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Research Status on Influencing Factors and Failure Mechanism for
RC Frame Structural Progressive Collapse

HUANG Hua, HUANG Min, GUOQO Jiena, GUO Meng-xue
(School of Civil Engineering, Chang’an University, Xi'an 710061, Shaanxi., China)

Abstract: In recent years, progressive collapse often occurred at home and abroad, and
accompanied by a large number of casualties and huge economic losses. The research progress of
main factors and collapse mechanism that affected the progressive collapse were reviewed. The
results show that the contribution of floor on progressive collapse can’t be neglected, and the
column failure position and the column spacing have important influence on structural anti-
progressive collapse. Compared with without considering the influence of joint, when considering
the influence of joint, the progressive collapse resistance of structure will be reduced. The infilled
wall and seismic design are beneficial to progressive collapse. In turn, the beam mechanism (the
compressive arch mechanism) and the catenary mechanism act on the frame beam, and the
compressive membrane mechanism and the tensile membrane mechanism act on the floor.
However, the research of the coupling action and measurement index of the mechanism of
different components are insufficient. In the next step, the experimental test and the quantitative

research about progressive collapse should be strengthened, and the research results should be
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applied to the collapse design. Meanwhile, it also should be enhanced to study the impact of

accidental load on the progressive collapse.

Key words: frame structure; progressive collapse; influencing factor; failure mechanism; design
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Tab.1 Contribution of Slab to Anti-progressive Collapse of Structures
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Fig.1  Analysis Model
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Fig.3 Beam Mechanism of Anti-progressive Collapse

for RC Frame Structure
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Fig.5 Catenary Mechanism of Anti-progressive

Collapse for RC Frame Structure

Gy ST R L R R 3 R 4 B

) RC “FIIHESR HEAT T % S 45 35 3 50, A W HE ZR 25
P27 T Fk By B 98 1 B B R RN 3 B B
HHADT 3225 R ER SR Z 5k R R
LA B 5 33 72 . Orton 2570 K, MR 1 MR K
AL I, Bk 2F 2 3 5 52 5 b R (CFRP) 7] DL 3 &
7 208 A5 I A Bt AL L 4 1 3 S 81 B 4 ) 25 B Ak S A 1)
SRR O HR R RO 7 B R A K ) AR TR Ok
77 A Al ) B DA R e . ) B AR S i
DA T S5 ARGy B R ML T R 2 ) 28
S A IR T B A7 S e T R Y R Al B
JEE VR B TG 7377 252 8 K i 4 e A BE 2R ML TR Y R 4R
F1o ZESHETYHNL T B LR R RN il £ R 2 Bl 2 AL
P R CRIFA A IR 4 i TR EEZHLH T
BU 2 LA b5 AR 3800 A A (B 0 H TG T - T 2 7Y B g
LALRIAERAELE 1. 46~2. 01 2 [A] 5 iy £k %Y 2 B 2L fif
AR 1.66~2.25 Z[], THEMESES HAL T % &
R AN I RC HE SR 5 PR T AL, A 5% B 5 4R AL
X RC HE SR 3% 252 51 5 B8 7 1 52 ), & B A2k i 4%
RN AT LS 40 B A% I B A R0 v 445 40 e 3% 22151 3
AE 7. Naji " 3l g A B 2 7 2 A5 400 Ak % 28 43
GY 2% I B e L AN B i T S P S B IR R ). R
% JE R LN V] e 2 R BURE TR A SRR AT

R BE AL (R 2 7 3 el 8 A A G A
T AR R A o 7T % AR 1 T A K HL P ) T AR ML B
AT %, I HAS ) 35 A7 A 4% 4 MLl 04 55 BB R 4801 R
FHIE 5 B X 12 0] 8 BIF 5 5 AN 743 .

i bR 2 ) Al B Dy AL R A
Bl R 1) — B HLEE B (R N 7= AR ) —> 3
T TR AT Y Y S A DR SR 2 A7 v A g T
A 77 DT 4 (R o R L ) Ak B 4 AL i 449 U
GERVIN ] T A5 R SR . R HEAIL A FE AL AN 2
2 A EARST EHB B, A2 2 TR B — i B B R L
RO P B 7 A IR R ) 22 A R B e AR MR
N TR 2] A B L AL A BT S 00 A Ak B B e AR 1
i iR 38 SR AN N 52 B S S
2.3 HEREHLH

