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第145号　（fiBZ…巨63年）

Bulletin　of　the　Faculty　of　Engineering，

　Hokkaido　University，　No．　145　（1988）

（　Transverse　Reinforeement　in　Joints　and　Beam　Ends　）

INFLIUENCE　OF　TRANSVERSE　REENFORCEMENT　XN
　　　　　JOENTS　ANg）　BEAM　ENDS　ON　TffE　BEffAVgOR　OF
　　　　　　　　　　　R／C　BEAM－COL（JMN　SI｛LJBASSEMBLAGES

Osamu　JoH，　Yasuaki　GoTo，　Takuji　SHIBATA

　　　　　　　　　　（Received　September　10，　1988）

Abstraet

　　　　　In　the　recent　earthquake－resistant　design　of　reinforced　concrete　frames，　the

importance　of　the　behavior　of　the　beam－column　joint　is　marked　since　the　weak

beam－strong　column　mechanism　is　recommended　in　general．　The　shear　failure　or

shear　cracking　in　joints　must　be　prevented　as　a　matter　of　course，　and　moreover　the

siippage　of　beam　bars　from　the　joint　should　be　also　avoided　because　it　will　reduce　the

energy　absorbing　capacity　of　frames．　To　avoid　such　slippage，　the　confinement　of　core

concrete　in　members　may　have　some　influeRce　on　the　limitation　of　the　deterioration　of

bond　stress．　Experimental　work　was　carried　out　in　order　to　de£ermine　the　influence

of　transverse　reinforcement　in　joint　paneis　and／or　the　connecting　ends　of　beams　on　the

behavior　of　R／C　beam－column　subassemblages．　The　test　results　showed　that　the

heavy　traRsverse　reinforcement　in　joints　reduced　the　slippage　of　beam　bars　from　the

joint　panel　and　eRhanced　the　panel　stiffness　after　cracl〈iRg，　and　that　such　reinforce－

ment　in　the　beam　ends　showed　iittie　effect　on　relieviRg　of　the　stiffness　degradation　of

frames　after　yielding．　One　of　specimens　that　was　treated　as　bondless　within　the　joint

region　of　the　beam　bars　developed　sufficieRt　ductility　but　low　energy　absorption．

1．　lntroduction

　　　　　Reinforced　concrete　interior　beam－column　joints　designed　in　such　a　way　as　to　develop

the　weak－beam　strong－column　frame　mechanism　under　lateral　loads　generally　have　flexural

yield　regioRs　at　the　ends　of　the　connecting　beams．　These　joints　have　a　tendency　to　show

undesirable　hysteretic　behavior　due　to　the　bond　deterioration　of　beam　bars　within　the　joint

paRels　during　severe　cyclic　loadings　after　yielding　at　the　adjacent　beam　ends．　ln　this　paper，

the　effect　of　heavy　transverse　reinforcement　in　joint　panels　and／or　in　beam　ends　on　improv－

ing　the　hysteretic　behavior　of　frames　is　discussed　on　the　basis　of　test　data．

Department　of　Architecture．
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　　　　　　　　　　　　　　　　　　　　　　　　　2．　ExperimeRtal　Work

Test　SPecimens　：　The　test　specimens　are　interior　beam－column　subassemblages　correspond－

ing　to　opes　extracted　from　the　intermediate　stories　of　reiRforced　concrete・multistory　frarr｝es．

Five　specimens　shown　in　Fig．　i　were　subjected　to　constaRt　axial　colkmn　loads　aRd　lateral　load

reversals．　They　had　a　cross　shape　with　no　perpendicular－direction　beam　and　no　slab，　and

about　a　half　scale　of　actual　frame　members．　All　specimens　were　designed　so　that　plastic

kinges　at　the　beam　ends　shou｝d　form　prior　to　flexural　yielding　in　the　columns　and　shear

failure　iR　the　beams，　columns　or　jeiRts．　The　columns　were　identicai　in　all　specimens　with
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cross－section　of　30cm　x　30cm，　a　distance　of　175cm　between　top　and　bottom　reaction　points，

