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1，INTRODucnON

　　　　　Pfecast　concrd 嚀 construedon 　is　generally　dlaraclG亘zed 　by　thc　fabrication　and　assembly 　of

slm （加 1al　m   b鴒 ．　 Among 　its　major ◎onsi（lerations　iS　the　proper　10cation　of 　the　concrete 　and　steel

joh血…血 order 　to　provide　both　seismic 　resistance 　and 　oonstruc 丘on 　eMciency ・　Uhtil　recently ，　the駕 has

been　no 　method 　which 　could 　satisfy 　both　conditions 　at　the　same 　time．　 In　view 　ofthis
，
　this　study 　aims 　to

invesdgate　the　pe面   nce 　of 　a 爬   ve 且y 鵬 w 　type　of 　oomection 　in　precast　concrete 丘ame ・type

stmctures ．　 Here，　oonc 圃 e　jo血 s　a鵜 situatcd　at　m   ber   ds　and 　reinforcing 　bar　jo血 s　at　portions
where 　design　stresses 　arc 　sma1L

　　　　　T1虹s　study 　is　the　third　in　the　series　of　experirnentS［1，
2】done　regardi 皿g　tho　shea 田r　capac 辻y　of

precaSt　concrete ◎o且umns ．　Such　shea 亅r　forces　cou 且d　bo　rcprescnted 　by　the　occu π ence 　of 　earthquake

mov   幡 ．　 Th。 鰍 Imd　the　s  ond 　in肋 s。des 蚓 t 舳 the　shear 　perforrnance　of 　centrifUged

precast　oolumns 　and 　ord 血ary　prGcast◎olumns 　with 　lapP血g　joirrts　under 　shear 　forces，　respectively ・　In

this　study
，
　its　mail 　objective　is　to　detem血 e　the　eff Ct　of 　varying 　the　shear 　reinforoemenrt 　ratio 　tO　the

seismic 　perfbrmance　ofprecast 　concrete 　co 且umns ．

2，SPECmmS 　AND 　CONSTRIUC
’
IION 　PROCEDURE

　　　　　At （畑 of 　8　colu   s鯉 c   e鯔 were 鋤 h《綱 ：5　precast　concrete 　and 　3　monolithic ．　 These

specimens 　w 釘 e　su 切  ted　to　cycHc 　shear 　fbrces　and 　high　oons 聾mt 　aXial 　loads．　 In　the　actual 　dcsign
，

orclinary　Streng血 bars　are 　used 　fbr　main 　bars．　But　in　the　test
，
　high　streng 血 bars　werc 　us ¢d　to　make 　the
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specimens fhi1 in shear, Figure 1 shows a layout of  the
column  specimens  while  Table 1 depicts their co1umn

specincati(ms. 20-D22  bars were  used  as rnain bars and
were  arranged  around  the perirrieter of  the co1umn  cross

seetion,  Alorigside ofeach  main  bar are  2-D16 lapping baTs
whose total cross  soc tional area  is sliglrtly greatcr than that
of  the rnain bar, Tl)e lapping length was  set at 30 times the
lapping bar diarneter. Tliereby giving a  lapped portion
equal to twice the 1apping 1ength. Nso, the ahutting

poshion ofthe  main  bars are  located at the midheiglrt of  the
co1um,  The specimens  generally vary  in the amount  of

1ateral or  shear  reinforcernent.  This is done by the yariation
of  the spacing  betweeri the 1ateral hoops, Thereby

producing specimens  with ordinary  shear  reinforcernerrt

ratio  of  around  O,6% to a  very  high ratio  of  around  1 .5%,

     The precast concrete  column  specirnen is cast in the
fo11owing manner.  First, the bar cages  composed  of spiral

steel sheaths,  lapping bars and  closed  welded  lateral hoops
are  assernbled.  It is than placed inside the colurrm

formwork and  the concrete  is cast  in a  horizontal rnanner.

