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Paunumart Yotarmart 2010: Effect of Large Opening on Behavior of Reinforced
Concrete Beam by Nonlinear Finite Element Analysis. Master of Engineering
(Civil Engineering), Major Field: Civil Engineering, Department of Civil Engineering.

Thesis Advisor: Assistant Professor Kitjapat Phuvoravan, Ph.D. 216 pages.

This paper presents nonlinear analytical study on the flexural behavior of reinforced
concrete (RC) beam with large opening by finite element analysis . The RC beam was modeled
by three dimensional solid elements and truss elements with nonlinear material property.
Different sizes of large opening were considered before analysis process, since the complex
behavior of flexural failure takes place around the large opening. In the consideration of failure,
representation of plastic hinge formation and appropriate modeling technique must be

employed.

The analysis results show that the opening size has a significant effect on the load-deflection
behavior and ultimate load capacity. The ultimate load capacity decreases by 44.89 % when the
opening length is 120 cm. (form 300 cm. total beam length), and it decreases by 38.14 % when
the opening depth increases to 65 percent of the total beam depth. In addition, The results from
the 3-D analytical model show that the opening size and its location has a significant effect on
the load-deflection behavior and ultimate load capacity. When the slenderness ratio of opening
is not more than 22 (KI/r < 22) and the depth of opening is not more than 40% of the depth

beam the ultimate load capacity decreases by 5%.

Furthermore, one dimensional beam model with rigid links was also developed to
propose simplified altermative modeling technique of RC beam with large opening. When
comparing the ultimate load capacity between 3D analysis model and 1D analysis model, the
maximum difference is apporximatly 20%. Thus, it can be concluded that 1D analysis model
can only be used to roughly approximate the capacity and the behaviour of RC beam with large

opening.
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1
DMX =.010381

M Y v
MWHUINN A1 1NHINVTINN-MILOUAIVOLLDTI0I 1 HA malasuuilaq

) ] 4 1 a ] I
Gn!ﬁ/fl!\?fjfuﬂﬂﬁ”l\‘]“]]@\i%@\‘ilﬂﬂﬁ%ﬁ]TﬂﬁUi’J‘IJﬂ”IL!ﬁJuizEJ% 65 .0.( Rps - 65)

AN

APR 12 2010

08:57:58

i Y H
MNHUINN A2 1NHTNVITNN-MILOUAIVBWLVTIn0INAN 1 UA MIn)desuna

o ] 4 1 a 3 I
@]TLLWHQﬂu&ﬂﬁWQm@ﬂ%@QLﬂﬂﬂTﬁ]Tﬂsllﬂ‘]_lﬂ”lul‘ﬂuiz513 115 .4, (Rps -115)
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APR 12 2010

10:51:15

M Y v
MUHUINA A3 1TNHTNUITNN-MILOUAIVBIVVTIE0I 1 UA msn)asuuilag

) ] 4 1 a ] I
Gn!ﬁ/fl!\?fjfuﬂﬂﬁ”l\‘]“]]@\i%@\‘ilﬂﬂﬁ%ﬁ]TﬂﬁUi’J‘IJﬂ”IL!ﬁJuizEJ% 165 .4. (Rps - 165)

AN

APR 12 Z01
10:53:58

DISPLACEMENT

i Y H
MWEUINA A4 1NHITNUTINN-NMILOUAIVOILLUIIA0I 1 §A Manlasunilag

) ] 4 1 a 1 [
duvisguinanvesyestlavannveumuiluszes 215 w.u. (R, - 215)
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DISPLACEMENT

APR 12 2010
10:56:37

M Y v
MWHUINN A5 1NHINVTTNN-MILOUAIVEWLDTI0I 1 UA malasuuilaq

) ] 4 1 a ] I
Gn!ﬁ/fl!\?fjfuﬂﬂﬁ”l\‘]“]]@\i%@\‘ilﬂﬂﬁ%ﬁ]TﬂﬁUi’J‘IJﬂ”IL!ﬁJuizEJ% 265 4.4. ( Rps - 265)
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SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE

1 700 1 1 3

2 1330 2 1 17

3 1503.2 2 2 25

4 1676.5 2 3 33

5 1746.5 2 4 68

6 1816.5 2 5 71

7 1921.5 2 6 78

8 2026.5 2 7 82

9 2096.5 2 8 100
10 2100 2 9 102
11 2227.6 3 1 153
12 2355.1 3 2 157
13 24251 3 3 175
14 2495.1 3 4 202
15 2565.1 3 5 227
16 2635.1 3 6 234
17 2705.1 3 7 268
18 2775.1 3 8 287
19 2845.1 3 9 307
20 29151 3 10 327
21 2985.1 3 11 339
22 3055.1 3 12 355
23 3125.1 3 13 360
24 3195.1 3 14 384
25 3265.1 3 15 401
26 3335.1 3 16 420
27 3405.1 3 17 425
28 3475.1 3 18 442
29 3500 3 19 451
30 4130 4 1 482
31 4200 4 2 510
32 4270 4 3 524
33 4340 4 4 529
34 4410 4 5 538
35 4480 4 6 547
36 4550 4 7 550
37 4620 4 8 567
38 4690 4 9 572
39 4760 4 10 601
40 4830 4 11 626
41 4900 4 12 634
42 5530 5 1 672
43 5703.2 5 2 682
44 5749.9 5 3 709
45 5796.6 5 4 716
46 5866.6 5 5 720
47 5971.6 5 6 728
48 6018.3 5 7 755
49 6064.9 5 8 761
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SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE
50 6111.6 5 9 771
51 6158.3 5 10 783
52 6204.9 5 11 785
53 6251.6 5 12 810
54 6298.3 5 13 821
55 6300 5 14 822
56 8400 6 1 847
57 8527.6 7 1 870
58 8655.2 7 2 879
59 8782.7 7 3 885
60 8829.4 7 4 906
61 8876.1 7 5 910
62 8922.7 7 6 933
63 8969.4 7 7 936
64 9039.4 7 8 939
65 9086.1 7 9 970
66 9132.7 7 10 974
67 9202.7 7 11 979
68 9307.7 7 12 982
69 9354.4 7 13 1027
70 9401.1 7 14 1031
71 9471.1 7 15 1039
72 9541.1 7 16 1041
73 9646.1 7 17 1048
74 9751.1 7 18 1052
75 9800 7 19 1056
76 10430 8 1 1080
77 10603 8 2 1096
78 10776 8 3 1105
79 10854 8 4 1113
80 10901 8 5 1127
81 10948 8 6 1136
82 10994 8 7 1148
83 11041 8 8 1150
84 11111 8 9 1154
85 11156 8 10 1158
86 11200 8 11 1160
87 11484 9 1 1183
88 11611 9 2 1204
89 11668 9 3 1212
90 11696 9 4 1237
91 11724 9 5 1243
92 11752 9 6 1255
93 11780 9 7 1260
94 11822 9 8 1262
95 11885 9 9 1265
96 11980 9 10 1270
97 12074 9 11 1275
98 12216 9 12 1281
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SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE

99 12312 9 13 1294
100 12355 9 14 1303
101 12383 9 15 1312
102 12411 9 16 1322
103 12439 9 17 1325
104 12481 9 18 1329
105 12509 9 19 1335
106 12537 9 20 1337
107 12568 9 21 1341
108 12600 9 22 1343
109 12728 10 1 1391
110 12855 10 2 1394
111 13047 10 3 1401
112 13238 10 4 1409
113 13266 10 5 1424
114 13294 10 6 1426
115 13336 10 7 1433
116 13378 10 8 1435
117 13441 10 9 1437
118 13535 10 10 1440
119 13677 10 11 1450
120 13819 10 12 1455
121 14000 10 13 1464
122 14284 11 1 1498
123 14341 11 2 1524
124 14361 11 3 1551
125 14381 11 4 1552
126 14411 11 5 1556
127 14441 11 6 1558
128 14486 11 7 1562
129 14531 11 8 1564
130 14561 11 9 1570
131 14581 11 10 1576
132 14601 11 11 1580
133 14621 11 12 1582
134 14651 11 13 1584
135 14696 11 14 1587
136 14764 11 15 1590
137 14865 11 16 1594
138 15017 11 17 1598
139 15245 11 18 1603
140 15400 11 19 1611
141 15684 12 1 1647
142 15741 12 2 1669
143 15761 12 3 1676
144 15781 12 4 1679
145 15811 12 5 1684
146 15831 12 6 1691
147 15851 12 7 1698
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SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE
148 15871 12 8 1701
149 15901 12 9 1704
150 15946 12 10 1709
151 15991 12 11 1712
152 16058 12 12 1716
153 16160 12 13 1724
154 16205 12 14 1741
155 16251 12 15 1747
156 16319 12 16 1754
157 16422 12 17 1769
158 16524 12 18 1781
159 16570 12 19 1797
160 16590 12 20 1818
161 16610 12 21 1836
162 16630 12 22 1843
163 16650 12 23 1854
164 16670 12 24 1866
165 16690 12 25 1867
166 16710 12 26 1872
167 16730 12 27 1886
168 16750 12 28 1897
169 16770 12 29 1898
170 16800 12 30 1908
171 16928 13 1 1964
172 16948 13 2 1981
173 16968 13 3 2007
174 16988 13 4 2016
175 17008 13 5 2025
176 17028 13 6 2034
177 17048 13 7 2045
178 17068 13 8 2054
179 17088 13 9 2059
180 17118 13 10 2068
181 17138 13 11 2089
182 17158 13 12 2095
183 17178 13 13 2106
184 17198 13 14 2107
185 17218 13 15 2165
186 17238 13 16 2182
187 17258 13 17 2231
188 17278 13 18 2270
189 17298 13 19 2370
190 17318 13 20 2382
191 17338 13 21 2431
192 17358 13 22 2504

193 18200 13 99999 2604
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