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Force Mechanism and Influencing Factors of Precast Monolithic

Structures to Resist Progressive Collapse

HUANG Yuan'?, CHEN Gui-rong'*, HU Xiao-fang'*
(1. Hunan Provincial Key Laboratory on Damage Diagnosis for Engineering Structures, Hunan University,
Changsha 410082, Hunan, China; 2. College of Civil Engineering, Hunan University.
Changsha 410082, Hunan, China)

Abstract: In order to study the force mechanism of arch compression and catenary stages, the
monolithic precast concrete frame (PCF) models were established by SAP2000 and verified by
experimental data. On the basis, the analysis models were established, and the A2 model was
selected to analyze the mechanism of the two stages in detail. Then, the bearing capacities of two
stages were compared with the classical plastic hinge theory, and the capacity increase coefficients
of arch compression mechanism and catenary mechanism were defined as 7 and & respectively. The

effects of parameters, such as span-to-height ratio, number of storey and reinforcement ratio and

W is EHEE:2018-11-16
EEUB :EHRXARB¥HELIH (51478174)
TEHZR A3 (19820, B LW Kb A #09% 1 L5848 8, T 2418 1, E-mail . huangy@hnu. edu. cn.



32

HHAFE TRFIR

on the collapse resistance of the structure were studied. The results show that when the bottom
reinforcement ratio increases from 0. 44% to 0. 88%, the maximum bearing capacities of arch
and 88.7%

respectively, and the value of 5 decreases from 1. 25 to 1. 22, and the value of 7 increases from

compression mechanism F,, and catenary mechanism F,. increase by 37%
1.06 to 1.45. When the top reinforcement ratio increases from 0.66% to 1.03%, F, . increases
by 25% , 7 decreases from 1. 25 to 1. 20, while F, . changes slightly, and & decreases from 1. 57 to
and F,.
decrease by 67% and 59% respectively, 7 decreases from 1. 33 to 1. 18, and & increases from 1. 44

1.16. When the span-height ratio increases from 8 to 15 (changing the span), F,.,

to 1.59. When the span-to-height ratio increases from 8 to 15(changing the height of beam), F,,
and F, . decrease by 87. 7% and 59. 9% respectively, 7 decreases from 1. 35 to 1. 08, and &
increases from 1. 44 to 3. 85. When the number of stories increases, y decreases, but & increases.
The stiffness of lateral restraint has a great influence on the catenary effect. When the column’s
relative flexural stiffness is large or the number of spans with lateral restraint is large, the effect
of catenary is more significant.

Key words: precast monolithic structure; progressive collapse; arch compression mechanism; cat-

2019 5

enary mechanism; influencing factor

0 3

T SRS R e e T A B e i O B N B AT
HERMZFFHIK 2001 441 25 i 57 K 2] 45 25 &
RESAIRE SR T2 R0 2 RE,

Jis BERE B 2R B B i 22 B B R b 2
IR B [ A 2 R IX 2 A B BERY 2 T3 HL R
AT THESE . Park 55025 A O 5 2 W52 5
PR BOR B AR E3 S 2 B
52 IPIRAS RSB AGE T B R LR R T, W E
VA X R AR HEAT T A L B T AR SRR A
. Valipour ST — e B BT 4R I T — b
TR BE T HE AR LA A BT s . 2 5 55 AR i g
kLA TR ALE T A5 R A A S
Su BT 12 A RAFREAT T, BRSO A
5 v LA XS S A PO R R AR A S . Yu ST SE
IR 1 3% $75 2XL E A 25 45 D3RO0 T L B B
SYIN LR AP

% e TR W6 s SRR M PR T PR L B B
e o TN T R R SR R R RS PR T AR
R ORI, R 28 BRI
DEA AL BT AR M AR T x4 M R R - A5 R Y
PUBIR B TR L N A b 2 R TP FE . A3
ik SAP2000 B A Xt 2 e % 1A UHE L (PCF) 15 3%
S8 B B T 2 D LB AT T WRSE L A AT T A
(7 E B R e VBC AT R AR 6 A2 O B R TR BE Y R
Wi L TS BR S %

