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Abstract: Aiming at the question that the contribution of slab was ignored in most studies of
progressive collapse of reinforced concrete (RC) structure, and the analysis on progressive
collapse after the loss of corner column by the zero initial conditions couldn’t reflect the fact.
With finite element software ABAQUS and the secondary development interface of UMAT PQ-
Fiber construction relation, the nonlinear dynamic approach was applied to study the contribution
of slab after the loss of corner column, the column-removal time and initial condition in the
progressive collapse resistance. The results indicate that the dynamic response of structure
considering the contribution of slab is less than the structure without considering the contribution
of the slab, the improvement of slab in progressive collapse resistance is significant. When

column-removal time is smaller than 1/4 of the natural vibration period of remaining structure,
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the smaller the column-removal time is, the more obvious the structural dynamic response is, and

the greater the damage to the progressive collapse resistance of structure is. Compared with the

dynamic responses of structures under different initial displacements and initial velocities, the

analysis of structure progressive collapse without considering the initial condition underestimates

the influence of initial condition on the deformation of structure.
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Tab.2 Vertical Maximum Absolute Values of Parameters Corresponding Column-removal-time

At 0.05T 0.075T 0.1T 0.25T 0.5T 0.75T T 1.5T
[Almax/(mm » s72) 29 712. 40 22 693. 20 12 912. 20 5 823.26 4 365.18 3401. 20 1771.67 1525.89
[V max/(mm + s71) 836.558 805. 726 756.433 457.482 447.094 342.489 257.296 227.454

|U | pax/mm 171. 500 0 164.932 0 156. 647 0 112.017 0 109.710 0 98. 854 3 89.738 8 86.047 5




118 EHAFE TRFR 2018 %
AR T 0B 195 2 O ) O BEL B 255 9 o 4% 4 % 48 20

80 850 11 430 7 0 1B 2 55 40 T IR A5 03X 8 5 P I T I G
YRR ks 2 5 00 9 45 40 3 S5 M B 3 AR B g g | Tufpmmerl ovlomns
VIR S HEARAE . ol T4 A L ol 255 168 4% 17 20 R % ool

At 35 A4 T U 5 7 O R 09 58 A T 5 15 iy 4 2 ol

VIR A E IR % Il 3 A 181 3K 2 4 2 1 40 4 4R

25 5% W0 25 54 1 3 3 R B I 7

M4 Nanci #1 Shalva'"™ SRR, 2 (B3] If 17
B o B TR % 1R L B 05 4
Fomi 1w k535

u=u,cos(wt) + v, sin(wt) (6)

u=1[ u,cos(wpt) +u,EwsinCwpt) /wp Je = (7)

wp=w~/1—& (8)

AN P iy R A T BB 4R S A% I LA AN 5
2% S5 BHLJE i 45 48 07 8% i 17 ¢ 38 =X 43 531
u=u,cos(wt) 9
u=u,[ cos(wpt) +EsinCwpt) / v/ (1—E) Je # (10)
Ko, WUIRHEE se=2.72;6 HFHE L,

ATy ST Y 2 PR (6] 40 i R A [ 40
LAY 2 2H 2l B A R (R 5 Y, o AT 2R S50 ) 15 Ry
0. 1T, 43 B A I bR 25X 45 48 Bl g v 107 1) S ) o R
SE AU ] b B 5 B R B SRy £, 6] T B OE .

PO 14,15 15 H 2 X 22 19 400 4 IR 25 52
B ERR R BB Iy N R TS5 i 2 v )
BB SL A L ] T B WA 5 B X 45 R 1) Tl DR B
T 1] b R IR 6 RS K, 5 R 1) 8 ) AR T R R, X
Pl s I O o VA 25 W v S ) | DRl = 4 S 4 [ )
RLAE 51 N A2 RE T #E . AH LU T &5 90 46 1) 19 2
Fo AT Wl T /NGl A e RS 1) 2 A o 3K S PR S 400 4 1)
ORISR a2 ol o WS VRS A U R ¢ 1
S 1) T AL B B A 80T 28 A Ok BN L 5 4
DAL DAL - R T = [ B R U R U B A e el L A A )
) iy B XoF 435 K 1) BB OR B E L S A 1) b ) ) R
JEE B A D)t o 57 A% A B K

.-

(L) 3 0 B B Al AN 5 R AR RN 3 R A J5
I 3 RCHEZRBIRY, K B 3 A58 1Y 2y ) iy 7 DA
REN /NI A A 7 AN Tt I8 A Al 4 Al AR
B BEAR 192 15 RE 6 0 % B2 frn 405 ) 119 T T 2 8] 58 BE
T3 AN R AR AR 1 1) 51 B LU A R AR B 43, 506, AT
LA AE S5 A P 25 180 38 BT T R B AR AR A
B