MR AL ) 2 2 e AE SR 5 A b i B R A
SR 2R B % SRR AL . DY 24 PR A 3]
M A7 fof Je » TR = F 24, 5 ke A imr v M Bl S 2, () e
SR 2 FEAES T  B TR . A S D JE [ Ak
1) e 3432 B 1R 3 240 3R, WL gm) Al TP 23 7 A e R K
JO7 5 20 4 498 R 1) — S I R Ie) AR 3 % A 1) I
3l By F, qn B3 Fh ) 8 8% B 1Yk ez B R 4
TR ORLI) AR R 2 7 A i R A N L A 6 i



R %ot B & 5 s SR ALE) 69 B 7 BLIR 35

% 6 # 4. F RCIERZ M & 4 )3
77
D
B
c
o) w0

B 6 HZaZMmELRE W@ RC R 3-8 5 i &k
Fig. 6 Load-deflection Curve of Two-way RC Slab Under

Lateral Restraints on Edge

/N AB R BC 1 Bty 52 J 3 115 By BE - B8 & X 1) A BT
SE AT AW N . AB BB A2 5 i A 0 A 5
IVERTBL . B i Ab AR Jis R A SO i X1 iR
3245 2R A PR AT 2.y TR BBE R R L BE
(Y 28 SRR L BB R v 0 B R O M 1 B2 BB A6 T
4 A v RS A TET Pl R L A A i S 4 AT e A
TR PRI AT — 2K P2 b ORI R 2 200K
(71 o 15 A7 200 L A4 1 i 32 25 4 o o0 32 T
RV ZE A A RIS AR . B 2 e BE 4k 2 5 m
52 S JHE R 7 AR ARG o A R L B 7 O T e R
C AR Al e DX 14 39 58 e 1 38 9 5 72 S i 77 5 B
DEPEARZEIE . TR O XY T 3R i A2 7 R
(1 ) B 2 T A2 r L B AR Al Y Th BB 2 T
R JRE o Al A Al e DX B4 XS 1] 499 53 T 1 A9 1 32
2 3O Ak SR 3 A S I 2R A SRIB PR B B, b
BERIIA D i IS 8055 Tty W 228 ol 3 A ) JFG At S 20 1
FUREIR . 2 R0 IR T (A AR A A B B BR o 2K
R B IR XA A » 32 37 9 I I B PN TRV 9 R B
o A5 52 B R L 14 £ 8 o Al PR A 2

Wang™* Ay 32 BEHE 26 RO B0 - B B 1 K4
JEE TR 7 A W R AN 8 A R BT G R T TN
IR DU B (7R3 . T BHAE A 2 A4S 10 2
HE 2R 45 K49 1) 048 B9 BE L BB IR AL R {80 183 AL o)
BT IA R SRR M 23 XoF 25 1 1) BT 480 35 M e A R
P T SRR i 2 A B 1) £ 23 RS AR A )
ROV KR . S AR A AR S B S BT TR
JE LG N FE R B BT 20 & MEAR 1A 52 7 s i A1 i
2L B 2 5 RS A A SR I 250 1 AL B TR S 0 1) I £ TR
B A RAE S B B it b o [l A BRI 1852 s B LS 4% v
L ARTE DX 131 7 o e 4 52 0 90 B0 0L 48 8 2 4
4571, Fu 5 50 T B 45 AL A ALG 254G 1) 1% S 3
BN O X = 252 & B SR AR BE AT R ) 0T RS Ay
A AL S AR e R o AR L I O LS = 3 Y i
LR RONE U AR P e A L A B rp i B RO L

AR LR RUMAE T A A

RC HEZRZE ¥y 3% 2 48] 3 i e v 20 5 B AR ™ 2B
P T A0 RO T LA 3 R 8 R AT e AR BR R 2
S 2 YR B A T I B el N RS AR TR I A i
SRR B T 2 SRR AL N B SR . 2 X T
JCRAF DL A5 B A I T80 0 4 BF 58 8 22 o X i 2
3 335 95 0 T 26 R A I A0 B F S /L L B AT TR
TR RN S 2 [ AR AR R AL EE R R 200
5 1 A 5 1k — 20 i S B S R SR

3 & i&

(1) RE 2R 0T 45 4 32 252 18 33 04 52 Wi 55 4 Bir Ak £
MV AT G, 2 52 R 205 A 34 2 18] 35 BB 77 o H 22 1Y
SRz —,

(2) B 2 /b RE B2 w5 45 0 BT i 28 181 36 BE
2400, AF 3 S ) 3R VT I T 220 W AR 4 T (EL3
PR X 45 ) 1 52 4B 433 E 0 B 52 W 2 5 A A i R AR
H—2aie . ARt — PR, BARA S
TR D B B A 50 (R0 S TE A A IR A TR
PE— 2 B KIE

(3) BUAT 56 T 45 4 e 3% 2 421 38 1 7F 92 LA RO
AR F IO SR | R 25 A B0 3 22 3] 33 1Y
PEHIBRUE T HIAT BROGEAE 45 I R B A TR L 45 H 45
WIFARGE— . PRI A — 58 1Y 25 55 . AN BEAR 4 3
FHF U AR v 09 2 5 o 8 B80S oK i 5 8] 338 Y
IS .