a　longitudinal　reinforcement　of　14－Di3　with　a　gross　reinforcement　ratio　of　1．980／o　and　hoops

of　6rAm　in　diameter　at　every　5crxi　spacing　with　a　shear　reinforcement　ratio　of　O．370／o．　The

beams　were　fundamentally　composed　of　a　cross－section　of　20cm　x　35cm，　a　distance　of　300cm

between　two　loading　points，　longitudinal　bars　of　3－D13　wieh　a　reinforcement　ratio　of　O．600／o

at　ehe　both　top　and　bottom，　and　stirrups　of　6mm　in　diameter　at　every　10cm　spacing　with　the

shear　reinforcement　ratio　of　O．280／o　at　the　middle　parts　of　bearr｝　span．　The　beam　bars　were

passed　through　the　joints　and　the　ratio　of　the　column　depth　to　the　bar　diarr｝eter　was　23．

　　　　　Five　specimens　showed　variations　in　the　lateral　reinforcement　of・　the　joint　panels　and／

or　in　the　transverse　reinforcement　of　the　beam　ends．　As　the　first　variation，　the　three　type

of　lateral　relnforcement　in　the　joint　panels　were　provided　as　follows　I一

　　　　　’H’：higher　reinforcement　type，　where　spiral　hoops　and　spirai　ties　of　high　strength

steel　were　arranged　at　the　reinforcemeiit　ratio　of　1．160／e，　corresponding　to　the　requirements

of　NZS　3101－19822），

　　　　　’M’　：　middle　reinforcemene　type，　where　hoops　were　arranged　at　the　reinforcement

ratio　of　O．410／o，　applled　to　the　requirement　of　shear　reinforcement　for　colgmns，　other　than　the

special　requirement　£or　the　flexural　hlnge　reglons，　in　the　code　of　ACI　318－813），

　　　　　’L’　1　lower　reiRforcement　type，　where　hoops　were　arranged　at　the　reinforcement　ratio

of　O．210／o，　according　to　the　usual　practice　in　Japan．

　　　　　As　the　second　variation，　two　types　of　transverse　reinforcement　in　the　beam　ends　were

provided　as　follows：一

　　　　　’L’　：　lower　reinforcement　type，　where　stirrups　were　arranged　equally　to　the　mlddie　part

of　the　beam　span　atthe　reinforcement　ratio　of　O．28e／o，

　　　　　’H’　：　higher　reiRforcement　type，　where　stirrups　and　sub－ties　were　arranged　at　the　ratio

of　O．850／o，　three　times　the　ratio　in　the　lower　type　specimens．
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　　　　　The　specimens　were　named　for　the　combinations　of　the　above－mentioned　two　varia－

tions　1　for　example，　’HL’　means　a　specimen　which　was　arranged　by　higher　lateral　reinforce－

ment　in　the　joint　panel　and　lower　traRsverse　reinforcement　in　both　beam　ends．　The　speci－

meガMHUB’，　one　of’MH’types，　was　treated　to　be　bondless　within　the　joint　region　of　the

beam　bars　by　using　vinyl　chloride　pipes　for　the　purpose　of　clarifying　the　role　of　the　bond

capacity　beam－bars　within　the　joint　in　the　stress　transrnission　mechanism．　Table　1　shows

the　variations　of　the　speciTneRs　and　also　shows　the　properties　of　concrete．　Coixipressive

strength　of　the　concrete　was　from　261　to　287　kgf／cm2．　The　properties　of　reinforceme就were

shown　in　Table　2．　The　specimen　’Bl’　was　tested　in　another　experiMental　series　which　were

reported　in　detai｝　in　the　previous　paperi），　and　was　compared　in　this　discussion．　The　situa－

tions　of　this　specimen　was　identicai　to　’LH’　except　for　the　beam　width　of　15　cm，　the　axial

reinforcement　in　the　column　of　8－D13　and　the　transverse　reiRforcement　in　the　beam　ends　of

the　lower　type　specimen．

Loading　The　loading　arrangement　is　schematically　showR　in　Fig．　2．　Two　servoactuators

were　installed　vertically　connecting　the　tips　of　the　beams　and　the　reciprocal　loading　history

given　to　the　specimen　is　showR　in　Fig．　3　as　represented　with　the　story　displacement　aRgle．