Once the concrete  has set, the formwotk is remoyed.  Next,
the co1umn  is poshioned in a  manner  in which  the main  bars
protruding from the previously rnade  lower beam coincide

with the sheaths inside the column,  This is then lowered.
thcreby inserting the lower main  bars into the sheaths

through  bs bottom, lhe omside  ponion ofthc  colurnn  base
is then sealed with high strength mortar,  After the mortar
has completely  set, the upper  main  bars are  theri inserted
into the sheaths through  its top. Then, the partially precast
upper  beam is positioned accordmgly.  Merwhich, the
unoccupied  spaee  between the spiral sheaths  and  the main
bars is filled at the same  ime  with high strength grout from
the bettom. Finally. once  the grout has completely  set, the
beam-columnjoint is cast using  ordinary  concrete.
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Fig.1 CelumnSpecimen

 Column SpecMcaticms

Specimen Hoop  Pw

Spacing
AxulLoad

3. MATERIAL  PROPEIrrIES

     Table 2 shows the test results of  the rebars,

concrete and  the grout･usod. As for the concrete,  it
confbrTns  with the specified  strength  Fc of  300 kgfTcm2 on
the ;rverage.  As for the gr(Nrt, test results sbow  a  very  much

larger value  than its specined  strength.

4. TEST  maTHOD

p tt Mlthi
C31PC32PC33PC34PC35PC31M

C33M

C35M

1501201oo8065O.63O.79O.95L191.46ool-I-i--

Common  bxDxh:  45 ernx45  crnx135  cm

    main  bars

  lapping bars
  lateral hoeps
coneretestrength

  grcutstrength
      sheath

: 20-D  !2 (SD 685)
:D16  (SD68S)
:DIO  (SD295A)
: 3oo kgfrcrni
: 6oo 1tgfrcm'
: diameter 34mm

 lugheight 2mm

                                        - th28

     [Ihe column  specirnens  were  subjeebed  to varying shear forces which  were  applied  continuously
in a cyclic manner  producing arrtisymrrEetric  bending rnoment  distribution while  being acted  upcm  by a
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controlled  by the fo11owing 1oading
                 Size Giede
history. Each colurnn speeimen  was

made  to (hift once  at a  drift arigte R  equal

to 1/soo, tm  twioe at R  of  1/4oo, 1/2oo,

constant axiat laad (60 kgf7crn2 =  O.2 Fc). Table 2 Material Test Rcsults
Tlie application of  shcar forCeS Were  (a)ReinfbrcingBars (kgi7cm')

Yo{tng's \ield knsile  Elongatien Rsmarks
Mo(in1us Stress Stress %

                 D22  SD685  1.86xl06 6,870

1/100 and  1/50 and  agaiii orice  at R  equal  D16 SD  685 2.02xl06 7,5oo

to l125. Figure 2 shows  the loadirrg Dlo  SD2g5A  1.87xlOti 3.720

8,920 13.5 Main

9,720 12.0 Lapping

S,310 28,O Hoop

setup. TItse colum  specimen is set using

oiljaCks  found on  b(nh sides  ofthe  upper  fo) conerete (kgf)rcm2)
andlowerbeams.  Here,tlreshearforCeiS specimen compres$ion Split(c)

 GrouttkgyCm2)

applied through  the horirorrtal actuator.

spechiedstrength  6oo

   Rclative displaoements bctween
the upper  and  lower bearns were

rneasured  using  displacernerrt transducers
located on  beth sides  ef  the spoetm.
along the heiglrt of  the specirncn, clip

gauges were  systematically  arranged  to

measure  lcrcal deformation. Also, the slip
between be  co1unm  and  de  bearn were
measured.  

