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Beam-Column Joint Shear and Bond along Beam Longitudinal Bars in Reinforced Concrete Frames

£ &% Jul fEe
ZhuJIANG, Kazuhiro KITAYAMA

Reinforced conerete cruciform beam-column subassemblages have been used for the rescarch of beam bar
bond characteristics. However such a subframe cannot reflect the interaction of bond deterioration along
beam bars within beam -column joints and beams. [n another aspect, the beam flexural strength and the mput
jointshear can be enhanced by the axial force developed in beams within a bay of [rames after beam
cracking. Then R/C beam-column subassemblages with two joints were tested. Following results were
obtained. (1) Joint shear, assuming that two beams adjacent to the joint were confined by columns,
increased to 1.3 times that of cruciform specimens. (2) Beam bars could be anchored in the compression zone
of a beam hinge region. (3) Bond deterioration along beam reinforcement within a joint and a beam
influenced each other. (4) Strain shift along bars in abeam contributed largely to beam yield deflection when
the bond condition was severe within a beam.
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forcement to the product of column width
and distance between top and bottom beam
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(a) Subassemblage Specimen
Table 1. Properties of specimens
> [ 1 I
. ) ) ) i T
Specimens L1 l 12 | M1 I M2 |11 I 2| B | ED; |
Shape ] ' E2:
—| + | ARERRII
w“‘\,EE"I ‘-|1‘
(a)Beam 2
Longitudinal Bars |5- | 3- S5- (3 |5 |3 |3
D16 | D22 D16 | D22 (D16 | D22 | D22
a[(mmzj 995 [1161| 995 [1161 | 995 [1161 (1161
P(%) 124|152 |1.24 |152 [1.24 {152 |152
Stirrups 3- 2- 3 2- 3- |2 2-
D10 | D10 | D10 | D10 (D10 | D10 | D10 i
@mm) 120 | 120 | 120 | 120 | 120 | 120 [ 120 ~  actuator |
I o
Pu(%) 0.71 |0.48 |0.71 {048 |0.71 [0.48 |048 ===
(b) Column | el 7ol N
; 2- D22 I Jiauad |18 1) IR
Total bars 12- D22 7 I i
alg(mml) 4644
Pe(%) 3.79 (b) Beam Specimen
0
Hoops 4-D10 Fig.l1 Loading Apparatus
@(mm) 100
Pu(%) 0.81 &
(c) Joint
Hoops 4D10 bollgs g3
Sets 3 il | -
Qw(mmz) 836 30 190 30'” a5 160 45<Ih
P 0.84 f——LZSO—J
wj (%) t Bem
Beam
_ (L1,M1.71) (12,M2,12,B)
@ :total area of tensile reinforcement, 2
a, :total area of longitudinal reinforcement,
P. :shear reinforcement ratio, 5 —
P :tensile reinforcement ratio, |12-D22 “’j &
P : gross reinforcement ratio, |
a, :total area of web reinforcement placed N R
between top and bottom beam reinforce- 350
ment in the joint, Column
P.; : ratio of total sectional area of lateral rein-

Fig.2 Member Sections
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Table 2 Material Properties

(a) steel
yielding | yielding | tensile | fracture
stress strain | strength | strain
kgf/em® i kef/cm® %

D10 4175 2326 5504 18.9
D16 3532 1838 5286 29.9

D22 3706 1884 5438 31.9
(b) concrete

compressive | tensile Ec

strength strength % 10°

kgf/em?® kef/fem® | kgf/cm®

L1,M1,J1.J2 436 32.9 3.48
M1,.M2 454 34.2 3.48
B 477 35.7 3.48

Ec : Secant modulus at one-quarter of the
compressive strength. ;
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(a) Specimen L1
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(b) Specimen L2
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(e)Specimen J1
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(g) Specimen B

