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Ultimate Strength of Composite Beams
with Unreinforced Web Opening
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Kim Chang-Ho Park Jong-Won Kim Hee-Gu
ABSTRACT

A practical approach of calculating the ultimate strength of composite beams with
unreinforced web opening is proposed through shear behavioral tests. In this method.
the slab shear contribution at the opening is calculated as the smaller value of the
pullout capacity of shear connector at the high moment end and the one way shear
capacity of slab.

A simple interaction equation is used to predict the ultimate strength under
simultaneous bending moment and shear force. Strength prediction by the proposed
method is compared with previous test results and the predictions by other analytical
methods. The comparison shows that the proposed method predicts the ultimate capacity
with resonable accuracy.

Keywords : composite beams with unreinforced web opening, shear behavioral tests, pullout capacity,
one way shear capacity
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Fig. 1 Moment-to-shear interaction diagram by Redwood
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Table 1 Comparison of test results and theoretical values

<Ribbed sliab>
(5) =(1)+(2)+min{(3).(4

HOLE| Moh TEST PROPOSED Veerr | Vineo
INV. o m @ @ @ &) ®
NO. | @m tm o Va Vo | Tew | Vo | Vi | Vmeo | TPO" |neowoon| paRwin | cHO
- w | a [y D fro) POSED
Ro 17.2 8.3 8.3 2.2 2.2 7.5 5.7 1010 | 9.47 0.876 0.83 0.955 1,061
R 30.4 1.1 11.8 374 | a7 7.3 5.2 1268 | 12.18 0.970 1.128 1.183 1.227
R 41.0 32.6 13.0 408 | 408 9.4 5.8 13.96 | 11.07 1.174 1.14 1.384 1.247
As 43.3 44.8 7.4 405 | 405 | 116 7.2 1530 | 7.72 0.959 1.086 1.084 1129
Red- Re 44.3 35.8 6.0 414 | 414 8.1 6.9 1518 | 8.2 0.739 1.061 1.118 1.061
""::: Ry 40.2 1.8 12.5 195 | 6.86 7.3 5.2 14.01 | 12.59 0.993 1.059 1.081 1.235
Ry 37.4 9.1 9.6 403 | 4.03 9.1 4.9 1296 | 126 0.762 1.116 1.191 1.27
R, 37.4 13.4 13.8 403 | 403 7.0 4.9 1206 | 125 1.104 1.017 1191 1.172
Ry 6.6 12.4 13.1 382 | 382 8.8 48 1224 | 1.8 1.110 1.063 1.098 1.215
Mean 0.965 1.08 1.12 118
Sta. Dev. 0.152 0.088 0.112 0.075
D, 67.2 18.5 17.2 6.11 6.11 11.2 | 583 | 1805 | 18.0 0.956 0.946 0.967 1.068
D, §7.3 35.7 17.7 597 | 597 | 108 6.1 18.04 | 18.0 0.963 1.125 1.080 1,151
Dy 68.9 70.0 5.1 596 | 596 | 114 6.4 18.32 5.4 0.944 1.073 1.028 1.073
Da §7.2 31.9 15.7 593 | 593 47 6.0 16.56 | 162 0.960 1.03 1.009 1,214
Dgi';- Dip 85.9 20.62 14.6 8.68 | 379 1.4 6.0 1847 | 15.2 0.961 0.846 1.074 0.917
Das 65.1 0.0 18.6 596 | 5.96 9.8 5.6 17.52 18.7 114 1.074 1.104 1.210
- B, 16.0 8.9 8.8 203 | 203 | na 5.2 9.26 9.1 0.967 0.938 0.99 0.97
98  Dee 15.5 4.9 6.5 124 | 0.8 12.6 5.8 8.02 7.7 0.844 0.945 0.928 0.797
Das 54.9 17.0 15.7 266 | 266 | 128 | 1.3 | 1662 | 18.4 0.957 1.03 0.973 1.272
Des 54.8 20.5 21.5 479 | 418 | 121 1.6 | 2057 | 204 1.07 0.851 1.018 1.398
Mean 0.977 0.99 1.01 111
Sta. Dev. 0,073 0.091 0.053 0.170
CHO, 38.9 0 9.7 316 | 316 | 118 4.2 1052 | 105 0.924 1.556 0.926 1.364
CHO, 38.0 0 7.4 3.1 3.1 7.7 43 10.50 | 105 0.705 0.780 0.710 1,039
CHO, 32.1 [} 7.2 308 | 3.00 7.8 2.2 8.38 8.38 0.859 0.818 0.818 1,007
cho CHO. 41.2 8.9 9.4 3.07 | 3.07 7.4 5.5 11.64 1m.1 0.847 0.952 0.940 1,267
1990 CHO, 41.3 11.3 10.7 3.1 3.11 5.6 5.5 172 | 113 0.947 1,082 1.060 1177
Mean 0.856 1.04 0.89 147
Sta. Dev. 0.094 0.280 0.13 0.135
TOTAL Mean 0.947 1.02 1.04 1.15
Sta, Dev. 0.118 0.154 0.13 0.138
<Solid slab>
(5) =(1)+(2)+*min{(3),(4)}

TEST PROPOSED Vreer / Vineo

INV. HO&E (M"t::)l " v ‘('1) ‘(’z) T(a) (:) v(s) v(s) PR~ | meo- |
b (tt.m) (1] iy Y. max o frey Wy | posED | woop DARWIN | CHO
c 326 | 333 15.2 3.52 as2 | 120 14.7 19.04 | 1424 | 1.067 1.143 1192 1.424
¢ 500 | 47.3 16.7 4.49 4.49 9.6 1.0 18.58 15.3 1.092 1.207 1.128 1.358
cs 507 | 629 6.4 4.49 4.49 10.4 12.3 19.38 5.8 1.108 1.268 1.139 1.289
c. 562 | 19.8 21.6 5.18 596 | 10.0 11.7 2032 | 1995 | 1128 1.084 1.056 1,281
c"'ﬁ"’" Ce 555 | 406 21.8 5.31 5.31 9.4 12.0 2002 | 18.05 | 1.208 1.147 1134 1.385
Derwin e 366 | 168 18.3 4.36 4.36 9.1 1.1 17.82 | 1733 | 1.056 0.834 1.128 1.233
1982 Mean 1.108 1.11 1.13 1.33
Sta, Dev. 0.054 0.139 0.040 0.066
CHo, | 31.7 | 81 8.5 3.08 3.08 4.7 4.4 10.56 9.9 0.859 0.866 0.845 1.306
cHo, | 317 | 81 9.8 3.05 3.05 4.7 4.4 10.50 9.9 0.990 0.948 0.968 1311
cho Mean 0.925 0.91 0.91 1.31
1990 Sta. Dev. 0.093 0.041 0.062 0.003
Mean 1.063 1.06 1.07 132
TOTAL Sta. Dev. 0.093 0.041 0.062 0.003
'.':,B,f: Mean 0.976 1.03 1.06- | 119
TOTAL Sta. Dev. 0.124 0.154 0.162 0.145
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