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BUILDING  DAMAGE  IN  2010  CHILE  OFFSHORE  MAULE  EAIU]HQUAKE

 NO.4  FOUiU'EEN  STORY  RESIDENTIAI.  BUILDING  IN  VINA  DEL  MAR

Chile Earthquake  RC  building Vifia del Mar

Seismicassessment Lateralcapacity Pushoveranalysis

Maule Region, approximately  400 km sollthwest  of  Vifia del
Mar. A  residential  building in Vifia del Mar  (Called Building F

hereafter) was  damaged in this earthquake.  The damage was

observed  at site two  menths  afier  the eaTthquake  and  its causes

were  inyestigated by numerically  analyzing  the buiiding.
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 Fig. 1 Pseudo Velocit},

 Response Spectra [l]

2, GENERAL INFORMATION OF BUILDING

 The inforrnatlon of  Building F is taken  from Reference [2]
and  [31. Building F is a 14 story reinforced concrete  building

  ?-ilTif-2/-iib? eeie  
9".,.rEtlaS'i,,',i'W'.,.:' .va  

-?- Ivasp 
WhiCh

 
was

't;

i

 
'.m.;i..,i

 
.",,".
 

'[i.i,･l'l#l;ri-{'iS

 :B"7Ztr.":t,Id,,:l'i
ife
 g;1 

ljM`i

 
i2"-"ma"'"-t

[
tfo.

 Ipe,:..t9
e

\.lli
",

 Nir' :'sri rX 
="Mlj

            y

   Fig.2 First fieor plan of  Building F
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     Fig. 3 Elevation ofBuilding  F
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      walls

foundation

  The  structural

  system  eonsists

  of  structural

walls  with  flat

slabs in both

longitudinal and

transverse

directions. The

structural  walls  are

arranged  almost

symmctricalry  in

plan with  the

exception  ef sorne

wall  openings  that
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Fig.4 Damaged  ]ocatiens on  tst floor

   Table l Darnage description

04

Lo;atian DamzedeE:rition

1!3t/VLtilledge[")shedlntheyerfi[altilre[t,op
Vert/[fi1re/nfDrzememtitEdebuEkled.

4CaverspalllngduetncDmpressionlntheyert1[aldlrectlom.
Minordemae,

5CaverisabDuttDspelldlietD[ampress/o71mthevert/czl
dlre[tion.Mlnordamae.

fiShezrcretksnextto-mndDvveerm,

T,E,IDVVallsfEiledInshear,SuppiementslwellsontwDfacescensrnl:tEd3ft!tl!eSEOczmeomti]eto."suff1:iEnl

nn:hsrae.

gAplnstithmgetorntedatrhenorths/tienfHmEnemil1
stzifitaseHtEa[hfiDDr.

vWe]Iedge[rushedimtheveditaldlre[tion,
Tmmenyveni[i:relmfor:ememtvvzsLapspllcedtumake
congestionHnd[Gn:retemaynutbavebEem:omsorldated.

WFnd,rane!werebrr,ken
1?WzlFhzsnorimmtalc,'a[ks,

1!,14Flnishlnmonalsalleti

lroWjndowpaneswerer.empletelvtskennutprnbabbedueta
hedamae.

16Flnishingmoma1spalfea.Added:olumncrushedin
tomresslonmEarthemupa.

11TheA'ellbehlrtitheelEvzto'haEmuhipedle;or.a/shear
rrztKS.

IBWal[edgeErushedmthevemb:a]d/rettmnneartheground.
Vertlznlrelnfmrce.mentztedebuckied.

lgFjmlshinmartaFEIosedtmtheroundsalled.

Structural walls

are  coupled  by

relatively deep

beams at several

locations over  the

height.

     Fig.4

   shows  the

   damaged

   location on

   lst floor.

   The damage

   descriptions

   correspond  .
   to the

   damaged

   location

   numbers  in

   Fig.4 are

   shown  in

   /lable 1

 Shear wall  thickness  was  300 mm  (1st-4th Floor), 250 mm

(5th-9th Floor), 200 mm  (1Oth-RooD. Longitudinal and  shear

reinforcement  ratio  of  the walls  is 1%  and  O,2%  respectively.

Slab thickness  is 130 mm  through  the height.

              Table 2 Wall ratio

Waillength,SL(m)W:Ftdengthratio,

SUA,..(11m)"igIFarea,SA(m!)Walrarearetb,SNAf..