Fig. 3 Crack Patterns at Test End
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Table3 Normalized Joint Shear Stress
Typ| Tyn | Tmp|Tmn| ap | an
(048] (0] [P:] [o0:]
EAST [EX.| 0.13 [ 0.13 | 0.18 | 0.17 | 1.38 | 1.30
JOINT |AC. [ 0.14 [ 015 | 020 | 0.20 | 142 | 1.36
5] AF. 1 012 1 012 | 016 | 0.15 | 1.33 | 1.25
WEST |EX.| 0.13 | 013 | 017 | 017 | 1.37 | 1.33
JOINT |AC. | 014 [ 0.15 | 020 | 0.20 | 1.42 | 1.36
AF. 1012 | 012 | 015 | 0.15 | 1.28 | 1.29
EAST [EX.| 0.16 | 0.16 | 0.19 | 0.19 | 1.20 | 1.19
JOINT |AC. | 0.17 | 0.18 | 021 | 022 | 1.21 | 1.21
12 AF. [ 015 | 0.14 | 0.18 | 0.17 | 1.20 | 1.15
WEST |EX. | 0.16 | 0.16 | 0.19 | 0.20 | 1.16 | 1.23
IOINT |AC. [ 017 | 018 | 021 | 0.22 | 1.21 | 1.21
AF. | 0.16 | 014 | 017 | 0.18 | 1.10 | 1.27
EAST [EX.| (0.12 | 0.12 | 0.17 | 0.16 | 1.41 | 1.33
JOINT |AC. [ 0.14 | 0.14 | 0.18 | 0.18 | 1.33 | 1.31
M1 AF. 1 0.10 | 0.10 | 0.15 | 0.13 | 1.50 | 1.35
WEST | EX. | (012 | 012 | 0.16 | 0.16 | 1.31 | 1.37
JOINT |AC. | 0.14 | 0.14 [ 0.18 | 0.18 | 1.34 | 1.31
AF. | 011 | 0.10 | 0.14 | 0.14 | 1.26 | 146
EAST | EX 0.16 0.19 1.19
JOINT |AC 0.17 0.21 1.23
M2 AF 0.14 0.17 1.15
WEST | EX 0.15 0.19 1.25
JOINT |AC 0.17 0.21 1.23
AF 0.13 0.17 1.31
J1 012 | 0.11 | 0.16 | 0.16 | 1.35 | 142
12 0.16 | 0.16 | 0.18 | 0.17 | 1.13 | 1.10

EX. : normalized joint shear stress of the specimens ,

AC. : normalized joint shear stress when both beams adjacent
to the joint were confined with the same force as that of the
middle beam of the corresponding specimen ,

AF. : normalized joint shear stress when both beams adjacent
to the joint were not confined,

7 y,p and 7 y,n:joint shear stress at beam yielding under
positive and negative loading,

rm,pand 7 m,n: maximum joint shear stress at the positive

and negative loading,
ap=tm,p/TYy,p; an=tmn/ty,n
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Fig.11 Strain Distribution along Beam Longitudinal Bar
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Table4 Components of Beam Yielding Deflection
ds ds of of d psj 3 psj d psb 0 psb dbb & bb & cal & cal d exp
mm | Sexp | mm | 3exp | mm | 3xp | mm | O¢xp | mm | dc¢xp | mm | Oexp | mm
(%) (3) (%a) (%) (%) (%)
ET | 0.1 1.2 3.9 50.1 19 24.8 0.1 14 13 16.9 73 94.2 7.8
L1 |WB| 0.1 12 39 52.0 2.1 27.6 05 6.6 05 6.2 7.1 93.4 7.6

EB | 0.1 1.2 42 52.6 1.8 23.3

0.5 6.7 02 1.2 6.8 86.0 79

W 0.1 13 42 56.7 1.8 24.8

0.1 1.6 1.0 13.4 72 97.8 73

ET 0.1 1.1 4.6 47.7 3.0 314

0.3 3.1 1.7 17.7 07 101.6 9.6

L2 |WB| 0.1 1.0 46 42.7 2. 253

0.1 0.8 L6 14.5 9.1 84.2 10.8

EB| 0.1 1.0 4.6 43.9 38 36.4 0.1 0.9 1.8 17.0 10.3 99.1 10.4
WI (.1 1.2 4.6 48.6 44 46.9 0.3 3.3 15 16.5 10.9 1164 94
ET 0.1 23 14 333 12 28.8 0.1 1.3 1.2 28.5 4.0 94.1 4.3

MLIWB| (.1 2.2 14 32.9 1.1 26.0

0.2 3.9 1.1 25.5 34 90.5 43

EB | 01 27 14 38.2 1.d 318

0.2 4.6 0.8 212 3.6 96.9 3

WIl 0.1 2.4 1.4 33.87 1.1 26.41

0.1 1.28 12 28.0 39 90.5 42

ET: values when top bars at the east critical section yielded; EB: values when bottom bars at the east critical section yielded;
WT: values when top bars of the west critical section yielded; WB: values when bottom bars of the west critical section

yielded.
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