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A Substructure Based Analysis of Progressive Collapse Resistance for
RC Frame Structures Under Blast Loading
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Abstract: This study investigated the blast damage range and computational efficiency of progressive
collapse analysis for reinforced concrete (RC) frame structures by combining investigations of blast
damage to building structures with refined numerical simulations. The validity of the RC frame struc-
ture model based on LS-DYNA was verified, and a substructure-based method for collapse resistance
analysis of RC frame structure under blast loading was proposed, including selecting substructures
from blast-damaged regions and properly calculating their boundary conditions. By conducting collapse
resistance analysis on a typical 5-story RC frame structure under blast loading using full-structure and
the proposed substructure methods, the effectiveness and efficiency of the proposed substructure meth-

od were examined. The results showed that the proposed substructure method could accurately predict
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the damage range and collapse behavior of RC frame structures under given blast loading, while reduc-

ing computational time by 72.7% compared with the full-structure method.

Keywords: blast loading; reinforced concrete substructure; numerical model; progressive collapse;

computational efficiency
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Table 1 Dimensions of frame structure test model

B :mm
N A i L B G -
R i - [Ed=" T e JE

NO.2 170X170 89X89 910 1520 1520 41

IR o SR CEB I K&.CRERL™ i 468 7Y 43 31 3 5 44
M 1 2T 188 S A A AT 1) 3 3 R & B (DIF) |,
2. 3R

®2 BEINHHSH

Table 2 Material parameters of concrete

W/ (gemm ™) PUHEMRE/MPa JAM L RN AE B R

0.002 45 42 0.2 0.15 0.9

R3 HEHHMBSE

Table3 Material parameters of longitudinal reinforcement

R R
W/ R/ N{ER/ANULROIE S =Y i
. L, WREE/ R/ -
(gemm ™) (Nemm ") b (Nemm %) Ji7A8
MPa MPa

0.007 85 218000 450 510 0.3 83846  0.15

R4 EHOMBSH

Table 4 Material parameters of stirrups

WPE W BB
WE g;r#/ g, T B/ 5K
COOEEEEL e (Nemm ) s

(Nemm *) MPa MPa

(g.mm—z

0.007 85 192000 400 610 0.3 73 846 0.18
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Fig.7 The schematic diagram of calculation substructure
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Fig.8 Schematic diagram of RC frame structure
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Table 5 Properties of concrete

wE/ BAR KW
B i 268 P LY
(gemm*) i AF i AE
C40 0.002 45 0.2 0.15 0.9

F6 M HIRFE

Table 6 Properties of steel reinforcement.{i/ : MPa

9w YW OB REAGE g
. il A3 S5 4

S RO PR ORI BRORE
HRB400 HPB300 400 520 300 420

ARSI, 3 A BB (TCA) By B, 5 3 (8] H2 5%
M Xl 222 i 2 A9 5 oz K, 52 B RCAE 42 45 44 2 2% 4t
EI35 B8 1 R AR, an il 9(d) 7
322 MMEMBETATFLHMAORCIERIEN
5 HF

F HE fr 28 (288 kg TNT) N RCHEZE fp A e K P
AT LA R AR A B2 B i FUELAE T 0.2 I 45 AT Y P-Till 26
(BPRAEL), ME 107, mE 1005 45 = PR
A A CRD S AR SR A ) 6 T P-T R A
J7, BB RC HE R 25 44 iS58 = J2 th R R 5 o AH 48 34
AR BE B R T 0.2, AN B0 )5 He ok 55 U J2 v
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Fig.9 Numerical results of collapse resistance analysis for

RC frame under blast loading
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Fig.12 Numerical results of collapse progression for selected

substructure under blast loading
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