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ABSTRACT

Flat plate-column connections are susceptible to brittle punching shear failure, which may result in collapse of
the overall structure. In the present study, a new shear reinforcement for the plate-column connection, the lattice
shear reinforcement was developed. Experimental study for the lattice shear reinforcement was performed. Shear
strength and ductility of the specimens reinforced with the lattice bars were compared with those of unreinforced
specimens. The test results showed that the strength and ductility of the specimens with the lattice shear
reinforcement were improved by 1.37 and 9.16 times those of the unreinforced specimens, respectively. These results
indicates that the lattice shear reinforcement is superior in ductility to the shear stud-rail which is popular in U.S.
Based on the test results, the design method for the lattice shear reinforcement was developed.

Keywords : fiat plate-column connections, punching shear, lattice bars, shear reinforcement, ductility
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Table 1 Dimensions and properties of specimens

. L 1 Cy h d by Ta fy W fu(m
Re-b :
Specimens | o | um) | mm) | mm) | mm) | mm) | MPa) | MPa) P (MPa)
. Top 9D13, 8D10 _
S1 1800 250 250 120 90 1360 25.9 456 Bottom 7D13, 6D10
Top 15D16, 2D13 ]
S2 1800 250 250 120 90 1360 274 466 Bottom 11D16, 2D13
Top 2D16, 15D13 B
S3 1800 250 250 160 130 1520 25.9 484 Bottom 1D16, 12D13
Top 2D16, 15D13 B
S4 1800 640 160 160 130 2120 28.0 484 Bottom 1D16, 12D13
Top 2D16, 15D13 B
ShH 1800 400 400 160 130 2120 28.0 484 Bottom 1D16, 12D13
Top 17D10
SL1 1800 250 250 120 90 1360 274 585 Bottom 2%6D7 513
Top 17D14
SL2 1800 250 250 120 90 1360 274 579 Bottom 26D10 513
Top 17D12
SL3 1800 250 250 160 130 1520 25.9 587 Bottom 26D8 513
Top 17D12
SL4 1800 640 160 160 130 2120 28.0 587 Bottom 26D8 513
U Re-bars in longitudinal and transverse directions are the same, @ Yield strength of lattice bar
Table 2 Principal parameters
Material parameter Geometrical parameter
- Principal Shear Y
Specimens parameters reinforcement plpercent) ply (MPa) bo/d Cy /02 c /L(Z)
Top Bottom Top Bottom
S1 standard - 0.792 0.609 361 2.78 15.1 1 0.14
SL1 - Lattice Bars® | 0618 0.463 362 271 151 1 0.14
S2 P - 1.500 1.131 6.99 527 15.1 1 0.14
SL2 - Lattice Bars® | 1212 0.945 7.02 5.47 15.1 1 0.14
S3 bo/d - 0.800 0.598 3.87 2.89 11.7 1 0.14
SL3 - Lattice Bars® |  0.668 0.454 392 2.66 117 1 0.14
S4 /ey - 0.800 0.598 3.87 2.89 16.3 4 0.22
SL4 - Lattice Bars® |  0.668 0.454 392 2.66 163 4 0.22
S5 ¢/L - 0.800 0.598 3.87 2.89 16.3 1 0.22
" Reinforcement ratios were calculated for gross area, @ c=(c, +¢,),/2, © See Fig. 2
Table 3 Comparison of test results of shear-reinforced and unreinforced specimens
Specimens Strength (kN) Deformability (mm) Strength ratio™ Displacement ratio®”
S1 230.2 11.25
1.31 6.21
SL1 301.1 69.86
S2 316.8 7.86
1.50 11.06
SL2 4746 86.92
S3 443.2 7.24
1.33 3.18
SL3 590.3 23.05
S4 536.9 7.00
1.34 10.22
SL4 7174 71.56
Average 1.37 9.16%

M. @ The ratios were calculated by dividing the values of shear-reinforced specimens
by those of unreinforced specimens,
® The average of deformability ratio was calculated excluding SL3 whose test was early finished inadvertently
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Table 4 Test conditions of existing experiments

Tests Location of column Applied load”
Sherif and Dilger (2000) Interior + edge A%
) Hammill and Ghali (1994) Corner V +H
Shear stud-rail - -
Mortin and Ghali (1991) Edge V+H
Mokhtar et al. (1985) Interior v
Lattice bars Present study (Park) Interior A%

V'V = vertical load, H = horizontal load
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1. American Concrete Institute, Building Code
Requirements for Structural Concrete(ACI 318-02)
and Commentary(ACI 318R-(2), American Concrete
Institute, USA, 2002, pp.139~186.

Test Prediction
. Longitudinal Transverse V
Specimens| 1, V@ Viar Ve direction direction Vy V, pred Ve
(kN) (kN) (kIN) (kN) n ny n, n, (kN) (kN)
SL1 301.1 230.2 (S1) 1 2055 (S1) 70.9 4 1.10 4 1.54 741 78.2 0.91
SL2 4746 316.8 (S2)1211.3 (52) 157.8 6 1.70 6 2 741 164.5 0.96
SL3 590.3 443.2 (S3) | 331.8 (S3) 147.1 4 152 4 2 8.65 121.8 1.21
SL4 717.4 536.9 (S4) | 363.4 (54) 180.5 4 152 8 2 8.65 191.0 0.95
? Test results of specimens with no shear reinforcement, (3) = (1) - (2)
ZHE|A HEE 0185 RV HefRe| FMetszt 199



2. Nell Hammill and Amin Ghali, “Punching Shear
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