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EFFECTS OF BEAM BAR BOND AND COLIJMNAXIAL LOAD ON SHEAR STRENGTH

IN REINFORCED CONCRWEINTERIOR BEttM・ COLllMN JOINrS

ShL哺 i MORITA11,Kazuhim KITAYAMA・ 2,A題o KOYAMA・3 and Tolnotaka HOSONO'4

ABSlRACT

The inJluences of a columa axial load and a beam bar bond within a joint on the shea! strengtb in
reinforced coDclete iDterior beat!.(plunn joints were studied. The decrease in tbe lever arn length at a
beam critical sectiou, which was caused by the beam bar boad dEterioration withi! a joitrt, resulted. i! the

decay of the story shear. The compressive collapse of the diagonal coucrete strut developed in the joint
panel. The diagonal joiat sbear howeve! could be carried by tbe surrounding corcrete of the diagoDal sttut
failed by the compression.
KEYWORDS : bean-colunD joilt, beam bar boud deterioration, columo axial load, story shear, ioint shear

1. INTRODUCTION

Many diagonal shear cracks and the concrete gpalling-off are observecl in a beae'column joint panel

of reinforced concrete buildiogs subjected to severe eartbquake motion. The joint failure such as this had

been considered to be caused by a joint shear. SbiohamD proposed however tbat the joint does not fail i! a

shear, but fails by the increase in the Oexural coopression at the beao critical section caused by the bond

deterioration along beam bars within a joint. Therefore the failure mecbanism of an interior beam'column
joint was investigated by the tests usiag six plane crucifolm subassemblage specimens.

2. OUTLINE OF TEST

2.1 SPECIMENS

Ploperties of specioens
are shown in Table 1. Section
dimensions and reinforcement
details are shown in Fig.l. The
sir interior beam'column joint
specimens with one'half scale
were tested. Section diEen'
sions and the specified concrete
strength (18 MPd were com'
mon for all specimens. The

Table I Properties of specimens

Specioens No.1 No.2 No.3 No 4 No.5 No 6

Colum ax ial
load (kN)

rat io

C

+833

0 33

T

-833

-0 33

V

+833
+0 33

C

■833

0.32

C
+833

0.33

T
-833

-0.33

Beao bar Top & botton : 4-D25 Top&bottom:7-D16

Jo int
hoops

2-D10090 3 sets
p.」 -0 45 %

2-D10060 3sets
p.j=0 57 %

Spiral steel none ex ist
Coonon Specified concrete strength F"=18 Pa

C:constant in compression, T:constant in tension, V:varying load
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column axial load and tbe
beam bar diameter were
chosen as the test parame'
ters. the column axial load
was as followsi tbe constari
compressive load of +833 kN,
tbe constaat tensile load of
-€33 kN and tbe varying loail
from -833 kN to +833 kN.
The beam bar iliameter of
D16 or D25 was used. The
beam longituiliDal bars were
reinforced by tbe spiral steel
of DB within botb a joint aail
beam hinge regions i!
Specimen No.4. Tbe joirt
lateral reinforcement was 3

sets of 2'D10 for all speci'
Eens. Properties of the steel
and the concrete are shown
in Table 2 anil 3.

Colun section (coooon)

Specioen No.4
spiftl reinforc€E€nt
along beaE bars

positive
loading:+

+psak under

氣  i:『
i13in

袢  
認 ::理:n

Joint section

Ｊ

■

Joint lateral
reinforcement
of 2-D10(,90

-peak under conpression
co口presslon

tension

○ __― ― start oF lst cγ cle

O ―――‐ end of ist cycle & start oF 2nd cycle

◎  ―――‐end oF 2nd cycle

Fig 2  Loading path for Specinen No 3

section

Fig. l Section dinensions and reinforoement details

Table 2 Properties of steel bar

E.: Young's Modulus ras obtained by tensile test
of steel bar

2.2 LOADING METHOD

The beam ends were supported by horizontal
roUers, while the botton of the column was eup'
ported by a mechanical hinge. The reversed hori-
zontal load and the column axial load were applied
at the top of the column. the coluron axial load was

controlled by the load, and a lateral force was con'
trolled by the story drift angle 0 for 1 cycle of l/400
radian, 2 cycles of 1/200, U100 and 1/50 radian, I
cycle of 1/33 radian and to the end after 2 cycles of
1/25 radian, The story drift angle or the column
axial load was kept constant while the other was
changed in Specimen No.3 as showo in Fig.2.