'fllese

 gauges are sbown  in
Fig, 3,

C31PC32PC33PC34PC3SP30130129930228627,728.932,333,929.8

296294305

7 days28

 {lays

C31MC33MC35M

589681

24,922.624.0

 48  days

{first day of expt)

 77 days

(last day ofexpt)

728

74g

5. TEST  RESULTS  AND  DISCUSSIONS

5. 1 CRACK  PATrERNS

   For all the specirriens,  initial cracking  due to

flaxiire tocik plaoc wlien  R  was  lf8(X}. Progressiyc
cracking  on  the inhially damaged portion corrtinued
at Rrc1raOO as  well  as  the appearance  of  initial
shear  cracks exocpt  for C35P and  C35M  which

have the greatest nuinber  of  kucral hoops. N

speclt"en

e

Fig.2 LeadingSystern

RFIf200, shear  cracks  ccmtinue  to propagate, extencling  over  the
height of  thc column,  and  this continued urrtil RFI/100 where the
shear  cracks  became rampant.  Hcrvvever, as  seen  from Fig, 4, there

are less cracks  present for colurnns with a higher shear  reinforoemerrt

ratio Pw, Diagonal cracks  running  fiom corner to corner  can  already

be seen  at RFI150, havvever, thcy become less pronouncecl as  Pw

increases, Nso  at this stage,  the widening of  the shear  cracks

occurred  except  for columns  with high shear  reinfbrcernerrt  ratio

wherein  this tzx)k place at RFIf25. N  RF ln5, chippingoff  of the

c(mcrete cvver  anri  appearaiice  ef  rnore fine cracks could  be seen  on

precast concrete  columns  compared  to monolithic  colurnns,  However,'
wider cracks  were  present in manolithic  than in precast. For al1
                             Fig. 3
specimeris, thcy ad failed in slrear er bond.
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Fig.4 CrackPatterns

5.2 LOAD-DISPLACEMENT  REIATIONSHIPS

A'

     Figure 5 shows  curv ¢ s depicting the
relationship  between the applied  shear  force Q and

the horizontal displacemerrt or  drift angle  R. It can
be observed  that there is liule differerice in the overall
shape  ofthe  curves  which  shows  the sirnilarity ofthe
behavier of  the specimens  under  loading, The  cmly

diffbrence lies on  the maxirnum  shear  load. Also,
these diagrams generally feature a  shear"type  of

failure. However, bond splittirrg cracks  could  be seen
on  the sides of  the co1um.

     Figure  6 shows  the
enyelope  curves  of  the shear
foroe - dnft angle

relationships.  It can  be
observed  that the shear

capacity of  the specimen

increases as the shear

reinlbrcernent  ratio  Pw  is
increased ffom ordinary  to

high. Nso, it can  be seen

that the shear  capacity  ef  the

precast concrete  specrmens

are  generally higher than
that ofthe  monolithic  ones.

:,)a.lVIOOC35P Nl7tns

Q Q
lco 1oo

C31P C35P
4 H4 H

4 4

1co 1oo

Q:shearforce(tenfi

QR:diMangle(Vloo)Q
1oo 1

C31M C35M
4 " H

4 4

1oo 1oo

Fig.5 ShearFofz)e-DriftAngleCurves
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Fig. 6 Shear Force-Drift Angle Errvelope Curves

5,3 PARTIAL  DEFORMATION

     A  typical distribution ofshear  distonions and  curvatures are shown  in Fig. 7. Shear distonicms
tend to become large at the middle ponion ofthe  colurnns while the curvatures  are  seeri t6 be sirnilar to
the shape  ofthe  assumed  bending rnoment  distribution. Also, there is no  signifieant  imoe  between
precast and  mcmolithic  specimens  with regards  to their shear distonions an  t curvatures.