The　axial　load　on　the　column　was　kept　constant　as　fc’bchc／6　during　the　test．

Instrumentation　The　dispiacement　at　the　selected　points　oR　the　beams　aRd　columRs　shown

in　Fig．　4（a）　were　measured　using　a　reference　frame．　Measurements　were　also　taken　on　the

shear　deformation　of　the　joint　and　the　beams　as　shown　in　Fig．　4（b）．　The　amount　of　slippage

of　longitudiRai　beam　bars　from　the　joint　and　beams　was　also　measured．
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3．　Experimental　Results　and　Discussion

Cracking　and　Failure　Crack　patterns　in　the　final　stages　of　the　specimens　are　shown　in　Fig．

5．　The　shear　cracks　in　the　joint　panels　of　’HH’　and　’HL’　with　the　higher　lateral　reinforce－

meRt　in　the　joints　were　dispersed　over　the　entire　joint　regions．　And　contrastively　the　shear

cracks　of　’LH’　with　the　lower　lateral　reinforcement　appeared　concentratively　as　a　few　wider

diagonal　cracl〈s．　No　shear　crack　occurred　in　the　joine　of　the　unbonded　specimen　’MHUB’．

These　specimens　failed　due　to　the　flexure　of　the　beam　ends　while　the　joint　was　not　fully

developed　to　the　ultimate　stages．　Only　the　specimeR　’Bl’　failed　due　to　joint　shear　under　the

large　deformation　forced　after　the　ultimate　strength　of　the　beams．　The　difference　of　the

failing　rr｝ode　of　’Bl’　from　that　of　’LH’　which　had　the　same　lateral　reinforcement　in　the　joint

might　result　from　the　narrower　beam　width　and　the　lesser　axial　reinfotcemene　in　the　midd｝e

depth　of　column．

Strength　The　sttmmary　of　the　test　results　and　the　comparisoR　with　the　calcuiated　values　are

showR　in　Table　3．　The　equations　to　obtain　the　calculated　values　are　presented　below　the

table．　The　calculated　values　of　the　shear　cracking　stresses　in　joints　are　close　to　the　test

values　independently　of　the　transverse　reinforcement　ratio．　ln　the　specimen　’MHUB’　with

unbonded　beam　bars　in　the　joint　paRei，　however，　the　shear　cracl〈　did　Ro£　occur　in　the　panel

though　the　test　vaiues　were　above　the　calculated　values．　The　reason　may　be　that　the

diagonal　tension　stresses　which　might　result　from　the　bond　stresses　of　the　beam　bars　and

column　bars　had　not　developed．

　　　　　All　specimens　failed　the　with　flexure　of　the　beams　and　the　ultimate　strength　ratios　of

the　test　values　to　the　caicu｝ated　values　lay　between　1．2　and　1．3　except　’MHUB’，　hence　it

appeared　that　the　beam　bars　reached　the　strain　hardening　range　at　the　maximum　loads．　The

reaso鍛why　the　ratio　of　MRUB’was簸ot　e曲aRced　so　much　may　be　that　the　strain　of　beam

bars　remained　smailer　eveR　at　a　large　deflection　of　the　frame　after　the　yielding　because　the

deformable　length　of　the　beam　bars　was　not　less　than　the　column　depth　and　the　uniform

teRsion　stress　occurred　along　this　length　uniformiy，　and　that　the　moment　arms　in　the
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Table　3　Observed　and　calculated　va］ues
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cross－section　of　the　beam　ends　were　relatively　short　because　the　beam　bars　in　the　compres－

sion　regions　at　the　column　faces　did　not　work　as　compression　bars　and　the　compressive　stress

in　concrete　was　duplicated．

Shear　Force　in　Column　vs．　Sto7　y　DeL17ection　A　ngle　Relations　The　relation　between　shear

force　induced　in　column　and　story　deflection　angle　in　each　specimen　is　shown　in　Fig．　6．　ln

