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ABSTRACT ARTICLE INFO
During the progressive collapse of structures, reinforced concrete (RC) Receive Date: 03 February 2021
beams must sustain large displacements which are not considered in usual Revise Date: 18 May 2021

design procedures. Regarding the extensive studies during the recent Accept Date: 01 November 2021
years, compressive arching and catenary actions are introduced as the

main resistance mechanisms against progressive collapse. Despite the ~ <eywords: Reinforced
extensive studies, there is still a running debate on reliable estimation of ~ concrete beams

the capacities and ultimate resistance of RC members against progressive P rogressive collapse
collapse. Thus, in the present study, a simple and practical analytical ~ L@rge displacement
method is developed to estimate the ultimate compressive arching ~ COMPressive arching action
capacity of RC beams under large displacements due to progressive  Analytical method
collapse. The proposed method is developed based on the membrane

action in RC slabs and analytical calculation of lateral stiffness of the

structural system. Despite the available methods in the literature, the

ultimate arching capacity of RC beams is obtained based on a single-

stage procedure. The capability of the introduced method is evaluated

utilizing a comprehensive laboratory database, including 99 experimental

studies in the technical literature. According to the performed evaluations,

the proposed method provides a reliable framework to estimate the

arching capacity of reinforced concrete beams in large displacements.

