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ABSTRACT

Many experiments have been performed to investigate eccentric shear strength and unbalanced moment-carrying
capacity of flat plate-column connections under combined gravity and lateral load. However, each existing
experiment used different test setup, and the shear strength of the connection was different depending on the test
setup. Current design methods which were based on the experimental results might not accurately explain the
shear strength of the flat plate. In a companion study, based on results of nonlinear finite element analyses, an
alternative design method for the plate-column comnection was developed. However, in this method, eccentric shear
strength of the connection which was required for assessing unbalanced moment-carrying capacity was evaluated
by an empirical formula. In the present study, a theoratical approach using Rankine’s failure criterion was
attemped to investigate failure mechanism of the eccentric shear. Based on the results, an improved strength model
of the eccentric shear ‘was developed, and it was verified by comparison with the existing experimental results. By
means of the strength model, the design method developed in the companion study was re-verified.

Keywords : flat plate, eccentric shear strength, unbalanced moment, failure mechanism
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Fig. 1 Comparison of strength models proposed by
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Fig. 2 Prediction of KCI (ACI) and Park & Choi for
existing experiments
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Fig. 4 Components of resisting moment at connection
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E-500-500-180-0.9-0.9-0 1.18 0.96 1.04 1.05 S1-150-150-180-1.2-1.2-75 | 1.14 0.78 0.64 0.83