[

1 REETS5WIE

11 EEgEST

TE SAP2000 H N7 AR Y L Xk &5 4 14 L 8 338 1 fE
BEFT Mo SR FHE 22 B ST AL DL A 1) 32 ) P BE . 1
T U 2T 2 BOR AR DU AR £ M 1R B L A 4 A R 4[]
L 7R o TR 3% 20 80 B o AR v Bl 1) 29 0 2 7 R TRt
RO+ (o S A AR B A Ty 8 A 2B AR B T
P RAFR) B VR B B O A B AR SO 4
FCEEHR 0. 5 A5 A g BEH O K AR AT AR AL L Al 4
BRSPS

— pan © AR B TERA B E A BT
- BRmE
n B R

o o B | ommss
o <] o BEt L4 4
[o] [o]

g g

g 8

g 8

e

1-180m

B 1 FHEER
Fig.1 Fiber Model
R BE LV 11 7% (o6 ) K F2 2R ] Mander $i2 i
RYRLRL, TP 2Ca) B/ s A ove 0% 38 R HBUATT
B 2Ch) s P 2 s o TR BE O 0
JE vec JIRBE 4 52 T W N A2 e S YR BB 1 A BR



#

WL E A X SRR EGEIR T AN B YRR E 5

33

(8) BEELMS-BEXR

B2 #HAEXE
Fig. 2 Stress-strain Relationship of Materials
A8 o IR BE LU R e, IR BE L Z AN S,
R B3 W BT 5 L e A A R RS L ke S A 5
REAL B AR O B A9 ot IR 55 2 ey S TS i IR
AR s ey 7 B A3 B AR XS L ) L
AR SCHESRBERY i ) B2 2 O 5 B2 AN 1RT 3 ()
71 Fe AP SR 20 O TR B . BT R B B T Ak Y
Bh4h R AR T IS IR BE L H ST AL ) 2 45 BT R0
JES5VFZ N ZR M JOE eI B IR B L 5%
TET Ak 95 BB - TR SR BE B Ry O i T 22 4, SR T Ak TR
e LA SC R A 3(h) iR .

&g

08y &y

(b) MBI - KR

TEABRAL B 3 R AL B8 28 O 78 230 T8
R LA T . AE SAP2000 AR AL A Jin 2 i
AR b 20 R SRR Bl 2 RSE S T A G
(I 4D R 5L B A K 22 200

B4 mEpER
Fig. 4 Loading Pattern

1.2 #RBIGIE

PEHCSCHRC12 ], 13 1H iy P14 . ST il F & 3¢
FRCLA I A HE SR AT RS AU B0 UF , b P1 AT ST 344
h YRR TR RE SR O TAE SR . A& R LA
R KB an 18 5 s, Horb 1 A UEAESD 4% .2 4
AR ' T, 3 il 4-1~4-4
MR AL AR, 5 AT 433, 6-1 ~6-8 R iR &E £ h A8