the　figure，　the　loops　of　the　8th　cycle　in　which　almost　all　specimen　attained　the　ultimate

strength　were　shaded．　The　envelope　curves　obtained　from　these　Vcot－RB　curves　are　shown

in　Fig．　7．　The　ductility　factors　which　are　the　ratios　of　the　deflections　at　ultimate　strength

to　those　at　yielding　are　indicated　in　Table　4．　The　ductility　factor　of　the　specimen　’MHUB’

at　forward　loadlng　lool〈s　extremely　small　at　first　giance．　This　is　brought　about　from　the

fact　that　the　peak　values　at　reversed　loading　cycles　after　yielding　slightly　fluctuated　in　the

case　of　’MHUB’　and　the　maximum　of　peak　values　occurred　at　the　rather　small　deflection　as

a　result．　As　observed　iR　Fig．　7　it　can　be　said　that　all　specimens　had　good　deformability　in

the　re－estimation　from　the　view　point　of　the　limit　def｝ections　to　which　the　yielding　strength

was　held．　But　the　loop　shape　of　the　specimen　’LH’　showed　the　pinch　effect　clearly．　Fig．　8

showed　that　the　equivalent　viscotts　damping　factor　became　smaller　according　to　the　decrease

of　lateral　reinforcement　ratio　in　the　joiRt　paReis，　since　the　joint　shear　stiffness　degraded　after
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Tab｝e　4　Deformability

Specimen HH HL MH LH MHUB
　　Rン

i10㎜3rad）

十一 5．31

T．98

4．80

S．67

5．46

S．47

4．92

S．72

8．14

U．01

　R召

i10－3rad）

率一 32．4

R2．3

25．5

Q5．5

25．7

Q5．4

32．7

Q5．4

15．4
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μμ

十　 6．0

T．0

5．3

T．5

4．7

T．4
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T．4
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　Rノ

i10－3rad）
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@49．6

　53．2
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@52，8
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Story　drift　angle　at　yielding　of　beam　bars

Stery　drift　angle　at　ultimate　strength

Story　drift　angle　at　limit　deflection

Ductility　factor，　R．fR．

forward　loading

backward　loading

shear　cracking　in　the　joint　panels　and　the　slippage　of　beam　bars　appeared　after　shear

cracking，　as　mentioned　beiow．　The　equivalent　viscous　damping　factor　of　’MHUB’，　unbond

specimen，　was　the　smallest　at　all　steps　of　deflection．

Characteristics　of　・Deformation　A　superimposed　Mustration　of　the　skeleton　curves　in　the

relations　of　joint　shear　stress　vs．　deformation　is　shown　in　Fig．　9，　except　’｝IH’　and　’LH’　in

which　the　shear　deformation　measuring　was　defective．　The　shear　stiffnesses　of　’HL’　and　’Mll’

degraded　just　after　cracking　diagonally　in　the　joint　panels．　As　in　Fig．　7，　the　shear　deformation

after　cracking　became　larger　with　the　less　lateral　reinforcement　in　the　joint　panel，　it　was
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stress　一　shear　deformation　relations

shown　that　the　latera｝　reinforcement　could　relieve　the　stiffness　degradations　of　joint　panels．

　　　　　Fig．　10　indicates　the　relation　between　the　slippage　of　beam　bars　and　story　deflection．

The　slippage　was　the　relative　displacement　between　the　center　line　of　the　column　depth　aRd

the　referring　point　which　was　placed　on　the　column　face　on　the　beam　bars　before　the　test．

As　the　measuring　points　on　the　beam　bars　were　located　at　a　distance　of　4　cm　from　the　colurr｝n

faces，　the　correction　for　the　difference　between　the　measuring　points　and　the　referring　poiRts

was　made　usiRg　the　strain　of　beam　bars．　Properly　the　slippage　of　’MHUB’　appeared

si賦11taneously　with　the　begi登ning　of　Ioading．　The　slippage　of　the　other　specimerls　began

after　yielding　of　the　beam　bars，　and　the　amouRt　of　sllppage，　especially　during　pull－out　loading，

decreased　roughly　in　accordance　with　the　amount　of　lateral　reinforcement　in　the　joiRts．