() BARTT A BT HS PUR BT AR N RN 254
Y BT 3% 20 8 B BE 0 B AT — 7 B9 52 o L L Ak B
T A » BETT I AT 2% 18 1 R T 1l 52 A 47F 5 45

(5)RC Z5 4 1) 18] 335 HIL 1 AR 4 e 32 3 B Bt A [
A 53 BERLH CH HEDIL D | A8 B e ML i R0z Hs il i
B . 2 b e )m A TR AL CRs BERL D FB ik Ze bl
il o M e VP T AL o) R AL R (RN
[ ¥ 1 1 PR BIL A 2 16 %R 10 0 B8 4 95 A S5 F 72
AR,

(6) BR T BUAT A BORFNK - 78X 2548 14 22 45] Be
AT 5 T AR A A 27 355 X £ K A7 2800 JH B T 7 A 1
ook A 2R AL A7 B RN R 45 A 1 A e o )
255 ) 1 52 00 355 1) 2 W AT R T L X R R R 55 T Y
—A il

S & k-

References:

1] fdh BRI, 4540 Uit 28 8] 35 B it 0 0 7 1k 4R 1



36

EAMFE TRFIR

2018 5

[3]

[4]

[5]

[7]

[8]

L9]

[10]

[11]

[12]

[J]. g 24 4R ,2009,30(H8 1) :195-199.
FU Xueyi, HUANG Jun-hai. Structural Design
Methods to Prevent Progressive Collapse[ ]J]. Journal
of Building Structures,2009,30(S1):195-199.

T3 AR . S A T Sk M B) B (8 R 0L 0T IR O 5T
[D]. dbgt. o = H Rk 0 5 B . 2011

WAN Fu-lei. Research on the Numerical Simulation
Method of Building Structure Progressive Collapse
[D]. Beijing: China Academy of Building Research,
2011.

PRI, 22 R HEAL G5 K BT 7 22 (80 35 43 A [ DL )0 4
P K%, 2010,

HE He-ping. Progressive Collapse Analysis of Multi-
storey Frame Structures[ D]. Guangzhou: South China
University of Technology,2010.

STAROSSEK U. Typology of Progressive Collapse
[J]. Engineering Structures,2007,29(9) :2302-2307.
GSA 2003, Progressive Collapse Analysis and Design
Guidelines for New Federal Office Buildings and Ma-
jor Modernization Projects[ S].

DOD 2010, Design of Buildings to Resist Progressive
Collapse[ S].

EN 1991-1-7: 2006, Eurocode 1: Actions on Struc-

tures Part 1-7: General Actions Accidental Ac-
tions[ S].
AN ZE G BRGS0 TR B AR R o 2 4

) — i AL B L [T ], TR J127,2016,33(3%)
72-78.

DIAO Meng-zhu, LI Yi, LU Xin-zheng, et al. A Sim-
plified Simulation Method for Progressive Collapse of
Reinforced Concrete Slabs[]]. Engineering Mechan-
ics,2016,33(S) . 72-78.

TOHIDI M, BANIOTOPOULOS C. Effect of Floor
Joint Design on Catenary Actions of Precast Floor
Slab System[ J]. Engineering Structures, 2017, 152
274-288.

ALASHKER Y,LI H,EL-TAWIL S. Approximations
in Progressive Collapse Modeling [ J ]. Journal of
Structural Engineering,2011,137(9):914-924.

KIM S, LEE C H, LEE K. Effects of Floor Slab on
Progressive Collapse Resistance of Steel Moment
Frames[ ] ]. Journal of Constructional Steel Research,
2015,110:182-190.

EHEE A VL, BN SE IR BE T AE SR 45 i T AR
PO % S 8] 38 RN 1 3 T LD ] me B R 2 2 e SR
R »2014,38(6) :548-552.

WANG Hui-bin, ZHU Jiang, XIONG Jin-gang, et al.

Analysis on Floor-collapsed Progressive Resistance

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

Effect of RC Frame Structures[ ] ]. Journal of Nan-
chang University; Natural Science, 2014, 38 (6) ; 548-
552.

