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Behavior of Reinforced Concrete Inclined Column-Beam Joints
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ABSTRACT In recent years, many high-rise buildings have been constructed in irregular structural system with inclined col-
umns, which may have effect on the structural behavior of beam-column joints. Since the external load leads to shear and flexural
forces on the inclined columns in different way from those on the conventional vertical columns, failure mode, resistant strength,
and ductility capacity of the inclined column-beam joints may be different than those of the perpendicular beam-column joints. In
this study, six RC inclined beam-column joint specimens were tested. The main parameter of the specimens was the angle between
axes of the column and beam (90, 67.5, and 45 degree). Test results indicated that the structural behavior of conventional per-
pendicular beam-column joint was different to that of the inclined beam-column joints, due to different loading conditions between
inclined and perpendicular beam-column joints. Both upper and lower columns of perpendicular beam-column joints were sub-
jected to compressive force, while the upper and lower columns of the inclined beam-column joints were subjected to tensile and
compressive forces, respectively.
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Table 1 Specification of specimens
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Fig. 1 Failure modes of joint

Beam Column
1
Spec- lUpper (.owtc:r) Stirrup Longi. rein. bars|  Tie. rein. bars S Slope Vi | V" | Vigy | Vial | Vi
imens ongl. rein. bars (MPa) () | (N) | (kN) | (kN) Vi | Viny
.fby fs Sp f;y fty St
MPa)| P2 | " dmpa) A [mm)| ™ (MPay P | "¢ (MPa) A fmm) ™
J1,J2| 600 [0.0297]8-D10| 330 |0.0079] 50 | D6 | 600 [0.0473[8-D19| 600 [0.0129] 50 [D10| 49 | 90 1485.72[364.29(592.48/0.819(0.615

J3,J4| 600 [0.0297)8-D10| 330 [0.0079| 50 | D6

600 0.0513]8-D19

600 0.0129| 50 [D10| 49 |67.5485.72364.29592.48/0.819/0.615

J5,J6[ 600 10.0297|8-D10| 330 0.0079| 50 | D6

600 (0.06708-D19|

600 |0.0129] 50 |D10| 49 | 45 [485.72364.29/592.48/0.819/0.615

Where, f;,, : yield strength of longitudinal upper(lower) reinforcement of beam, p, : ratio of longitudinal upper(lower) reinforcement

of beam, n,, :
of stirrup, f.,, :

size of longitudinal steel bars in beam, f;,

: yield strength of stirrup, p, : ratio of stirrup, s, :
yield strength of longitudinal reinforcement of column, p. : ratio of longitudinal reinforcement of column, #,. :

spacing of stirrup, #; : size

size of

longitudinal steel bars in column, f,, : yield strength of tie bar in column, p, : ratio of tie bar of column, s, : spacing of tie bar, 7, : size

of tie bar, f; : compressive strength of concrete, Slope :
Note) 1) : reference 1
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Fig. 2 Geometry and reinforcing details of specimens
(unit: mm)
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Fig. 3 Location of LVDTs on the rebar (unit: mm)

Fig. 4 Location of strain gauges (unit: mm)
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Fig. 5 Location of LVDTs on the concrete

Fig. 6 Loading system

Fig. 7 Loading history of displacement
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Fig. 9 Moment diagram (unit: kN-m)

Fig. 10 Story shear force vs. column displacement curves
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Table 2 Test results
: Pmax Ama\x A A85%
Specimen| 1N | (om) | om) | com) | P2
I 85.71 58.6 28.5 89.5 3.14
8497 | 385 | -269 | -83.1 3.09
D 86.89 56.4 30.5 86.0 2.81
8193 | -365 | -30.0 | -81.5 2.71
" 82.30 57.4 28.4 90.5 3.19
7641 | 387 | 275 | -76.0 2.76
1 82.98 59.7 30.2 88.7 2.94
7567 | 384 | -30.1 -81.0 2.69
s 68.30 57.9 252 | 1024 | 4.02
6229 | 385 | 255 | -705 2.76
Is 68.27 58.1 268 | 103.5 3.86
-62.94 | -409 | 296 | -75.0 2,51

Fig. 11 Peak load vs. sloping angle of column

Fig. 12 Ductility ratio vs. sloping angle of column
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Fig. 17 Energy dissipation
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Fig. 19 VecTor2 modeling

Fig. 20 Analytical crack patterns by VecTor2
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