Any change in failure mode from flexural action to shear mechanism and

increasing the rigidity of the connections leading to an improvement in

lateral stiffness could reduce the accuracy of the proposed method.
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(MPa) gllas clakivn P (%) . (P aighss) (oweb cud b K
o Lo
J f'c fy In/h Y oml &5 o Anal. EXp. Anal/Exp Poas/Pt (KN/mm)
S1 31.24 505 11.0 0.88 0.48 1.36 1/2 39.86 41.60 0.958 0.287 106000
S2 31.24 505 11.0 0.72 0.48 1.20 1/2 36.79 38.38 0.959 0.372 106000
S3 38.2 505 11.0 1.22 0.48 1.70 1/2 48.33 54.47 0.887 0.232 429000
S4 [35, 38.2 494 11.0 1.22 0.81 2.03 1/2 53.14 63.22 0.840 0.163 429001
S5 36] 38.2 494 11.0 1.22 1.22 2.44 1/2 58.84 70.33 0.837 0.104 429002
S6 38.2 494 11.0 1.86 0.82 2.68 1/2 65.07 70.33 0.925 0.077 429003
S7 38.2 494 8.6 1.22 0.81 2.03 1/2 73.13 82.82 0.883 0.256 429004
S8 38.2 494 6.2 1.22 0.81 2.03 1/2 10847  121.34 0.894 0.356 429005
Al 24.55 350 41 0.56 0.56 1.12 1/3 123.50 168.00 0.735 0.955 1000000
A2 26.83 350 4.1 0.84 0.84 1.68 1/3 148.79  221.00 0.673 0.584 1000000
A3 29.64 340 41 1.14 1.14 2.29 1/3 174.70 246.00 0.710 0.426 1000000
A4 21.89 340 4.1 0.56 0.38 0.94 1/3 110.63  147.00 0.753 1.054 1000000
A5 [25] 25.16 350 4.1 0.84 0.56 1.40 1/3 135.94 198.00 0.687 0.697 1000000
A6 27.21 340 41 1.14 0.76 191 1/3 156.87 226.00 0.694 0.502 1000000
B1 17.63 340 6.6 1.14 1.14 2.29 1/3 84.93 125.00 0.679 0.117 1000000
B2 18.32 340 9.1 1.14 1.14 2.29 1/3 60.60 82.90 0.731 0.099 1000000
B3 20.06 340 9.1 1.14 0.76 1.91 1/3 56.47 74.70 0.756 0.200 1000000
V1 30.5 580 11.7 0.59 0.59 1.17 2/5 27.90 40.50 0.689 0.339 1000000
V2 27 580 11.7 0.60 0.60 1.20 2/5 25.60 35.70 0.717 0.319 1000000
V3 [9] 30 580 11.7 0.59 0.59 1.17 2/5 27.78 41.40 0.671 0.333 1000000
V4 26 580 11.7 0.88 0.59 1.46 2/5 31.02 40.10 0.774 0.156 1000000
V5 29.5 580 11.7 0.90 0.60 1.50 2/5 30.44 41.60 0.732 0.200 1000000
V6 30 580 11.7 0.90 0.60 1.50 2/5 30.58 39.40 0.776 0.204 1000000
IMF [37] 32 463 10.6 0.66 0.42 1.08 1 323.88  296.00 1.094 0.615 506000
SMFE 36 462 7.9 0.70 0.60 1.30 1 882.59  903.00 0.977 0.624 506000
P1 [38] 19.9 437 10.6 0.93 0.93 1.87 1/4 24.12 32.00 0.754 0.065 1000000
P2 20.8 437 9.3 1.53 1.53 3.07 1/4 24.64 36.00 0.684 0.005 1000000
M [391 249 565 11.1 1.17 0.88 2.04 3/8 20.25 25.80 0.785 0.025 1000000
B1A 25.6 537 12.0 0.87 0.87 1.73 1/4 11.65 18.00 0.647 0.169 1060000
Bl [40] 21.8 537 12.0 0.87 0.87 1.73 1/4 11.16 16.10 0.693 0.124 1060000
B2 25.8 569 9.0 1.50 0.84 2.34 1/4 9.59 14.70 0.652 0.204 1060000
5S 17 493 6.9 1.40 0.56 1.96 1/2.7 45.49 39.90 1.140 0.121 1000000
5G [41] 17 493 8.5 0.68 0.68 1.36 1/2.7 23.25 22.80 1.020 0.338 1000000
8S 30 493 8.0 1.70 1.02 2.72 1/2.85 47.44 54.10 0.877 0.150 1000000
8G 30 493 9.8 0.99 0.99 1.98 1/2.85 18.26 23.70 0.770 0.418 1000000
FR 32 554 12.3 1.57 1.05 2.62 1 25.31 27.00 0.938 0.036 1000000
PR 32 554 12.3 157 1.05 2.62 1 25.30 27.50 0.920 0.036 500000
FD1-29 [42] 35 554 12.3 157 1.05 2.62 1 25.62 32.00 0.801 0.046 1000000
FD2-34 35 554 12.3 1.57 1.05 2.62 1 25.62 31.00 0.826 0.046 1000000
FD4-30.5 51 554 12.3 1.57 1.05 2.62 1 27.16 33.00 0.823 0.102 500000
SS1 235 510 11.0 0.75 0.50 1.25 1/2 32.22 34.00 0.948 0.287 100000
SS2 235 510 11.0 0.82 0.57 1.40 172 34.39 37.90 0.907 0.222 100000
SS3 [43] 24.2 510 11.0 0.75 0.75 1.50 1/2 35.00 37.20 0.941 0.202 100000
SS4 24.2 510 11.0 1.00 0.50 1.50 1/2 36.57 36.70 0.996 0.192 100000
SS5 24.2 510 11.0 0.75 0.50 1.25 172 32.46 34.00 0.955 0.298 100000
SS6 25 510 11.0 0.75 0.50 1.25 1/2 32.72 34.90 0.938 0.310 100000
S2 34.96 558 7.2 0.93 1.87 2.80 172 63.98 107.40 0.596 0.129 1000000
S3 32.8 558 7.2 0.93 1.87 2.80 1/2 63.48 94.50 0.672 0.104 1000000
S4 31.84 558 7.2 0.93 1.87 2.80 172 63.29 98.00 0.646 0.093 1000000
S6 3] 34.72 558 7.2 0.93 0.93 1.87 172 65.53 61.40 1.067 0.299 1000000
S7 32.8 558 7.2 0.93 0.93 1.87 1/2 64.00 76.60 0.836 0.271 1000000
S8 30.48 558 7.2 0.93 1.87 2.80 172 63.05 86.90 0.726 0.078 1000000
S10 32.96 318.7 7.2 1.58 3.16 4.74 1/2 64.13 109.80 0.584 0.119 1000000
S12 64.96 558 7.2 0.93 1.87 2.80 12 78.06 93.40 0.836 0.542 1060000
FR 30 510 12.3 1.47 0.98 2.45 2/5 26.69 27.50 0.971 0.036 1000000
FR-S 30 510 12.3 1.47 0.98 2.45 2/5 26.69 26.90 0.992 0.036 1000000
FR-R [12] 30 400 12.3 1.96 1.30 3.26 2/5 27.63 24.00 1.151 0.031 1000000
IR-1 32 510 12.3 1.47 0.98 2.45 2/5 26.75 27.20 0.983 0.043 100000
IR-2 32 510 12.3 1.47 0.98 2.45 2/5 26.34 25.80 1.021 0.043 10000
S [44] 26 530 7.5 0.67 0.45 1.12 3/10 37.59 26.60 1.413 0.643 500000
FR 30 505 12.3 0.90 0.60 1.50 1/3 25.51 28.00 0.911 0.256 141608
FR-S [45] 30 505 12.3 0.90 0.60 1.50 1/3 25.56 27.50 0.929 0.256 150282
PR 30 505 12.3 0.90 0.60 1.50 1/3 24.77 27.50 0.901 0.256 61383
1 [46] 41 516 10.5 1.25 0.50 1.75 3/8 59.00 71.90 0.821 0.159 1000003
MJ-B- 35.8 462 9.2 0.59 0.40 0.99 1/2 53.40 50.52 1.057 0.815 151000
MJ-B- 36.1 549 9.2 1.35 0.67 2.01 12 88.51 90.40 0.979 0.151 205000
EMJ-B- [28] 45 549 9.2 1.35 0.67 2.01 1/2 93.07 91.10 1.022 0.216 183000
EMJ-B- 45 549 9.2 1.00 0.67 1.67 12 80.15 83.70 0.958 0.331 149000
EMJ-L- 45 549 9.2 1.35 0.67 2.01 1/2 92.98 91.10 1.021 0.216 177000
EMJ-L- 45 549 9.2 1.00 0.67 1.67 12 80.37 82.50 0.974 0.331 159000
B2 245 445 6.2 0.79 0.58 1.37 12 74.87 48.00 1.560 0.564 1000000
B3 [47] 245 445 6.2 0.58 1.58 2.16 1/2 97.12 80.00 1.214 0.196 1000000
B4 245 372 6.2 0.79 0.58 1.37 12 70.68 37.00 1.910 0.766 1000000
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B5 245 351 6.2 0.79 0.58 1.37 1/2 69.51 33.00 2.106 0.840 1000000
B6 245 445 6.2 0.79 0.58 1.37 1/2 74.87 42.00 1.783 0.564 1000000
SG [48] 27 457 12.0 0.84 0.84 1.68 3/8 16.21 17.90 0.906 0.399 1000000
SS 27 457 9.0 154 0.62 2.16 3/8 41.47 40.50 1.024 0.256 1000000