ZRAS 55 . 4 VR B R AE BT SRR O A AT LT ). T
40 7% 55 0 [ 2 . 2017,39(2) : 30-35.

L1 Fu-yong. Progressive Collapse Simulation of Rein-
forced Concrete Frames[ ] ]. Earthquake Resistant En-
gineering and Retrofitting,2017,39(2) :30-35.
FE R R AR RC AE 4 45 44 0 % 22 18] 55 14 BE 19 52
[D]. P44 . K% K%, 2015.

CUI Rui-fu. The Influence of Floor Slab on the Col-
lapse Resistance of RC Frame Structures[ D]. Xi’an:
Chang’an University,2015.

AN A2 SCE TN AL TR BRE  E A 45 AL B AR X
PSP R 35 p 2 ma LT 0. HOol BR 42 42 4, 2014, 26
(4).:110-113.

LI Ya-e,ZUO Wen-wu, WANG Jia-xiang, et al. Influ-
ence of Concrete Frame Structure Floors on Progres-
sive Collapse[J]. Journal of Gansu Sciences, 2014, 26
(4):110-113.

7o 3K AR TR B e HE AR5 4 BT 3 5 48] 58 1 BB 1 52
D], 22 M. 22 TR 2, 2014.

ZUO Wen-wu. Influence of Slabs on the Progressive
Collapse Behavior of RC Frame Structures [ D],
Lanzhou: Lanzhou University of Technology,2014.
QIAN K, LI B. Slab Effects on Response of Rein-
forced Concrete Substructures After Loss of Corner
Column[JJ. ACI Structural Journal, 2012, 109 (6):
845-855.

LIM N S,TAN K H.LEE C K. Experimental Studies
of 3D RC Substructures Under Exterior and Corner
Column Removal Scenarios [ J]. Engineering Struc-
tures,2017,150:409-427.

FEEAR AR BUIR. B9 A7 IR BE 1 AR AR BT % £ 18] 1 Pk RE 4
TERLL A Hr L], 54544 ,2010,40 () . 358-364.

QI Hong-tuo, L1 Qi-lin. Research on Crush of Rein-
forced Slabs in Progressive Collapse [ J]. Building
Structure,2010,40(S) :358-364.

LU X Z,LIN K Q,LI Y,et al. Experimental Investi-
gation of RC Beam-slab Substructures Against Pro-
gressive Collapse Subject to an Edge-column-removal
Scenario[ J ]. Engineering Structures, 2017, 149 91-
103.

faf b BRLGE NAT7 TR T R AR HE SR 85 ) BT 3 2 18 3
PEREMISZ WD Kb W B K% . 2014,

HE Sha-sha. The Influence of Cast-in-place RC Slab
on the Progressive Collapse Resistance of Frame

Structure[ D]. Changsha: Hunan University,2014.