E-500-500-180-0.9-09-25 | 1.20 0.96 1.00 1.05 S1-450-450-180-0.3-0.3-25 | 1.42 1.46 1.26 1.35

E-500-500-180-0.9-0.9-50 | 1.21 0.97 0.82 "~ 0.98 S1-450-450-180-0.3-0.3-75| 1.43 1.39 0.99 1.22

E-500-500-180-0.9-0.9-75 | 1.08 0.82 0.65 0.79 S1-450-450-180-1.2-1.2-25 | 1.24 0.99 0.96 1.04

E-500-500-180-1.2-1.2-0 1.18 0.98 0.97 1.03 S1-450-450-180-1.2-1.2-75 | 1.21 0.95 0.77 0.96

E-500-500-180-1.2-1.2-25 | 1.19 | 097 0.90 1.00 S52-200-200-180-0.3-0.3-25 | 1.51 1.50 1.13 1.33

E-500-500-180-1.2-1.2-50 | 1.20 0.95 0.80 0.96 S2-200-200-180-0.3-0.3-75 | 1.28 1.41 0.96 1.19

E-500-500-180-1.2-1.2-75 | 1.07 0.79 0.74 0.79 $2-200-200-180-1.2-1.2-25 | 1.22 0.89 0.80 0.94

C-300-600-180-06-0.6-50 | 1.23 1.12 0.88 1.09 $2-200-200-180-1.2-1.2-75| 1.13 0.82 0.67 0.86

C-450-600-180-06-0.6-50 | 1.28 1.08 0.85 1.05 S2-600-600-180-0.3-0.3-25 | 1.32 1.35 1.14 1.22

C-600-600-180-06-0.6-50 | 1.27 | 1.06 0.76 0.98 82-600-600-180-0.3-0.3-75 | 1.35 1.27 | 060 0.96

C-750-600-180-0.6-0.6-50 | 1.25 1.03 0.63 0.91 S2-600-600-180-1.2-1.2-25| 1.19 1.01 0.87 1.00

C-900-600-180-06-0.6-50 | 1.18 1.04 0.62 0.82 S52-600-600-180-1.2-1.2-75 | 1.13 0.86 0.47 0.78

T-600-600-180-0.6-0.6-50 | 1.27 1.06 0.76 0.98 53-250-250-180-0.3-0.3-25 | 1.41 1.49 1.20 1.34

T-600-600-195-0.6-0.6-50 | 1.28 1.09 0.84 1.03 S$3-250-250-180-0.3-0.3-75 | 1.18 1.31 0.92 1.12

T-600-600-210-0.6-0.6-50 | 1.33 1.11 0.89 1.07 $3-250-250-180-1.2-1.2-25| 1.21 0.94 0.87 0.98

T-600-600-225-0.6-0.6-50 | 1.34 1.09 0.93 1.09 $3-250-250-180-1.2-1.2-75 | 1.12 0.84 0.65 0.86

T-600-600-240-0.6-0.6-50 | 1.37 1.04 0.92 1.08 S$3-750-750-180-0.3-0.3-25 | 1.27 1.38 0.97 1.10

U-500-500-180-0.3-0.15-0 | 1.58 1.16 1.22 1.30 S3-750-750-180-0.3-0.3-75 | 1.08 0.93 0.69 0.71
U-500-500-180-0.3-0.15-25| 1.43 1.74 1.23 1.31 S$3-750-750-180-1.2-12-25 | 1.20 1.04 0.76 0.94
U-500-500-180-0.3-0.15-50 1.54 1.54 1.05 1.27 S3-750-750-180-1.2-1.2-75] 1.11 0.80 0.63 0.72
U-500-500-180-0.3-0.15-75| 1.19 | 116 0.67 0.92 F-500-500-180-0.3-0.3-0 | 1.49 1.09 | 1.19 1.25

U-500-500-180-0.6-0.3-0 1.29 1.01 1.13 1.15 F-500-500-180-0.3-0.3-65 1.31 153 0.76 1.05

U-500-500-180-06-0.3-25 | 1.20 1.24 1.10 1.16 F-500-500-180-0.6-0.6-0 1.22 1.03 1.10 1.12

U-500-500-180-0.6-0.3-50 | 1.23 1.11 0.93 1.06 F-500-500-180-0.6-0.6-65 1.20 1.13 0.75 0.98

U-500-500-180-0.6-0.3-75 | 1.09 0.92 0.60 0.83 F-500-500-180-0.9-0.9-0 1.13 0.97 1.04 1.05

U-500-500-180-0.9-0.45~0 | 1.11 1.10 0.97 1.04 F-500-500-180-0.9-0.9-60 | 1.14 0.95 0.66 0.88
U-500-500-180-0.9-0.45-25| 1.10 1.08 0.96 1.03 F-500-500-180-1.2-1.2-0 1.13 0.99 0.97 1.02
U-500-500-180-0.9-0.45-50} 1.09 1.00 0.84 0.95 F-500-500-180-1.2-1.2-65 1.13 0.90 0.63 0.85

Mean i 1.03
Standard deviation 0.161

1)

» = steel ratio of bottom reinforcement;

V¢l Ve = gravity shear ratio;

c1, ¢ = length of cross section of column parallel and normal to the direction of bending moment; % = slab thickness;
o, = steel ratio of top reinforcement; p

span lengths L, Ly = 3000 mm for S1 series, L;, Ly = 4000mm for S2 series, L, Ly = 5000 mm for S3 series,
and L, Ly = 6000 mm for the other series; and compressive strength f, = 30.0MPa for F series, and f,= 235
The Strength of connection were calculated by the proposed method, Eq. (18).