Xdimecti[n eg.go OCP67255f O0274
Ydirectlan 93.20 aloog26.2S O,02B3

 Reinforcing steei type 
`A63-42H'

 has the yield strength of

412 Nlrnmi. Neminal  compressive  strength  of  concrete  is

25.0 Nlmm2  (converted foT OIOOX200  cylinder).

 Total weight  ofthe  building is 138 ]vnSJ, the total area ofshear

                           walls  of  first fioor js
 Table3Period  and  mode  shape  of  

.

                           54.69 m'  and  the
 first three modes  ofthe  building with
                           axial  force ratio,
 bearn (based on  Sec. 3.1)
                            N/AQi  is O.102.

                            [rYpical floor area  is

ModePeriodse:ondMDdeShae

1stttttO,731tttttt ×-ciirectiontranslationtt
2ndtt O.SR7tt Torsion
3rdO,S62Y-diiectimntranslatian
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930 m!  and  wall  ratio  in X  and  Y  direction is shown  in Table 2.

The period and  mode  shape  of  first thTee rnedes  ofthe  building

with  beam  are  shown  in Table 3

3, NUMERICAL ANALYSIS
3,1 Modeling
[/,-  The building was

 .X'
 modeled  with  frame

                             analysis  program

                             STERA3D  [4]. The slab

                             was  assumed  to be rigid

                             in axial  direction and

      Fig. 5 Model assumptien
                             have no  fiexural

stifftiess. Ai Distribution was  employed  for the venical

distributionofseismicloading.

  Vertical load assumptions  for live load is 300e N!mi (TYpical),
1000 NIm' CRoofi, 1000 NXm2  {Partition wall)  and  1000 Nfm2

(Finishing)

  STERA3D  is used  to evaluate  latera} eapacity  of  the bui]ding,

The stress-straln  relation  of  concrete  is a  bilinear model  with

slepe  O.OOIE, beyond f'. and  that ef  steel  is an  elasto-plastic

model.3.2

 AnaIyticaI resuIts

  Most shear  walls  in the longltuclinal direction (X-direction
hereafier) failed in shear  at the baseme"t or  first fioor. therefore

the numerical  results  in X-directiop is presented.

  The  capacity of  bui]ding in X-direction by STERA3D  is

compared  to  the base shear  based on  the yirtual  work  theery

assuming  the identical failure mechanism,  The  capacities are

close  to each  other  for models  without  bearns. Howeyer, beams
were  connected  shear  walls  to shear  wal]s  in reaLity, hence the

mode]  with  beams is considered  close  to the real  behavior, Fig.6
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   Fig. 6 Building capacity  (North bound loading)

3 Shear capacity  by AIJ equation
The lateral load capacity  based  on  shear  failure mode  ofwa]ls

was  computed  with  shear capacity  formu]a by AIJ, The tota1

base shear  capacity is O,634 and  O,437 for Eqs, (1) and (2),
respectively.

  JL=t.l.p.a,),cot"+;tane(1-fi)t.lwnvaB (1)

  Q,. =(O 
O,38,:'"'ii

 i{ll: :'C2)+o ssVp,. 
'cr..

 +o  lao,]'b, 
'j.
 

(2)

  As  shown  in Fig.6 the capacity  based on  flexuTe fai]ure mode

(Wall base) of  building is 24%  of  the building weight  while

capacity  based on  shear  failure mede  (All walls)  is at least 43%

of  building weight.  Therefore, the flexure failure modc  sheuld

be dorninant but the shear  failure of  walls  occurred  in reality.

The  difference is considered  due  to dynamic  effects.

  From  Table  3 the periodi of  first and  second  modes  are  close

to the period at peak yalue  efpseudo  velocity  response  spectra

which  the first mode  is X-translation and  second  mode  is torsion.
The  failure mechanism  mav  occur  in the combination  efthe  first                   i
two modes,  However  thc real  fhilure modes  cannot  be simulated

4. CK}NCLUSIowS

  Pushover Analysis seems  to be unable  to describe the causes

of  damage to the  building, Mereover, the period of  lst and  2nd

mede  are  close  to the period at peak value  of  pseudo veiocity

response  spectra.  Hence, the first and  second  modes  may  be

activated to cause  the shear  failure of  walls.  Therefore, it is

necessary  to have funher studies  in the future considering

dynamiceffects.
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