% 6 ¥ A LFRCAERLZME LB Y 0 B X 5 sRALH 69 5F 2 IR 37
[22] #  #0. RC HEZR G5 H 5 5 F1RE M X 45 #) e 34 22 51 3 MA Ren-le, HUANG Xin, CHEN Jun-ling. Analysis
PERE R IR 52 [ D, M R I R Tl K2, 2011, of Performance of Beam-column Connections of Steel
ZHAO Ying. The Influences of Joint and Slab on the Frame in the Progressive Collapse of Structures[J].
Progressive Collapse-resisting Performance of RC Journal of Qingdao Technological University,2009,30
Frames[ D]. Harbin: Harbin Institute of Technology, (2):31-35.
2011 (311 BRpie , &7 SCHE . 2 45 . AE 48 45 1 R B A Y A B 4e
(23]  FE/DEF. 55 TR E L HE B 55 K BT % S2 48 38 43 75 1k B EIRERE]. T KA HAARLAE IR . 2016,
FELD]. V4% . P2 FRH K%, 2012, 44(1):53-58,135.
TONG Shao-xuan. Research into Reinforce Concrete CHEN Jun-ling, SHU Wen-ya, LI Jin-wei. Perform-
Frame Structure Progressive Collapse Analyze Meth- ance of Various Steel Moment Connections Under
ods[ D]. Xi’an: Xi’an University of Architecture and Progressive Collapse Scenario[ J]. Journal of Tongji
Technology.2012. University: Natural Science,2016.44(1):53-58,135.
[24] BE k. ZEHEEEE R w a0 RC HE 42 1% 22 3] 15 70 i [32] MAIN J A,SADEK F. Development of 3D Models of
[D]. 2R3 BT Tk 2%, 2013, Steel Moment-frame Buildings for Assessment of Ro-
CHEN Zhuang. Progressive Collapse Analysis of RC bustness and Progressive Collapse Vulnerability[C]//
Frame to Consider the Impact of Infilled Walls[ D]. ASCE. Structures Congress 2009. Austin: ASCE,
Wuhan: Wuhan University of Technology.2013. 2009.1-8.
(250 5 k. 22 )2 WO AR B o AE S 44 0 14 25 181 345 1 RE BT [33] YU M,ZHA X X, YE ] Q. The Influence of Joints
8D, e #B - P4 B 32 K2k, 2012, and Composite Floor Slabs on Effective Tying of Steel
LU Lei. Study on Multi-layer Reinforced Concrete Structures in Preventing Progressive Collapse [ ] ].
Structure Prevented Progressive Collapsed Perform- Journal of Constructional Steel Research, 2010, 66
ance[ D]. Chengdu: Southwest Jiaotong University, (3):442-451.
2012. [34] KIM T, KIM J. Collapse Analysis of Steel Moment
[26] #EF. ETFHZEERITH RC HEZL S5 M) b % 2218 5 fE Frames with Various Seismic Connections[ ] |. Journal
JiFEE D], B AR - P RS 338 kK2, 2012, of Constructional Steel Research, 2009, 65(6):1316-
YANG Xue-lei. Research on the Progressive Collapse 1322.
Resistance Capacity of Earthquake Resistant Design- [35] KIM T,KIM J. Progressive Collapse-resisting Capaci-
based RC Frame Structure[ D]. Chengdu: Southwest ty of Steel Moment Frames Considering Panel Zone
Jiaotong University,2012. Deformation[ J]. Advances in Structural Engineering,
[27] REZVANIF H.RONAGH H. Span Length Effect on 2009,12(2) :231-240.
Alternate Load Path Capacity of Welded Unreinforced [36] YANG B,TAN K H. Experimental Tests of Different
Flange-bolted Web Connections[ ] ]. Journal of Con- Types of Bolted Steel Beam-column Joints Under a
structional Steel Research,2017,138:714-728. Central-column-removal Scenario [ J ]. Engineering
(28] #&Ji. A #h. WSS K BB SL B 350 [E 1 2, Structures,2013,54:112-130.
[ :CN101736817A[P]. 2010-06-16. (371 )N 9 F355 18 6 M 2 4% ) Jomy 3505 A 2 o 37 82 40 43 11
DU Xiu-li, SHI Lei. The Strengthening Beam-column MDY, 22 . 2% K2, 2013.
Joint of Steel Structure, China; CN101736817A[P]. SI Ying-shi. Local Structures of Reinforced Concrete
2010-06-16. Frame Structure’s Influence on the Continuous Col-
[29] T PH.ARLESK, ITIHEAR , 25, 22 & 45 52 i (1 404 HE 20 lapse[ D]. Lanzhou: Lanzhou University of Technolo-
S5 7 SRR A AT LT ). A S A5 H 2= 4, 2015,36(12) gy»2013.
11-18. [38] KANG S B, TAN K H. Progressive Collapse Resist-
DING Yang, SONG Xiao-ran, SHI Yan-chao, et al. ance of Precast Concrete Frames with Discontinuous
Progressive Collapse Analysis of Steel Frame Struc- Reinforcement in the Joint[J]. Journal of Structural
tures Considering Influence of Steel Connection[]]. Engineering,2017,143(9):04017091.
Journal of Building Structures,2015,36(12):11-18. [39] Z= #F.B 8K, 5. WA RCHEZL S It
[30] EhANSRk.8 2% DRZ0S. NHE QAT 1 TR 45 1 i 4 MR AR T R[] TR 4%, 2012,29(12)
{38 A PERE o> B L) ], 3 5 3 TR 2 4l 2009, 30 80-87.
(2):31-35. LI Shuang,ZHAO Ying, ZHAI Chang-hai, et al. The



38

EAMFE TRFIR

2018 5

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Influence of Joint on the Progressive Collapse-resis-
ting Performance of RC Frames[ J]. Engineering Me-
chanics,2012,29(12) .80-87.

% . FIBEPURBOT SRR R COAER ST
TSR OF AT [D]. B A B B R, 2015,

LI Huan. Simulation Analysis on the Progressive Col-
lapse Resistance of Reinforced Concrete Frame While
Considering the Effects of Seismic Design and Infilled
Wall[D]. Nanchang: Nanchang University,2015.