2.3 INSTRUMENTATION

A lateral force applied to the lop of a column,
the column axial load and the shear lorces of both

negativ€
loadins : -

*peak under

Story drift

diabeter
Yeild
stress

o,(MPa)

Tenslle
strength

σt(llPa)

Young s
Modulus

E3(CPa)ε。(%)

40.2

D10 142

165

151

168

Table 3 Properties of concrete

Coopressive
strength

o s 
(MPa)

Strain
at oE

r 
" 

(?6)

Tensile
strength

σt(MPa)

Young ζ
Modulus

Ec(GPa)

No.1 22 1 0 248 1 75 195

No 2 22 0 0 226 2.28 20.9

No 3 21.5 0 241 1 71 17.8

No 4 22.5 0 221 1 59 190

No.5 21.6 0 217 1 71 20 0

No.6 21.7 0.221 1.88 189

E": Secant oodulus at l/4or

Axial force
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beam ends were meas'
ured by load'cells. A
8tory drift, dellections of
both beams and the up'
per and lower column,
local displacements of
tbe joirt paDel ard the
slip of the beam bars at
tbe ceDter of a
beam'column joint were
measured by ilisplace-
ment transducers. The
strains of beam bars,
column bars aad the
joint lateral reinforce'
Dent were neasured by
strain giauges.

3. TEST RESIJLTS

3.1 GENERAI, OBSERVATIONS 
(d specimeo No'4 (e) specimen No 5 (0 specioen No'6

witb spiral steel Fig.3 crack patterns

The crack patterDs afte! the story drift angle of ll25 radian are shown in Fig.3. The diagonal shear

cracks occurred in tbe joint panel for all specimens. The diagonal crack angle to a beam axis of the speci'

mens subjecteil to tbe constant column axial load itr compression eomewbat stood up comparecl with the
speciEens subjected to the constant column axial load in tenaioD. The corcrete spalling'offwas observed in

strain (%)

0.02 0.04 0.06

teasured story drift 0 (radian)
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FiE.5 Components of story drift

(b) Specimen No.2 . (c) Specimeu No.3
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Fig 6  Story shear force ―
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story drift relationships

the joint panel for the specimens subjected to the compressive column axial load. More diagonal cracke oc'

cu6ed in the joint panel for Specimen No.3 under tensile column axial load than compressive column axial

load. The stress of a few beam and column bars yielded at the story drift angle of 1/25 radian for all speci'

mens. Therefore it was judged that the beam and column did not yield. The strain distributions of the joint

lateral reinforcement at the maxioum story shear force are shown in Fig.4. These strains exceeded the

yield strain at the maxiouo story shear force for all specimens. The contributions of the beam and column

detlections and the joint shear distortion to the story drift are shown in Fig.5 for Specimens No.1 and 6.

The deflection of beams and columns shared approxioately froo 60 to 90 % of the total story drift before

the maxi6u6 story shear force. However, the contribution of the joint shear distortion became large and

exceeded the hau of the total story drift aJter the EaximuE story shear force. Therefore, all specimens

eventually failed in joint shear regardless of the column axial load and the bearo bar bond condiiion,

3.2 STORY SHF,{R FORCE - DRIFT REI,ATIONSHIPS

The story shear force - drift relationships are shown in Fig.6. The initial stiffness of Specimen No.l
subjected to the constant column arial load in coropression srith the beam bar diaEeter of D25 was larger
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Fig.7 Joint shear stress - joint shear distortion relationships

職押獣盤墨ゼ職基tF肛

灘曇鸞 黒鷺 :‖

讐繊買鮮鮮盛誼警書i境:モ ::

specimens su● ected tO the constant colum■     o
轟 alloads in compresslon or tenslon with the

bealn bar diameter of D16 ta■ ed Specimens

選ふ組
df単

趣∬電il:Sttt鮮霊: 日『8

置ameter oF D25.nerefore it was,udged that

the coluEn axial load. ialluenced both the hysteresis cbaracteristics and the story shear strength for

beam.column subassemblages. The hysteresis characterbtics were almost similar independently of the

beam bar diameter aloong the specimens subjected to the same column arial load. The maxinum story

shear force of Specimen No.4 that had the beam longitudinal bars reinforced by the spiral steels within a
joint was larger than that of another specimens. However the di.ference aoong the maxioum story shears

was little. The inlluences of dilfereut beam bar diaEeters on the hysteresis characteristics were not ob'

served. The estiEation of the story shear capacity at the joiot shear strength computed according to the

provisions by Architectural Ilstitute of Japand was conservative to the measured story shear for all speci-

lnens.

