdiaphragm systemtiesall of theisolatorstogetherandensures
proper force transfer between the superstructureandisolationsystem.

A newhorizontalbracediaphragmwill beaddedat theroof of themid-rise to facilitatea transferof
seismic forcesfrom thetower to thenew RC walls at theNorth andSouthendsof themid-rise.This
diaphragmcouplesthenewtowerwalls to endwalls of themid-riseproviding anadditional loadpath
for the seismicforcesandreducesthe overturning demandat the baseof the tower.

Limited diaphragm strengthening will occur at various levels of the building to improve load
transfer between structural elements.

The existing foundationsystemwill bestrengthened, andindividual footingswill bestrengthened
andtied togetherby a network of tie beams.

13. CONSTRUCTIBILIT Y

Thenew24in. thick concretewallsat thebasement levelwill also facilitatetheinstallationof theHDR
bearings located underthesewalls. Initially, these new walls will extend to the foundation. Dowels
will beprovidedfor thetransferof thegravity loads from thecolumnsto thewalls.After construction
of thesewalls,thepedestalsof thecolumnswill beremoved. Thegravity loadswill thenbetransferred
to the shearwalls through the dowels. The bearingswill then be installed under the columns. A
horizontal saw cut must be made in eachwall at the basement level, to separate the wall from its
foundation. The loads will then be transferred back to the columnsand bearings. This technique
reducestheinstallation time considerably.Figure 17 is aphotographof HDR bearingsinstalled under
the tower wall.

Thespreadfootings located underthestand-alonesteelcolumnswill beenlargedandstrengthened.
Reinforcedconcretelifting blocksandbeams will bebuilt approximately 3 feetabovethe top of the
footings.Theexisting steelcolumnswill bestrippedof its existingconcretecoverandwill beencased
in RC. Hydraulic jacks will be placedbetween the lifting block and footing. Thesejacks will be
pressurizedto transferthevertical loadsfrom thecolumn.Thesectionof thesteelcolumnbetween the
lift ing blockandfootingwill beremovedandanisolation bearinginstalledwith aflatjack.Theflatjack
will thenbeinflatedto a specified axial load,relieving the loadon thehydraulic jacks.Figure 18 is a
photographof anHDR bearinginstalled undera stand-alone column.

To ensurestability of thebuilding during installation of thebearings thecolumnswill be laterally
braceduntil thenewbasementdiaphragm is constructed.Thebuilding will belaterally bracedby the
perimeterand tower walls until all bearingsare installed. Thesewalls will be horizontally saw-cut
below the basement level to ‘release’ the building andactivate the isolation system.

14. CONCLUSION

Thedevelopmentof aperformancebasedapproachappropriatefor thisprojectwaspresented.Seismic
goals were established to satisfy the desiredperformanceobjectivesof life safety and damage
mitigation. Thesegoalswerequantified asspecificanalytical limit states.

The resultsof the seismicevaluation of the existing building revealed deficienciesin the lateral
force resisting system, including insufficientstrengthof URM infill, a soft-story conditionat the24th
floor, excessive story accelerationsanda poorly definedload path.

Baseisolation supplementedwith viscousdamperswasdeterminedto betheoptimum strengthening
schemebasedon theperformancecriteriaadoptedfor this project.This schemewastheonly onethat
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waseffectivein reducing interstory drifts andstoryaccelerations. Viscousdamperswereintroducedat
the plane of isolation to providesafetyagainstlargepulse(nearsource)groundmotions.Additional
dampersarelocated at the24th floor wherethesoft-story condition exists. Thesedampersreducethe
whiplasheffect(increasedstoryaccelerations)at thetopof thetower. This final schemeaddresses the
existingstructuraldeficienciesof thebuilding andsatisfiesthedesiredseismicperformanceobjectives
of the City of Los Angeles.

The hybrid baseisolation and supplemental dampingschemeprovidesa level of life safetyand
damagecontrol that exceedsthe level providedby conventional schemes.
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