X 2. B IR TGN B 0 N A7 TR B L AE AR A5 Al B IE
SeEIHIER D] P« I AR BRR %, 2012,

ZHAO Xin. Research on the Progressive Collapses
Resistance Performance of Reinforced Concrete Frame
Structure Including Effects of Infill Walls[ D]. Jinan:
Shandong Jianzhu University,2012.

KAUSHIK H B,RAI D C,JAIN S K. Code Approa-
ches to Seismic Design of Masonry-infilled Reinforced
Concrete Frames: A State-of-the-art Review [ ] ].
Earthquake Spectra,2006,22(4):961-983.

QIAN K, LI B. Effects of Masonry Infill Wall on the
Performance of RC Frames to Resist Progressive Col-
lapse[J]. Journal of Structural Engineering,2017,143
(9):04017118.

SASANI M,BAZAN M, SAGIROGLU S. Experimen-
tal and Analytical Progressive Collapse Evaluation of
Actual Reinforced Concrete Structure[ J]. ACI Struc-
tural Journal,2007,104(6):731-7309.

SASANI M, SAGIROGLU S. Progressive Collapse
Resistance of Hotel San Diego[ ] ]. Journal of Struc-
tural Enginecering.2008,134(3) ;478-488.

SASANI M. Response of a Reinforced Concrete Infill-
frame Structure to Removal of Two Adjacent Col-
umns[ J ]. Engineering Structures, 2008,30(9) ;2478-
2491.

BEOULL WA . i R I AE S 4 A v S A 0 1 R )
Syrl)]. BB B TR A2 224, 1998,23(1) : 25-28.
FAN Jiang. TAO Yan. The Stess Analysis of Mason-
ry Infill Walls in Reinforced Concrete Frame Buildings
[J]. Journal of Kunming University of Science and
Technology,1998,23(1) :25-28.

F A RC 73 [A)HE 42 3 75 85 25 4 34 2518 3 7] 4 A A
W5 % WITE (D] MR . R IE Tl K27,
2012.

WU Chun. Visualized Simulation and Safety Assess-
ment for Progressive Collapse of RC Space Frames
with and Without Infilled Walls[ D]. Harbin: Harbin
Institute of Technology.2012.

BASERY. RC SR 70 80 HE A2 1 22 48] 5 AL R BIF 52 (D . i3 /R

[50]

[51]

[52]

[54]

[55]

[56]

(58]

I W JR I Dl K 2%, 2016,

SHAN Si-di. Research on Progressive Collapse Mech-
anisms of RC Frames with Infill Walls[ D]. Harbin:
Harbin Institute of Technology,2016.

XA S 15 S . T IR S A 0 AE B 45 4 52 ) M ik s
W I S L. A A R4, 2012(3) - 24-25.

ZHAO Fu-jia. FENG Qiang-qgiang. Research on the
Influence of Opening In-filled Wall to Mechanical Be-
havior of Frame[]]. Fujian Construction Science &
Technology,2012(3) :24-25.

TSAI M H, HUANG T C. Progressive Collapse
Analysis of an RC Building with Exterior Partially In-
filled Walls[J]. The Structural Design of Tall and
Special Buildings,2013,22(4) :327-348.

. HE 2R TR A 1A IS 8 7 T A 3 7 TR REBIE AT
[D]. Kb KT R, 2015.

GAO Li. Research on the Mechanical Behavior of Ma-
sonry Infilled Wall with Opening Under Out-of-plane
Loading[ D]. Changsha: Changsha University of Sci-
ence & Technology.2015.

Bk e, RC AR5 H i 6 5 3 B 45 07 15 0 e p
TAGLD]. Kb IR K2, 2013,

CHEN Lei. Analysis and Reliability Assessment on
Progressive Collapse Resistance of RC Frame Struc-
tures[ D]. Changsha: Hunan University,2013.

BAO Y H.,KUNNATH S K, EL-TAWIL S, et al.
Macromodel-based Simulation of Progressive Col-
lapse: RC Frame Structures[ J]. Journal of Structural
Engineering,2008.,134(7) :1079-1091.

CORLEY W G. Applicability of Seismic Design in
Mitigating Progressive Collapse[ C]//National Insti-
tute of Building Sciences. Proceedings of National
Workshop on Prevention of Progressive Collapse.
Washington DC: National Institute of Building Sci-
ences,2002:10-11.

