AL HEUSE o) 5] &3 #H%E

A Study on the Strength Interaction Equation
of H Beams with Web Openings
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ABSTRACT : It is a common practice to cut openings in the beam webs for the
passage of service ducts or pipes in steel building structures. The objective of
this paper is to propose a strength interaction equation of H beams with web
holes based on the plastic collapse mechanism. In the development of the
equation, the basic assumptions used in the previous strength equations and
their limitations were investigated. Based on the investigation, a new equation
which is simple and easy to understand was proposed. The reliability of the
proposed method was evaluated using the test results of previous research
made so far. Comparison of the ultimate strength by the proposed equation
with previous test results showed that the proposed equation gives more
reasonable prediction than the previous strength equations which are commonly
used in practice.
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(c)y | (A) | B) |d¥E3 o] 23k o] &3t

HB3 | 1878 72.5 | 3689|133.81 0.89 | 0.47]0.57| 1.02 | 0.53 | 0.83 | 0.89 | 0.57 | 0.83 | 1.01
HB4 |3768| 9.1 |3723|136.110.89}0.46|0.57| 1.19 | 1.05 | 0.11 | 1.06 | 1.13 | 0.10 | 1.14
HB3A | 1440 | 55.6 | 3689 |133.8{ 0.89 1 0.36 | 0.43| 1.01 | 0.41 | 093 ] 096 | 044 | 0.74 | 0.86
R1B |1714|85.0 | 3196|118.0/0.96 1 0.52|0.76| 0.99 | 0.54 | 0.86 | 0.93 | 0.56 | 0.84 | 1.01
EH1 | 1893 47.5|3478|153.6)0.88)0.41|0.31| L.14 | 0.58 | 0.90 { 0.97 | 062 | 0.81 | 1.02
HB5A | 1395 53.8 | 4638 |169.6| 0.830.44|0.29| 1.11 | 0.33 | 1.06 | 1.07 | 0.36 | 0.86 | 0.93
HB5 | 804 | 31.0 | 4638 |169.6{ 0.83{0.40|0.17 | 1.09 | 0.19 | 0.96 | 0.96 | 0.21 | 0.99 | 1.01
R2 1269 | 59.8 | 3181 |119.5/0.92 1045|045 | 1.11 | 0.41 | 1.06 | 1.08 | 0.44 | 0.82 | 0.93
HB2 | 874 | 33.7 | 3653|134.0/0.80}0.47|0.17| 1.47 | 0.28 | 1.35 | 1.35 | 0.30 1.24 ] 1.28
HB1 |3449| 8.3 | 3734|1355/ 0.80{0.47]0.17 | 1.30 | 1.07 | 0.33 | 1.07 1.15 {1 0.30 | 1.19
HB1A | 3021 | 36.4|3734(135.5{0.90| 057|068 | 1.04 | 0.84 | 0.37 ] 0.96-| 0.90 | 0.39 | 0.98
Cl 2043 | 96.3 | 3181 |119.5{0.93 | 066 0.74| 1.09 | 065 | 1.02 [ 1.32 | 0.69 1.09 | 1.29
UG2 | 1688 65.0 | 4797 |168.1| 0.85 {054 (046 | 0.83 | 0.38 | 0.77 | 0.98 | 0.41 | 0.77 | 0.87
UG2A | 1402| 54.0 | 4797 |168.1| 0.83 | 0.53 | 0.35| 0.92 | 0.33 | 0.87 [ 1.06 | 0.35 | 0.77 | 0.85
la 700 | 0.0 | 787 | 546 |0.89|0.68|0.44| 0.00 | 0.95 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00
1d 622 | 0.0 | 727 | 499 0.89|0.67|0.43| 0.00 | 0.92 | 0.00 | 0.00 | 0.96 | 0.00 | 0.00