4. DISCUSSION OF TEST RESULTS

4.1 JOINT SHEAR FORCE - DRIT'T RELATIONSHIPS

The joint shear force was computed in two Banners mentioned below. d The tensile force of the beam

bars was computed by dividing the beam bending BoEeDt on the critical section by a constant lever arm

length. The joint shear force is obtained by following equation.

v =Y-!-+M; -v. (r)

' i, it'
where Mu and I{r'ate bearo bending moEents ou the critical sections, ju and jr'are lever arm lengths oD the

beam critical section and V" is the Eeasured story sbear force. jt and jb' are the constant value of 7/8 times



to efrective depth of the beam section. b) Tbe
tensile force of the beam bars waa conputed
directly from the beam ba! straio measured
by strain gauges at tbe critical section. The
joint shear force is obtained. by followiag
equation.

Yt=Ea,o,+2a,'or'-V" e)

where ar ancl ai are tbe sectional areas of the
top and bottom beam bar, o. and o.' are the
stresses of the beam bar ou the critical sec-

tion computed by the measured strains
through Ramberg'Osgood Model. The joint
shear stresses of Specimens No.l and 6 frolo
Eqs.( and (2) are showu in Fig.?. I'he joiut
shear stresses were computed by dividiag ttre
joint shear force by the effective sectiona.l

area of the joini panel that was tbe product

of the average width of the column and beam

multiplied by the column deptb. The skeleton
curve was shown for the joint ehear force
computed by Eq.(2). Eq.(l) had been used in
geueral, The joint shear stresses obtained by
Eq.(l) decreased a-fter the peak of the story
sbear force. OD the contrary the joint shear
stresses obtained by Eq.(2) increased to the
end of the test. The rclationships between
the joint shear stresses from Eq.(2) normal-
ized by a concrete coopressive strength, oB,

and the story drift angles at peaks of each

cycle are shown iu Fig.8. Since the joint
shear stresses increased successively for all
speciroens, the decrease in the story shear
force is not attributed to the joint shear.

4.2 BEAM BAR BOND

Story drift angle A (radian)

Fig.9 Beam bar stress - story drift relationships
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Story drift angle 6 (radian)

-0.1      -0_05        0 0 05       0 1

0 02      0 04      0 06
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joint ― story drift relationships
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The beam bar stress - story drift angle relationships for Specimens No.1 and 6 are shown in Fig.9.
The bond stresses along a beao bar within a beam'column joint for all speciEens are shown in Fig.10- The
average bond stress along the beam bars within a joint was computed by the dilference of the beam bar
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forces at the opposite column faces. Tbe
beam bar diameters little idluenced the
beam bar bond stress before the story driJt
angle of approximately 1/50 radian. the bond
stresses of specimens subjected to the con'
pressive columo axial load were larger tbao
those of the specimens subjected to the teD'
sile column axial loail. The bond stress along
the beau reinforceDent withir a joiDt de-
qeased after the stress reacbed the bond
strength althougb tbe tensile force in beam
bars at the bean critical section increased
successively. Then it was judged that the
bond deterioration along beam bars occuned
within a joint.

4.3 LEVER AIM LENGTH

The bond deterioration along beam bars
witbia a joint caused the iacrease in tbe
compressive resultant force on the beam
critical section. then this Eade tbe leve! aln
leogtb ofcoupled forces decrease on the beaE
critical section. The change of lever arm
length on the beam critical section is shown
itr Fig.U- The lever arm leugth, jt, waa coru'
puted by dividing the beam bending moment
on the critical section by the teDsile force of
the bean bars. The lever arm length had a
tendency to decrease Aom 78d (d: effective
depth of a beam section) for all specimens.
Tbe sti.ffness in the beam bar stress - strain
relation decreased sud.denly at the point A as
shown in Fig.9 wbile the tensile force of
beao bars iocreased to the end of the test.
Therefore the decrease in the bending oo'
Ioent on the beaE critical sections resulted in
the decay of tbe story shear force.