HAYES ] R, WOODSON S C,PEKELNICKY R G.
Can Strengthening for Earthquake Improve Blast and
Progressive Collapse Resistance[ ] ]. Journal of Struc-
tural Engineering,2005,131(8):1157-1177.

BILOW D N,.KAMARA M. General Services Admin-
istration Progressive Collapse Design Guidelines Ap-
plied to Concrete Moment-resisting Frame Buildings
[C]//ASCE. Structures Congress 2004. Nashville:
ASCE.2004:1-27.

CORLEY W G,MLAKAR P F.SOZEN M A, et al.
The Oklahoma City Bombing: Summary and Recom-
mendations for Multihazard Mitigation[J]. Journal of

Performance of Constructed Facilities, 1998, 12 (3):



% 6

§ & ¥ 4, F  RCAE 42 45 ik 4 19) 35

g9 2
#

vty B 5 B 3R AL 69 BF 7 BLIR 39

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

100-112.

YAP S L, LI B. Experimental Investigation of Rein-
forced Concrete Exterior Beam-column Subassemblag-
es for Progressive Collapse[ J]. ACI Structural Jour-
nal,2011,108(5) :542-552.

QIAN K, LI B. Experimental and Analytical Assess-
ment on RC Interior Beam-column Subassemblages
for Progressive Collapse[ ] ]. Journal of Performance
of Constructed Facilities,2011,26(5) :576-589.
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.
VLR UG, I DA — . ot 350 405 ) 37 48 1k 1B 0 KRG 4 o s 3
FIWFSE IR LT ] £ AR TR 242, 2008,41(6) : 1-8.
JIANG Xiao-feng,CHEN Yi-yi. A Review on the Pro-
gressive Collapse and Control Design of Building
Structures[ J]. China Civil Engineering Journal, 2008,
41(6) :1-8.

POWELL G. Progressive Collapse:Case Studies Using
Nonlinear Analysis[ C]//ASCE. Structures Congress,
2005. New York: ASCE.,2005:1-24.

OSTERAAS ] D. Murrah Building Bombing Revisi-
ted: A Qualitative Assessment of Blast Damage and
Collapse Patterns[]J]. Journal of Performance of Con-
structed Facilities,2006,20(4) :330-335.

WAL XMARL, SR M S R TR B b R 2R %
SLEIHAT R AT T SR 5 T AR %M, 2014, 31
(4):35-44.

HUANG Hua, LIU Bo-quan, ZHANG Bin-bin, et al.
Analysis of Progressive Collapse Behavior of Earth-
quake-resistant Reinforced Concrete Frame[]]. Jour-
nal of Architecture and Civil Engineering, 2014, 31
(4) :35-44.

GURLEY C. Progressive Collapse and Earthquake
Resistance[ J ]. Practice Periodical on Structural De-
sign and Construction,2008,13(1) ;19-23.

B SR e s B R AE A5 B S TR RE R e A
SERPTE S A IR AT L)), £ AR TR %40, 2016,
49(2) :31-40.

CHU Ming-jin,ZHOU Yu-long, LU Xin-zheng, et al.
An Experimental Study on One-way Reinforced Con-
crete Beam-slab Substructures for Resisting Progres-
sive Collapse [ J]. China Civil Engineering Journal,
2016,49(2) :31-40.

Z= Gy B BEFTAE. R T RE & O i RC HEZR 45
F E LE B BT e R AT 1 ML LT ], R ST 2
#2,2011.32(11) :1-8.

[69]

[70]

[71]

[72]

[73]

[74]

[76]

[77]

LI Yi, YE Lie-ping, LU Xin-zheng. Progressive Col-
lapse Resistance Demand of RC Frame Structures
Based on Energy Method | : Beam Mechanism/[]].
Journal of Building Structures,2011,32(11);1-8.
RETENI 528X 5, 4 S A TR R L S T AE 2R 2
P40 2 S 0 3 AL AR F 58 [T ). S 45 . 2013, 43(9)
105-108.

XIONG Jin-gang, WU Zhao-qiang, ZOU Yuan, et al.
Research on Progressive Collapse Mechanism of RC
Spatial Frame Structures [ J]. Building Structure,
2013,43(9):105-108.

IR .2 G BOBAE 5. 89 A IR BE D NE AR BT i 2
{835 10 F SR AL 4» AR B[], AR O 4%, 2016, 33
(4):34-42.

ZHOU Yu-long, LI Yi,LU Xin-zheng,et al. An Ana-
lytical Model of Compressive Arch Action of Rein-
forced Concrete Frames to Resist Progressive Col-
lapse[ J]. Engineering Mechanics,2016,33(4) :34-42.
PARK R,GAMBLE W L. Reinforced Concrete Slabs
[J]. Wiley,1980,4(4) :636-645.