11h 769 | 0.0 | 836 |61.8|0.88|0.60(0.19| 0.00 | 1.01 | 0.00 | 0.00 | 1.05 | 0.00 [ 0.00
2a 563 | 31.3 | 876 | 58.5|0.89|0.68 044 | 1.23 | 069 | 1.09 | 1.18 | 0.72 1.17 | 1.37
2c 480 1 26.7 | 667 | 445,089 | 0.67|0.43| 1.40 | 0.77 | 1.25 | 1.34 | 0.81 1.31 | 1.54
2d 525 129.2| 725 | 5761089068044 | 1.16 | 0.78 | 1.03 | 1.17 | 0.81 1.10 | 1.37
2f 284 | 15.8 | 692 | 46.80.88 060 (0.18| 1.84 | 0.45 | 1.59 | 1.60 | 0.47 1.39 | 1.47
2lg 261 | 10.9 | 653 | 48.1 1088|061 (0.18| 1.25 | 0.44 | 1.08 | 1.11 | 0.46 | 0.97 | 1.07
21h 342 1 14.3| 682 1 47.9|0.88}0.61[0.18| 1.66 | 0.55 | 1.44 | 1.47 | 0.57 1.27 |1 1.40
3a 616 {205 785 | 55.2|0.89|0.68|0.44| 1.08 | 0.84 | 0.76 | 1.01 | 0.88 | 0.81 | 1.20
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4c 671 | 14.0| 776 | 61.6 | 0.89 | 0.68 {044 | 1.09 | 0.94 | 046 | 0.97 | 097 | 0.49 | 1.09
4D 710 | 14.8 | 838 | 57.6 |0.89 | 0.68{0.44| 1.09 | 091 | 052 | 0.96 | 095 | 0.56 | 1.10
4f 565 | 11.8 | 808 | 58.4 | 0.880.61]0.19| 1.13 | 0.76 | 093 | 1.07 | 0.79 | 0.82 | 1.14
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4h 476 | 9.9 | 704 | 50.0 | 0.88]|0.61]0.18| 1.11 | 0.74 | 0.95 ]| 1.08 | 0.77 | 0.84 | 1.14
BEAML1| 942 | 47.1 | 2843|120.4|/ 0.87 | 0.48 1 0.34| 1.16 | 0.36 | 1.09 | 1.10 | 0.38 | 0.80 | 0.88
BEAM2| 1700 | 42.5 | 2527 |104.2|/ 0.88 | 0.50 1 0.35| 1.27 | 0.72 | 1.09 | 1.19 | 0.77 | 0.78 | 1.09
BEAM3| 0 |49.7|2391|100.3|/0.87|049,0.34| 1.45| 0.00 | 1.36 | 1.36 | 0.00 | 0.97 | 0.97
BEAM4 | 1000 | 50.0 | 2763 |118.2| 0.87 { 0.50 | 0.39 | 1.08 | 0.39 | 1.02 | 1.04 | 0.42 | 0.81 | 0.91
B-1 942 | 47.1 [28431120.4| 0.87 1048034 | 1.16 | 0.36 | 1.09 | 1.10 | 0.38 | 0.80 | 0.88
B-2 | 1700|425 | 2527 |104.2| 0.88 | 0.50 | 0.35| 1.27 | 0.72 | 1.09 | 1.19 | 0.77 | 0.78 | 1.09
B-3 0 |49.7(2391|100.3{0.870.49|0.34| 145 | 0.00 | 1.36 | 1.36 | 0.00 | 0.97 | 0.97
B-4 | 1000 | 50.0 | 2763 (118.2/ 0.87 | 0.50 | 0.39 | 1.08 | 0.39 | 1.02 | 1.04 | 042 | 0.81 | 0.91
6A 1210 | 55.0 [ 3254 {130.1] 0.88 | 0.56 | 0.26 [ 1.62 | 0.40 | 1.46 | 1.47 | 042 1.11 ] 1.19
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EA M | V| Mp | Vp |M/Mp|M/Mp|V/Vp|d&3t/M/Mpn|[V/Vpn|2 & gt/M/Mpn[V/Vpn/a 85t/
(C) | (B) | (A) |ol&3k o] &%k o] &gt

1A 911.6 |21.20[1070.0| 74.60 | 1.07 | 0.50 |0.44| 1.14 | 0.78 { 0.60 | 0.72 | 0.80 | 0.81 | 1.14
2A 1540.0[70.002357.0/102.13| 1.04 | 0.53 [0.49{ 1.36 | 0.62 | 1.26 [ 1.31 ] 0.63 | 1.68 | 1.79
2B 2326.5/51.70[2357.0(102.13] 1.04 | 0.53 |0.49| 1.46 | 0.94 | 0.93 | 1.17| 0.95 | 1.24 | 1.56
20 2109.0{70.30{2750.0{130.10| 1.04 | 0.55 |0.49 | 1.26 | 0.73 [ 0.98 | 1.07 | 0.74 | 1.30 | 1.49
2D 1402.5|82.50/2750.0(130.10| 1.04 | 0.55 [ 0.49| 1.25 | 0.49 | 1.16 | 1.17 | 0.49 | 1.53 | 1.60