4.4 PRINCIPAI, STRAJN IN JOINT PANEL

The tensile principal strain - conpres.
sive principal strain relationships are shown
in Fig.12. The direction of the compressive
principal strain to the beam axis for Speci-
oens No.l and 6 are shown in Fig.13. The
principal strains in the joint panel were
coEputed by using average strains roeasured
by two horizontal, vertical and diagonal dis-

Story drift angle I (radian)

Fig. ll Change of lever arm length
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Fig 12  Tensile prinsipal strain ―

compressive principal strain re!ationships

placement transducers lespectively. The coopressive and tensile principal strains increased with the pro-
gress of cyclic loading. The stilTness of the joint shear force obtained by Eq.(2) decreased remarkably in the
joint shear force - drift relationships as shown in Fig.7. The joint shear distortion increased abruptly be-
cause of the increase in the principal strains. Ttre coropressive principal strain exceeded the strain of O.23%
at the concrete conpressive streogth. Therefore the joint failed in a shear through the compressive collapse
of the diagonal concrete strut forned in the joint paoel. The diagonal joint shear however could be carried
by the sunounding concrete ofthe diagonal strut failed by the coEpression as shown i! Fig.14. This is the



reasoD why the joint shear does not decreaae

thougb the joint fails ill a shear. The clirec'

tion of compressive principal strain increased

with the progress of cyclic loading, and

reached eventually approximately 60 de'
grees.

5. CONCLUSIONS

The conclusions obtaired i! this study
can be summarized as follows.

1) The columu axial load inf,uenced the
story shear strength for beam'column subas'

semblages. The estimation of the story shear

capacity at the joint shear streDgth clDputed
accoriling to the provisions by Atchitectulal
Institute of Japano was conservative to the
measured story shear for all speci-oens'

2) T1re joint shear obtailed bv Eq.@)

increaseil to the end of tbe test wbile tbe

story sbear force decreased after the toaxi'
Eum story shear force. The tensi.le force of
beam bars increased to the eDd of the test.

T1rerefore the decrease in the beam bar bond

stress within a joint was caused by the bonil
deterioration.

3) The sti.ffness of tensile bean bar
stress decreased suddenly at the point A as

shown in Fig.9 while the lever arm lengtb on

beam critical section decreased ir proportion
to the story shear drift. Therefore the de'

crease in the bending moment on the beam

critical sections resulted in the decay of the
story shear force.

4) The stiffness of joint shear force ob'

tained by Eq.(2) decreased remarkably in the
joint shear force - drift relationsbips. The
joint shear distortion increased abruptly be-

cause of the increase in the principal strains.
The joint shear could be carried by the sur-
rounding conclete of the diagonal strut failed
by the compression. This is the reason why
the joint shear does not decrease though the
joint fails in a shear.
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Fig. l3 Direotion of compressive principal strain

region of
coopresSlve
fa i lure

9Li r,.; i lYoyit,r,

-3 -2 -l 0

Compress ive principal strain ($)

+-

8ta

６
●
缶
ｏ
こ

ｃ
福
」
´
一

罵
〓
Ｏ
Ｅ
」
０

ｏ
，
一〇
〇
０
ヽ
Ｏ
Ｅ
ｏ
Ｏ
　
」
０
　
」
０
一ψ
ｏ
●
』
一一

（
ｏ
ｏ
」
ｕ
ｏ
「
）
　
Ｃ
一
●
』

，
０
　
一
Ｃ
ａ
一
ｏ
Ｅ
一
」
０

０
ン
一
一
り
０
」
。
Ｌ
ｏ
●
　
い
Ｏ
　
ｃ
〇
一
り
ｏ
ｏ
」
一
〇

90

80

70

60

50

40

30

20

l0
0

90

80

70

60

40

30

20

l0
0

∩
一 ▲

―

―

―

\,
joint shear carried
by surrounding concrete
of diagonal strut
failed by coopression

Fig. l4 Stress transmission in joint panel
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