Strains　in　Reinforcement　Fig．　11　shows　the　distributions　of　strains　along　the　top　bars　at

their　yielding　（corresponding　to　the　third　or　4th　cycle），　at　the　ultimate　strength　（the　8th　or

gth　cycle）　and　at　the　larger　deflection　（the　11th　cycle）　．　The　length　of　yield　region　measured

from　the　column　face　developed　larger　toward　the　beam　tips　as　the　transverse　reinforcement

in　the　bearn　ends　decreased，　and　penetrated　more　into　the　joint　as　the　｝ateral　reinforce　ment

in　the　joint　panels　decreased．　ln　the　case　of　’｝IL’，　the　lengths　toward　the　beam　tips　were　the

largest　and　extended　to　the　length　equivalent　to　the　beam　depth　of　35　cm　at　the　final　stage

of　loading，　and　the　lengths　penetrated　into　the　joint　were　the　smallest　and　less　than　one－third

of　the　column　depth．

　　　　　Fig．　12　shows　the　strain　distributions　of　colurnn　bars　at　the　same　height　within　the　joint

panels　compared　with　each　other　in　the　same　height．　The　strain　reached　about　一230　xlO－6

when　subjected　£o　£he　axiai　force　alone．　The　s£rain　distribution　curves　of　’MKUB’，　in　which

the　stress　transmission　was　mainly　composed　of　the　diagonal　strut　mechanism，　are　presented

as　groups　of　straight　lines　with　crossing　points　at　the　center　of　column　depth．　ln　the　strain

distribution　of　the　specimens　except　’MNUB’，　re｝atively　great　values　of　the　tension　strain

appeared　in　vertical　bars　around　the　central　parts　of　the　column　after　cracking　in　the　joint
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panels．

4．　Conclus量OI童s

The　following　conclusions　may　be　drawn　from　the　test　results　：

（1）　The　more　the　lateral　reinforcement　iR　the　joint　panels　was　provided，　the　less　the　slippage

　　of　beam　bars　from　the　jolnt　panels　resuked．　ConsequeRtly　the　pinch－effect　hardly　appear－

　　ed　on　the　shear　force　一　deflection　curves　of　subassemblages　lateraliy　reinforced　heavily　in

　　the　beam－column　joints，　and　the　energy　dissipating　ability　of　such　subassemblages　was

　　large．

（2）　The　amount　of　laterai　reinforcement　in　the　joint　panels　did　not　influence　oR　cracking

　　stress．　However，　the　shear　stiffness　of　the　jolnt　panels　after　cracking　was　kept　higher

　　with　the　heavier　lateral　reinforcement．

（3）　The　transverse　reinforcement　in　the　beam　ends　was　scarceiy　affected　on　improvement　of

　　the　bond　deterioration　along　the　beam　bars　within　the　joiRts．　But　it　had　a　certain　effect，

　　as　it　was，　on　relieving　the　stiffness　degradation　of　frames　after　yielding　because　the

　　reinforcement　confined　the　concrete　beams，　and　it　obstructed　the　deveiopment　of　yieid

　　regions　of　the　beam　bars　toward　the　beam　tips．

（4）　The　specimen　with　’unbonded　beam　bars’　within　the　joint　panel　showed　a　low　stiffness

　　even　on　the　elastic　region　of　the　frame　response．　However　Ro　shear　crack　occurred　in　the

　　panel　and　the　shear　stiffness　of　the　joint　panel　degraded，　because　the　shear　force　in　the

　　panel　was　transmitted　mainly　through　the　dlagonal　compression　strut．　The　ratio　of

　　ultimate　strength　to　yield　strength　was　not　so　much　as　compared　with　that　of　the　other

　　specimens，　but　the　deformability　was　the　same　or　more　in　the　unbonded　bar　specimeR

　　rather　than　in　the　others．

（5）　The　longitudinal　bars　arraRged　in　the　midst　of　the　column　depth　had　an　effec£　on　the

　　enhancement　of　the　shear　streRgth　and　shear　stiffness　of　the　j　oint．
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