     Calculations using  such  shear distonions and  curvatures  give partial deformations due to shear
and  bendng, respectively. These deformations would  add  up  to the total deformatiom on  the column
which  is very  close to the actual re1ative displaoernatrt berwoen the upper  and  lcvwer beams at each
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cycle,  Such defbrrnation components

aie  shown  in Fig, 8. From  the
diagTams, it can  be sean  that at small

drift angles,  most  of  the deformation
is due to the bending comp(ment

becanse of  the presence of  initial
flexural cracks,  And as thc drift
angle inereases, the bendng
componcnt  decreases and  the shear

componerrt  gradually increases due to
the occurrence  of  shear  cracks.  Also,
the perceritage of  shear deforrnatian
is greater for specimens  with lesser

shear reinforcernerrt  ancl the curves  of

partial deforrnations of  precast and
monolithic  spocimeris  of  iderrtical
reinforcernerrt  scern  to coincide  as  the
shear  reinfbrcernerrt  ratio incieases,

1oo
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Shear Distortion and  Curvature Distribution

{gga
1oo

eeog

 oog

 4o

 20

 fitillXi i}aftF ma l7T(j8 ms
         cycle cyde
           dlffetentshearreTntorcementraUos

{vSo
{s# ggnS

 20tu

 H-t2111i futit nd l9Tcj8 ms
cyele

{g8ga

         cycle
 ;dentieal shear  relnforcement  ratlos

Fig.8 Partial･Defonnation

sgfig

         cycle

5.4 ULTIMATE  SHEAR  S'IRENGTH

     The  shear  capacity  of  co1umns  could  be calculatod  by the strength  equation given in the
Architectural Institute ofJapan's  Structural Desigri Guidelines [3] shown  belovv.

e. =  bjp.o.cote +  tan e(1 -p)bDv6B/2 (1)

This equation  is actually  based on  the Arch and  Truss Model Theory in stmctural  moc  hanics wherein

the left expression  is the one contributed by the truss mechanism  while  the riglrt expression  by the arch
mechanism,

-415-



Japan Concrete Institute 

NII-Electronic Library Service 

JapanConcreteInstitute

     Table 3 shows the ultimate  shear

strength calculations for both the A  and  B
methods.  For the precast concrete  specimens,

it shovvs  that the expemhental  results are

higher than the theoretical values  for both
methods.  However, for the monolithic

specimens,  the experimental  resu1ts sbow  a

slightly  lower value  for the A  method.

Therefore, it could  be considered  that the
ultimate strength  methods  proposed by the AIJ
both proved to be conservative representations
of  the actual  shear strength especially for the
procast concrete  type.

Table 3UhirrmeShearStrength

(tonf)
Specimen Calculated

USD  A  USD  BExperimental

 Expt./Calc.

USD  A  USD  B

C31PC32PC33PC34PC35P8L795,4I06.5114.9122.078.S85.893,2104,1116,892.7105.0113.8126.913LSL131.101.071.101.08L181221221.22L13

     Lastly, Fig. 9 shows  the behavior of
the shear  strength Q. against the shear

reinforcernent  iatio  Pw, From  the graph, it
could  be seen  that there is a  rough  agroernent

between the test results  and  the calculated

values  e"ccqpt  that the actual  capacity  for
precast concrete  columns  is greater.

C31MC33MC35M81.7106.5122.078.593.2116.880.81oo,51172O.99O.94O.961.031.081.00

6, CONCLUSIONS

     The  following could  be concluded

ffom the experiment  and  the analysis made:

a) The perforrnance of  ･precast concrete

colurnns  with lapping joirrts is generally
similar, or eVeri better, than  that of  monolithic

140t20

QsutcogeonO

   coco

ze

      oA e,e o,s 1 d,2

            Pw  ma)-USDMethodA
- - USD  Method B
O  Ptecast Concrete Speclmens
e  MonolithlcSpeclrnens

 Fig.9 UltimateShearStrengths

tAts

columns  with identical concrete  strength and  reinforoement,

b) The Arch and  Truss Model Thcory can  be used  in calculating  shear  strengths  of  precast concrete
columns  having ordinary  as  well  as  high shear  reinforoernent  ratios.

c) Also, the shear  capacdy  of  precast concrcte  co1umns  is higher than that ofm{molithic  columns.
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