3A 1705.0|77.50{2357.0/102.13| 1.15 | 0.32 [0.50| 1.71 | 0.62 | 1.39 | 1.43 | 0.63 | 1.85 | 1.96
3B 2700.0/60.00{2750.0{130.10| 1.14 | 0.34 | 0.51 | 1.50 | 0.83 | 0.83]0.99 | 0.86 | 1.11 | 1.40
4A 1485.0(67.50{2750.0{130.10| 1.04 | 0.55 [0.37| 1.32 | 0.51 | 1.16 | 1.19 | 0.52 | 1.25 | 1.35
4B 2308.5|51.30|2750.0[130.10| 1.04 | 0.55 | 0.37| 1.32 | 0.80 | 0.88 | 1.08 | 0.81 | 0.95 | 1.25
5A 1551.0(51.70{2750.0/130.10] 1.09 | 0.46 | 0.37| 1.15| 0.51 | 1.07 | 1.10 | 0.52 | 1.51 | 1.60
78 2443.5|54.30(2486.0(116.09| 1.04 | 0.53 |0.50 | 1.41 | 0.93 | 0.85 [ 1.07 | 0.94 | 1.13 | 1.47
7D 1317.5[77.50{2486.0{116.09| 1.04 | 0.53 [0.50| 1.32 | 0.50 | 1.21 | 1.23 | 0.51 | 1.61 | 1.69
TEST1 |1800.0/30.00/2366.1| 79.13 | 1.09 | 0.55 [0.50] 1.07 | 0.69 | 0.70 [ 0.88 | 0.70 | 0.99 | 1.22
TEST2 |1761.0(29.35/2277.8| 76.18 | 1.09 | 0.55 [0.50| 1.09 | 0.71 | 0.71 | 0.89 | 0.71 | 1.01 | 1.24
TEST3 [1598.0/39.95|2359.8/ 78.92 | 1.09 | 0.55 [0.50| 1.12 | 0.62 | 0.94 | 1.03 ] 0.62 | 1.41 | 1.54
52-RO30 |498.0[6.23|688.2|22.321 1.01 | 0.56 [0.23| 1.25| 0.72 [ 0.81 | 1.25] 0.72 | 0.69 | 0.99
S2-RO575 | 506.8 | 6.34]683.821.60| 1.05 | 0.49 [0.37| 1.14 | 0.70 | 0.67 | 0.98 | 0.71 | 0.75 | 1.03
S2-RO75-V | 484.0 |6.05 | 701.7 | 21.20 | 1.05 | 0.51 {0.37 | 1.06 | 0.66 | 0.65| 0.92 | 0.66 | 0.73 | 0.99
S2-RB100 | 516.0 |6.45698.3|21.90 | 1.08 | 0.42 |0.48| 1.06 | 0.68 | 0.57 | 0.80 | 0.68 | 0.73 | 1.00
S2-RO100-V| 533.6 | 6.67 | 718.6 [ 22.35 | 1.08 | 0.43 |0.49| 1.05 | 0.68 | 0.56 | 0.81 | 0.69 | 0.73 | 1.00
S2-RB150 | 483.26.04|707.4 [21.54| 1.16 | 0.28 |0.51| 1.01 | 0.58 | 0.52 | 0.70 | 0.59 | 0.70 | 0.91
S4-RB50 |476.4|5.96|697.1|21.89| 1.08 | 0.42(0.24| 1.32 | 0.63 | 0.90 | 1.26 | 0.63 | 0.83 | 1.04
S4-RB75 | 509.2|6.3717382.2|22.15| 1.15 | 0.30 | 0.35| 1.21 | 0.60 | 0.75 | 0.97 | 0.60 | 0.75 | 0.96
S4-RB575-L| 496.8 [ 6.21 | 733.2 | 22.18| 1.15 | 0.30 | 0.36| 1.16 | 0.58 | 0.70 | 0.92 | 0.59 | 0.70 | 0.91
S4-RB100 | 533.6 | 6.67 | 754.3 | 22.62 | 1.21 | 0.17 [0.48| 1.12 | 0.58 | 0.62 | 0.77 | 0.58 | 0.78 | 0.97
S4-RB100-L| 511.6 | 6.40 | 715.3 | 21.78 | 1.23 | 0.14 [0.47] 1.13 | 0.57 | 0.63 | 0.77 | 0.58 | 0.82 | 1.00
S4-RB150 | 528.0 |6.60 | 704.4 | 21.42| 1.39 |-0.17]0.50| 1.24 | 0.53 | 0.67 | 0.77 | 0.54 | 0.89 | 1.04
S4-RB150-L| 478.0 | 5.98 716.2 | 22.96 | 1.38 |-0.17[0.49| 1.08 | 0.47 | 0.57 | 0.66 | 0.48 | 0.76 | 0.90
S4-RB100-A| 497.2 | 6.22|697.9 | 21.93 | 1.24 | 0.11 | 0.48| 1.12 | 0.57 | 0.61 | 0.75 | 0.58 | 0.77 | 0.96
S4-RB100-B| 486.0 | 6.08 [721.84| 22.69 | 1.23 { 0.14 | 0.46| 1.06 | 0.54 | 0.58 | 0.73 | 0.55 | 0.72 | 0.91
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