SU Y P, TIAN Y, SONG X S. Progressive Collapse
Resistance of Axially-restrained Frame Beams [ ] ].
ACI Structural Journal,2009,106(5):600-607

S BUREAR L RR WL 2B I KON Y A A TR BE 1
X5 % 8 ) AR 48 0 i L) . SR 5 #0244, 2013, 34
(4):32-42.

WANG Ying,GU Xiang-lin, LIN Feng. Vertical Bear-
ing Capacity of RC Two-bay Beams Considering Com-
pressive Arch Action[]J]. Journal of Building Struc-
tures,2013,34(4) :32-42.

KANG S B, TAN K H. Analytical Study on Rein-
forced Concrete Frames Subject to Compressive Arch
Action[ J ]. Engineering Structures, 2017, 141 373-
385.

fap W, BV, ME SR £ 4 B BE 2 800 I 5T R E
[J]. h2e b BB ,2012,42(5) . 547-561.

HE Zheng, HUANG Guo-hui. Progress in Studies of
Catenary Action in Frame Structures[ ] ]. Advances in
Mechanics,2012,42(5) ;547-561.

YU J,TAN K H. Experimental and Numerical Inves-
tigation on Progressive Collapse Resistance of Rein-
forced Concrete Beam Column Sub-assemblages[ ] ].
Engineering Structures,2013,55:90-106.

Gy AR A TR B R AE SR AR 5
PERE Y I B WF 52 [T ). 2 S 45 M9 4 4. 2009, 28 (5) -
104-109,117.

Y1 Wei-jian. HE Qing-feng.XIAO Yan. Collapse Per-

formance of RC Frame Structure[ ] ]. Journal of Build-



40

EAMFE TRFIR

2018 5

(78]

(79]

[80]

[81]

ing Structures,2009,28(5):104-109,117.

ORTON S, JIRSA J O,BAYRAK O. Carbon Fiber-
reinforced Polymer for Continuity in Existing Rein-
forced-concrete Buildings Vulnerable to Collapse[ J].
ACI Structural Journal,2009,106(5) :608-616.

A Gy BEBAE  #E5F. BT RE 7 A 1 RC HEZR 25
¥ LB BT T R AT 1 e L LRI ()], e 3045
224 ,2011,32(11) : 9-16.

LI Yi, LU Xin-zheng, YE Lie-ping. Progressive Col-
lapse Resistance Demand of RC Frame Structures
Based on Energy Method || : Catenary Mechanism
[J1. Journal of Building Structures, 2011,32(11);9-
16.

T, B B, BRI 25 pE R 4R RN 1Y A A TR
T HE SR EE AL P SEEIH AR ) o AT T ). A S 2
2017,38(4) :28-34.

YU Xiao-hui, QIAN Kai, LU Da-gang. Progressive
Collapse Capacity Analysis of Reinforced Concrete
Frame Structures Considering Catenary Action[ ] ].
Journal of Building Structures,2017,38(4) :28-34.
NAJI A. Modelling the Catenary Effect in the Pro-
gressive Collapse Analysis of Concrete Structures[J].

Structural Concrete,2016,17(2) :145-151.

[82]

[83]

[84]

[85]

Pk . RC HE R &5 BT i 28 8] 8 b R ARl Fe &R
YERWFSELD]. Kb MR K2, 2014.

CHEN Xi. Study on the Arch Action and Catenary
Action for RC Frame Structures to Resist Progressive
Collapse[ D]. Changsha: Hunan University,2014.
WANG Y C. Tensile Membrane Action and Fire Re-
sistance of Steel Framed Buildings[ C]//HASEMI Y.
Proceedings of the 5th International Symposium on
Fire Safety Science. Melbourne: International Associa-
tion for Fire Safety Science,1997:1117-1128.
WEMLE kLE R BT RN Y 5 HE 28
PUZE S BB AT AT L)) Tl 2 57, 2016, 46 (3): 113~
118.

SHI Feng-wei, WANG Lai, DONG Shuo. Progressive
Collapse Analysis of Steel Frame Structure Based on
Membrane Action of Composite Floor Slabs[J]. In-
dustrial Construction,2016,46(3):113-118.

FU Q N, TAN K H,ZHOU X H, et al. Numerical
Simulations on Three-dimensional Composite Struc-
tural Systems Against Progressive Collapse[ J]. Jour-
nal of Constructional Steel Research, 2017, 135 125-
136.



