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ABSTRACT Two parallel wide flange built-up beams are widely used as struts in resisting lateral earth pressure because of the
effectiveness in structure and construction. In a certain structural system, the reinforced concrete columns are to be placed at the
intersection where two perpendicular beams cross each other, the square part of the joint being filled with concrete. In the punching
shear mechanism of the beam-column joint, the radial deformation caused due to shear cracking will be constrained by the spring
action of the squarely encompassed beam flanges. As a result, the punching shear strength of the joint concrete can be expected
to be increased. To verify this phenomenon experiments have been performed for various constraining elements and distances
between columns and constraints. Test results are compared with the approximation analysis formula which has been proposed in
this study, based on the code formula. The results calculated by the proposed equation show comparatively close agreement with
the punching shear strength detected from the test.
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Fig. 1 Two wide flange built-up beam
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Fig. 3 Truss model for punching shear
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Fig. 4 Two-way axial forces
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Table 1 Test specimen

Specimen| a b h ah Constraint types

JC-01 350 2.3 -

JC-02 | 300 2.0 -

JC-03 | 250 1.7 -

JC-04 | 200 1.3 -
300 | 150

JC-DI | 350 23 H-150%100%6x9

JC-D2 | 300 2.0 H-150%100%6x9

JC-D3 | 250 1.7 H-150%100%6%9

JC-D4 | 200 1.3 H-150%100x6x9
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Fig. 5 Configuation of specimen

Table 2 Mix proportion of concrete
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T | W/IC C

(MPa)| (%) |Cement] Water | Sand 04181 A dmixture
aggregate

24.1 | 472 | 347 | 164 | 877 950 1.04

Table 3 Material properties of reinforcement and plate

. E Yielding stress|  Strain(g)
Material (N/mm?) (N/mm?) (<107
Re-bar (D13) 203,425 568 2.79
Flange (PL-9) 240,054 371 1.55
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Fig. 6 Location of wire strain gauge
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(a) JC-01 specimen

(c) JC-03 specimen

(e) JC-D1 specimen

D

(b) JC-02 specimen

(f) JC-D2 specimen

(g) JC-D3 specimen

Fig. 8 Crack pattern at top and bottom

Table 4 Test results and predicted values

Shear strength (kN) | Test result | Central
Specimen /shear deflection

Measured |*Calculated strength (mm)
JC-01 213.6 205.3 1.04 6.2
JC-02 2132 205.3 1.04 8.2
JC-03 234.6 205.3 1.15 5.2
JC-04 246.8 205.3 1.20 3.4
JC-DI 474.8 330.0 1.44 6.0
JC-D2 495.5 330.0 1.50 6.3
JC-D3 473.5 330.0 1.43 4.5
JC-D4 573.6 330.0 1.74 3.4

*Punching shear strength according to design code
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Fig. 11 Load-strain curve at the center of wide flange
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Fig. 12 Load-strain curve at a distance of 150 mm from the wide flange connection
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Table 5 Comparison of test results and predictions

Specimen ah (1 0_6) g (1 0-5) Constraint Constraint . Test results Predicted Test results
force(P,) (kN) |area(4,) (mm") (kN) strengths (kN)| Predicted strengths
JC-D1 23 —583.8 1,489.5 390.0 1.50 x 10° 474.8 391.2 1.21
JC-D2 2.0 —546.9 1,536.8 426.6 135 % 10° 495.5 404.4 1.23
JC-D3 1.7 —427.8 1,366.0 403.2 1.20 x 10° 473.5 409.1 1.16
JC-D4 1.3 —411.8 1,502.4 471.2 1.05 x 10° 573.6 435.6 1.32
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Fig. 17 Ratio of test results to shear strengths predicted by
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