2O AR Lk 3 1 20 7 J7 3% 23 S L 0. 05T

B [A)/s
14 AREIHIE I FE B B 18- 12 ) o 7% o 2%

Fig. 14 Time-vertical Displacement Curves with

Different Initial Velocities

AL /mm

I 16/
B 15 A B #0496 0 # &Y B (8- 2 (3] o0 ¥ A 2%

Fig. 15 Time-vertical Displacement Curves with
Different Initial Displacements
0.075T,0.1T,0.25T,0.5T,0. 75T, T #1 1. 5T 19
PRAES ] W78 K B PR AL /N T 0. 25T Bk,
ENAE LR DAL YRR A R =R S SR TE I 127N S T
MPRAE IR Ny 0. 25T ~ T Wt . ) 4% 45 ¥ 5 F1 0 )97 2
PR T8 22, S PR AL F )R T T i R A 45 44
P PNAL R (18- N v A = I R 1 ) @ NS SR 5|
GSA 2003 A1 DOD 2010 #LE “ i HAE L3 1 73
T3 BRI 9 2 AL 3 S P B B I A R R ) AN AR T
P AEEM AR F I 1/107 AR A SCHFFE 458 24
PRAEIFE] /N T 0. 25T I, 4 A I fi) %o 300 4% 245 449 5 g
Wi 157 5% 00 S 2 L ) 0. 1T e % 36 AL 4% HA Bt 3 4 £

BB EE

(3) X FE AN [F] 490 s 57 % 1400 1 3 J8E IR 285 45 4
AETE o e AR AN 5 18 400 i AR 25 0 205 ) o 2 1 48
B3 o3 A ARG 1900 DR 285 0k 45 4 1 28 TE 52 W) 45 A4 o)
W R S B R i R X 5 R ) T S I
AN SR T )R B 0 46 5 A% A0 fh A A
AR
S % k-
References:

[1] DOD 2010, Design of Buildings to Resist Progressive
Collapse[ S].
[ 2] GSA 2003, Progressive Collapse Analysis and Design



% 4

E

T YRS BT e 6 RCAE

R4

M 54 2 b 450 9B 3 Ay v B A T

119

[3]

[4]

[6]

L7]

[9]

Guidelines for New Federal Office Buildings and Ma-
jor Modernization Projects[ S].

GB 500102010, iR &E 25 # i it M [S].

GB 50010—2010,Code for Design of Concrete Struc-
tures[ S].

QIAN K, LI B. Quantification of Slab Influences on
the Dynamic Performance of RC Frames Against Pro-
gressive Collapse[ J]. Journal of Performance of Con-
structed Facilities,2015,29(1):04014029.

ORTON S L,KIRBY J E. Dynamic Response of a RC
Frame Under Column Removal[ ] ]. Journal of Per-
formance of Constructed Facilities, 2014, 28 (4).
04014010.

BghLBEIAE .22 B A RENUR S5 AL BT L1 1) 45
AE R RZ I [T ]. 1O )1 2 SR 2% AF 98, 2010, 36 (2) : 5-
10.

LIANG Yi, LU Xin-zheng, LI Yi, et al. Influence of
Slabs on the Progressive Collapse Behavior of Struc-
tures[ ] ]. Sichuan Building Science,2010,36(2) :5-10.
LIU J, TIAN Y, ORTON S L, et al. Resistance of
Flat-plate Buildings Against Progressive Collapse. 11:
System Response[ J]. Journal of Structural Engineer-
ing,2015,141(2) :04015053.

RLBAE .2 By 30 IR B - 25 4 By i 20480 15 2 e
Higitor g o gg M. 4 5 b B g 51Tl s a4
2011.

LU Xin-zheng.LI Yi, YE Lie-ping. Theory and Design
Method for Progressive Collapse Prevention of Con-
crete Structures [ M. Beijing: China Architecture &.
Building Press.2011.

PR o Ry )4 sh i IM] Eobim, .
2 . bt AR R R - 2006,

(10]

[11]

(12]

[13]

[14]

[15]

CLOUGH R, PENZIEN ]. Dynamics of Structure
[M]. Translated by WANG Guang-yuan. 2nd ed. Bei-
jing: Higher Education Press,2006.

YU J,GUO Y Q. Nonlinear SDOF Model for Dynamic
Response of Structures Under Progressive Collapse
[J]. Journal of Engineering Mechanics,2016,142(3) ;
04015103.

QIAN K, LI B. Analytical Evaluation of the Vulnera-
bility of RC Frames for Progressive Collapse Caused
by the Loss of a Corner Column[J]. Journal of Per-
formance of Constructed Facilities, 2015, 29 (1).
04014025.

BlBAE i 50 1 WS 5. B TR R L E AR A 4
7 748 355 B T 90 R BB AR S B T < OGS A R 1 30
[J]. #5454 ,2012,42(11) : 23-26.

LU Xin-zheng, YE Lie-ping,PAN Peng, et al. Pseudo-
static Collapse Experiments and Numerical Prediction
Competition of RC Frame Structure [| : Key Elements
Experiment[ J]. Building Structure,2012,42(11):23-
26.

GB 500112010, g S HU R & ML S].

GB 500112010, Code for Seismic Design of Build-
ings[ S].

BEMLE Ok.FE WL BB E B BHE 2L BTk
SRR sh S )], W4y ,2016,31(8) : 13-17.

SHI Feng-wei, WANG Lai, DONG Shuo. The Dynam-
ic Analysis for Anti-progressive Collapse of Steel
Frame Structure with Composite Floor Slabs[ ] ]. Steel
Construction,2016,31(8) :13-17.

BUSCEMI N,MARJANISHVILI S. SDOF Model for
Progressive Collapse Analysis [C]// ASCE. 2005
Structures Congress. New York: ASCE,2005;1-12.



