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PROGRESSIVE COLLAPSE RESISTANCE OF RC FRAME STRUCTURES
CONSIDERING SURROUNDING STRUCTURAL CONSTRAINTS
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Abstract: This study investigated the effects of surrounding structural constraints on the bearing capacity of
progressive collapse resistance of reinforced concrete (RC) frame structures. The accuracy of the sub-structural
detailed finite element model established by the ABAQUS software was verified by the Qian K’s pseudo-static
tests via the middle column removal of the sub-frame. The load-displacement curves obtained from the simulation
were in good agreement with tested results, and the whole processes of the middle column removal until the
sub-structure failure were well simulated. After the verification of the model, the effects of lateral span constraints
on the plane sub-structural progressive collapse capacity were studied by varying the lateral span constraints. The
effects of floor slab on improving the bearing capacity of arch and catenary stage were analyzed by comparing the
capacity of a single-story space structure with or without considering the slab. Different effects of slab on various
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stages of progressive collapse were discussed. Multi-stories space structural models were established to study the
structural bearing capacity during bottom column removal. The results show that increasing the number of stories
multiplied the bearing capacity of the frame structure and exerted different effects on various stages of progressive

collapse of RC frame structures.
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Table 1 Analytical models
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Table 2 Specimen properties
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Gy A i /mm? B /mm? A /mm WEmm  HEAE R R T 15/(%) BERL/(%)
P1 200%200 100x180 2100 — 4T13 4710 — 08 05
P2 200%200 80x140 1500 — 4T13 4710 — 08 06
T1 200x200 100x180/80x140 2100/1500 — 4T13 4710 — 08 0.5/0.6
T2 200x200 80x140 1500 — 4T13 4T10 — 08 06
s1 200x200 100x180/80x140 2100/1500 55 4T13 4T10  R6@250 08 0.5/0.6
S2 200x200 80x140 1500 55 4713 4710 R6@250 08 0.6
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Table 3 Properties of materials
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455
T13 535 2605 611 11.6
T16 529 2663 608 14.3
—_— [ A GUE #0235 9: P1: 19.9MPa P2: 20.8 MPa
T1: 21.5MPa  S1: 21.4 MPa
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Fig.2 Dimension and reinforcement details of S1
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Table 4 Parameter of CDP model
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Fig.5 Tested and simulated load-displacement carve of P1
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Fig.6 Tested and simulated load-displacement carve of P2
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Table 5 Comparison of tested and simulated of Qian K et al series specimens
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Fig.13 Horizontal displacement curve of model PF3 joint
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Table 6 Capacity and displacement of substructures with different lateral span constraints
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Fy /KN Fu/kN wy/mm Fi/kN wi/mm Upin/MM Upax/MM
PF1 25.2 284 52.4 27.8 369.6 -2.21 65.02
PF2 25.6 28.9 51.9 26.7 445.9 -2.52 64.76
PF3 26.3 29.4 48.9 41.0 432.6 —2.80 38.64
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Fig.16 Single-storey spatial frame models
Kl 17 Jy SFA FRUAN R B AL HE AL R RO AR
iR AL 2. EITP R DA, AR R
R B A L THB, S BRSNS L 2K
RIWYE, AR R PR E A A LT, B
BHEA RN, HBDU SRR, AR BRI AR b T4
KBTS SR A (BRI B ) de v, PR WA R 2 B ¢
ROV AE A7 20k 60.7 KN Al 90.2 kN AL ES A 5
PEIAREALE R HE Y BOR BRI ZEA K, (EEHELR
BB, RS IR A BRI A AR ) B v T S A
BRI . AR BRI AR T A M B S (R R
AR, BERLSI AR 29 9 R% B vh AL S RN W E 4 0.49.
Kl 18 2y SF5 BALAN R Aoz B AL HE G R RO A
Hh i -7 A% 2 o AN R A7 B A HE SR AL R 2 K
WHRNKZRE SFA BT, FIARKRZ, dmT
PERRAE R, B oA A A R i o R S i
ZIEEA R TREB . RERE BRI AR ) 2

B e SR G ) B, HIL SO W R R 40 Ak 7 Ui
53599 146.4 KN 1 264.3 kN K0 kE A% #5140
FERS BRI FE HH HE N (A E A K, 2o bR
B T 20 0.5, BBELE RN IE(E K5 TP A RE Bl
FNTHEB PR, AEBRIIET R
RN RA, HERUSIIE(E Ny 48.2 KN, RSt
BANIVEAE 1) 0.33. AR IME WK 7,

100

_h?%%ﬁ -~
80 ——KBinE A
Z 60 - -""—‘
= L Y
iz 40 i i
20 [f"" Tt

0

0 50 100 150 200 250 300 350 400
{2 %% /mm
K17 SF4 A g 28010 7 1 26
Fig.17 Load-displacement carve of SF4 model
350

—— U
300 —— EEin
—h— Ly
mof LR e
Z 200 s

e
s

§=3

100 ,.--""J;""ﬁ";
ﬁ;wwﬁm""
50
00 100 200 300 400
i #%/mm
K18  SF5 A fap 2010 7% i £
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Table 7 Bearing capacity summary of space frame considering slab action

Fy.5 Fus Ft.S
T4 B ERATE R RN o RSEBE RN R we/mm 2 BRI FUkN SRR we/mm £
Pk SF4 52.4 60.7 158.7 905 355.9
N 1.27 241 2.92
R SF5 66.7 146.4 187.6 264.3 355.8
KEsiik:  SF4 39.1 445 152.2 475 387.2
N 1.17 1.69 2.71
KK SF5 45.8 74.7 189.0 128.5 431.0
IR SF4 36.5 455 125.9 64.2 370.5
N 1.23 1.68 2.35
KK SF5 45.9 76.4 84.83 151.1 420.9
FikE SF4 222 29.8 150.4 - -
N 1.53 1.62 _
R SF5 34.0 48.2 121.2 - —
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Fig.19 Multilayer spatial frame models
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Table 8 Bearing capacity summary of space frame with different stories

T TR Jei TR AT 4, Fan i FEHEA R Fn BRI (E B R Fn
G Fy/kN Fs Fu/kN w,/mm Fus F/kN wy/mm Fie

SF6 61.8 1 106.1 76.10 1 262.7 385.94 1
LWTL SF7 135.9 2.20 2305 98.37 2.17 490.8 360.07 1.87
KA SF8 208.2 34 344.0 98.44 3.24 769.0 385.73 2.93

Kig SF6 54.4 1 717 160.29 1 102.3 378.27 1
e SF7 96.5 1.77 158.2 220.42 221 230.2 457.17 2.25
Rk SF8 143.9 2.64 233.9 214.28 3.26 3422 422.16 3.35

bl SF6 46.1 1 738 72.14 1 104.5 371.46 1
o SF7 106.9 2.32 173.4 101.11 2.35 247.9 442.71 2.37
R SF8 145.2 3.15 236.0 102.09 3.20 3545 416.56 3.39
ke SF6 36.4 1 48.2 120.28 1 — — —
- SF7 711 1.95 97.1 100.67 2.01 — — —
i SF8 107.2 2.95 140.4 155.36 2.91 — — —

i Fyo 208905 0 n HEZEGS IR ARG 8, n 9 6~8, Funy Foo BOUHIA L

BRNEVEAE I 43 )8 SF6 HEZRMSERIY 1.87 f5H1 2.93
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