MPa for the other series.
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Table 2 Strength prediction for experimental specimens
Reinforcement Comparison of
Specimen L, L, cy Co fo £y ratio (%n;(?p Thickness VG/ V. st;;ngth
(mm) | (mm) | (mm) | (mm) | (MPa) | (MPa)[ . " [poeo (mm) (%) S o
S1 | 1829 | 1829 | 305 | 305 | 45.7 | 3225 | 054 | 054 76.2 3 0.71
Mori S2 | 1829 | 1829 | 305 | 305 | 351 | 3300 082 | 082 762 3 0.79
orison and
12) s3 | 1829 11829 | 305 | 305 | 339 [ 3349 109 | 1.09 76.2, 3 0.75
sozen S4 | 1820 | 1829 | 305 | 305 | 349 {3197 ] 068 | 082 76.2 7 0.79
S5 | 1829 | 1829 | 305 | 305 | 351 | 3397 ] 082 | 082 762 15 0.78
1 | 2743 [ 2086 | 229 | 229 | 273 [ 3555 | 090 | 045 83.9 % 0.82
Islam and Park®® | 2 | 2743 | 2286 | 229 | 229 | 319 [ 3734 ] 090 | 045 88.9 23 0.90
3C | 2743 | 2286 | 229 | 220 | 297 | 3156 | 090 | 045 839 24 0.94
Robertson® 81 | 2896 | 1981 | 254 | 254 | 393 | 5243 | 070 | 0.70 114.3 18 0.74
, o | 11 | 2806 | 1981 | 254 | 254 | 207 | 3803 | 052 | 0.00 1143 8 0.83
Durrani and Luo™ "oy 773048 | 2806 | 254 | 254 | 309 | 4175 | 049 | 000 | 1143 43 0.80
A12 | 1829 | 1219 | 152 | 152 | 332 | 3721 | 122 | 1.22 76.2 29 0.82
Hanson and AI3L | 1829 | 1219 | 152 | 152 | 328 [ 3700 ] 122 | 12 76.2 29 0.81
Hanson' B16 | 1829 | 1219 | 305 | 152 | 304 | 3404 | 122 | 122 76.2 29 0.66
C17 | 1829 | 1219 | 152 | 305 | 360 [ 3411 ] 122 [ 122 76.2 2% 0.80
Zee and Moehle® | INT | 1820 | 1820 | 137 | 137 | 262 | 4348 | 057 | 046 61.0 24 116
Par and Mochlc? |1 | 3658 3658 | 274 | 274 | 333 [ 4713 | 067 | 05 121.9 35 0.68
'3 13658 | 3658 | 274 | 274 | 313 | 4713 | 076 | 095 1219 22 1.06
St | 3658 | 2134 | 305 | 305 | 234 | 4589 | 065 | 038 152.4 45 0.80
Hawkins et al'® | S2 | 3658 | 2134 | 305 | 305 | 232 | 4596 | 142 | 066 152.4 89 0.76
S4 | 3658 | 2134 | 305 | 305 | 265 | 4589 | 069 | 036 152.4 80 0.74
1 | 2690 | 2690 | 300 | 200 | 35.1 [ 4568 | 068 | 0.44 80.0 0 0.78
» 2 | 2690 | 2690 | 300 | 200 | 35.1 | 4568 | 068 | 0.44 80.0 0 0.78
Farhey et al 3 | 2600 | 2690 | 300 ] 200 | 150 | 4568 | 068 | 044 | 800 2% 0.86
4 | 2690 | 2690 | 300 | 120 | 150 | 4568 | 068 | 0.44 80.0 30 0.81
DNY1| 2806 | 1981 | 254 | 254 | 353 13721 | 052 | 0.00 114.3 20 0.81
Durrani and Du'® [DNY3| 2896 | 1981 | 254 | 254 | 246 | 3721 | 052 | 000 1143 24 1.04
DNY4| 289 | 1981 | 254 | 254 | 191 [3721] 052 | 0.00 114.3 28 1.10
1 [ 2806 | 1981 | 254 | 254 | 380 | 5002 | 074 | 074 1143 21 0.72
Robertson and 2C | 2906 | 1981 | 254 | 254 | 330 | 5002 | 074 | 074 1143 2 0.79
10 3SE | 2896 | 1981 | 254 | 254 | 440 [ 5002 | 074 | 074 1143 19 0.74
Durrani 45 | 2806 | 1981 | 254 | 254 | 438 | 5002 074 | 074 1143 19 0.75
550 | 2896 | 1981 | 254 | 254 | 380 {5002 | 074 | 074 1143 21 0.74
SMO5| 1830 | 1830 | 305 | 305 | 368 | 4700 | 043 | 0.14 152.0 29 0.84
sMLO| 1830 | 1830 | 305 | 305 | 334 [4700 [ 087 | 029 1520 31 0.74
, o |SML5| 1830 | 1830 | 305 | 305 | 400 | 4700 | 1.30 | 043 152.0 28 0.68
Amin Ghali™ T 571830 | 1830 | 306 | 305 | 441 | 4700 | 043 | 014 | 1520 19 0.90
DM1.0| 1830 | 1830 | 305 | 305 | 327 | 4700 | 087 | 029 152.0 29 0.94
DML5| 1830 | 1830 | 305 | 305 | 425 | 4700 | 130 | 043 152.0 27 0.78
Mean 0.83
Standard deviation 0.111
W The ratios were calculated for gross area.
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