RCS [49] 43.6 455 11.0 0.77 0.77 1.53 1/2 35.73 44.00 0.812 0.528 100000

RCL 43.9 455 13.2 0.77 0.77 1.53 1/2 27.30 36.00 0.758 0.369 100000
SS1 21.7 340 6.4 0.80 0.80 1.60 1/3 78.78 64.00 1.231 0.497 1000000
SS2 21.7 340 6.4 0.80 0.80 1.60 1/3 78.78 69.70 1.130 0.497 1000000
R1 [50] 21.7 340 8.0 0.78 0.78 1.56 1/3 46.91 47.00 0.998 0.485 1000000
R2 21.7 384 5.3 0.76 0.76 1.52 1/3 126.16 122.00 1.034 0421 1000000
R3 21.7 340 4.6 0.84 0.84 1.69 1/3 179.85 177.00 1.016 0.423 1000000
R4 21.7 340 6.4 0.80 0.80 1.60 1/3 78.78 72.00 1.094 0.497 1000000

MC-SMFE [51] 35 526 7.6 0.73 0.73 1.46 1/2 249.37 228.00 1.094 0.395 100000
P-RC6 [52] 275 360 11.2 1.08 0.82 1.90 1/2 35.75 35.00 1.021 0.199 100004
P-RD1 27.5 340 11.2 1.46 1.20 2.66 1/2 40.54 50.00 0.811 0.105 100005
NSC-8 31.7 438 8.0 1.01 0.68 1.69 1/2 67.23 77.00 0.873 0.356 100005

NSC-11 311 438 11.0 1.01 0.68 1.69 1/2 44.27 52.00 0.851 0.228 100005
NSC-13 [30] 30.5 438 13.0 1.01 0.68 1.69 1/2 35.36 43.00 0.822 0.159 100005
HSC-8 60.5 438 8.0 1.01 0.68 1.69 1/2 88.08 91.00 0.968 0.771 100005
HSC-11 61.2 438 11.0 1.01 0.68 1.69 12 52.49 60.00 0.875 0.451 100005
HSC-13 59.3 438 13.0 1.01 0.68 1.69 1/2 40.19 48.00 0.837 0.314 100005

Co [14] 254 470 12.0 0.77 0.77 1.55 1/4 13.63 14.60 0.934 0.180 100005

RCB [53] 38 346 11.2 0.97 0.76 1.73 1/3 16.64 27.60 0.603 0.367 100005

RCBNM 38 346 11.2 0.97 0.76 1.73 1/3 16.64 25.60 0.650 0.367 100005
NCO01 [54] 333 514 6.5 0.84 0.84 1.69 1/3 54.91 51.96 1.057 0.285 100005
NC02 31.1 514 6.5 0.84 0.84 1.69 1/3 53.56 54.63 0.980 0.254 100005

S5l 882.59 903 2.106
Sslas> 9.59 14.6 0.584
eSSl 67.78  75.10 0.920
S 0.982
byl 0.062
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