P emrEtLass . O B IE 3 B A R X 45 4 1) B 48 355 1 g
#— ; AR AT, P12 44 R0 HE 2232014 43 g A 81 4% . {0 S1 3R
/ A 85 1) S R 5 A 2 TR AE A (AL B, AN BB e [ 2 A 40
’ : R 5 TS S0 1o 24 o, AR SR 15 ] o
[ PR 2-28H 0 S Bimix B S5, =R ICE BR oo A A ey 381
@ BAR (b) RFLAFHXR B S5k g 25 X kb, 25 R 6 iR (P oA fo
B3 BA%ag =N VEAE RN e N RS e RT3 E i i
Fig.3 Modeling of Superposed Beam 3 BE NS AR 47 o A5 400 HE 20 0 D B B 4 AN . T T
, 2100 = l{'ﬁ
T i g 1
I N I 5 O .
—— L R6@140 Pyve = 3|3l
(a) PURMEJLA R + gl =
| 2750 . @ IGT i 42| 3§5 4-3 4-4
I 1T o e}
: 1000 1000 2505 =l 6.1 62 e 2 el 6-7] 6.8
[ 1T13+2T10 [ 2T10 1T13+2T10 £ ="y 637'}7'/?4 620 e 779/}/
Sl EES iR ® ® © ®
T10 7 aTio. 520, 500 P b 2267 . 2267 | 2267 | 2267
| re@s0, R6@100 R6G50 ie . 10668 ,
400 ' ' '
200,
(b) STREILTR+ © ERTHE
2T10
‘fﬂ E— 4412 44012
Ré@140 R6@100 $6@150 o6@150|R
2 a - =3 0 o
= 2T10 o & &
100 150 200 100
= f— — =l
IBE -] 2-28H 3-38m 4-48RTH
@) mH

B S5 LA R~ R B A (8L mm)

Fig. 5

Dimensions and Reinforcement of Specimens (Unit:mm)



34 EHAFE I EFIR 2019 4
60 f 6000 ! 6000 |
— HB4R ' 2 ' '
a8 e BERISR 2
361
£ . 8|y
R Y1 A CEPPEE o0
12
3¢b25 3820
0 100 200 300 400
A/m‘m 2¢p25 S S
o (a) PlAfE 3425 [ a 220 g
500
“f T Bhak — 220
1- 148 2-28HE
48+
§ B7 HAEKE(EA:mm)
Ay 32} = H
----------- Fig.7 Benchmark Model (Unit: mm)
16
/ x1 BHBRRSHIELE
0 150 2:10 3('50 42';() 660 Tab.1 Parameter Setting for Various Models
A/mm
b) Sli 8]
®) StEfr B Sl ik
1201 s
Al 0.44% (24 20) )
Tz | G p 20 DU RCA T
i p | 0. 88% (4 §20)
A3 0.88% (44 20)
Ad 0.66% (34 20)
A5 D 0.88% (44 20) IR T
) .
. . . . . e ° 0.66% (3 @ 20)
0 100 200 300 400 500 A6 1.03%6 (3425
A/mm Bl 8 i 4 800
© f% BT R T i; o0
i mm
M6 HUERSHBLERMLL 5 | :ﬂ? 5 B 7 200 mm
Fig. 6 Comparison Between Simulation and B4 BB 15 BT 9 000 mm
Experimental Results B5 8 AR TR S 300 mm X 750 mm
N N RN =
HE R B (81 35 1 RE 43 #r Beﬁ?zfﬁ 10 BRI R 250 mmX 600 mm
M
L s B7 12 P R SF 200 mm X 500 mm
2 [/ Ej]l:l JL ghry
:FE;H:*-LEVI- BS - 15 P R SF 200 mm X 400 mm
RN ENCES S T ESIT I NCE 2 . 0.47 [T 100 mmx 400 mm
R PKPM B03H T 6 ARERBIRL, B+ ) P Ly L1 HERIATL 500 mm 20500 mm
fﬂ% jj ﬁj,‘j u & ﬁﬁlj ﬁﬁ 6} %IJ % FH C40, HRB400 ﬂsﬂ C3 K 3.31 R R 650 mm X 650 mm
I o _ . c4 7.59 kA% T 800 mm X 800
HRB335, Hff B R ~F R w5 18 7 B w CIEi ° FERE R 800 mm <800 mm
N N = 5 S, Ny N N 6 D1 1
%&ﬁ%%%%tﬁfﬂ%{ﬁi&%igﬁjﬂ 150 mm-'" o ? o 3
. = ns
MR B G S ROR (S SRR A . TR B .
7R R AR R R SE . A1~ A6 R T RS R E2 | Bs%n 4 PR
650 mm X 650 mm, B5~BS8 & 1 X~ & 800 mm X E3 6
800 mm, columnl, column2, column3 & column4 E4 - column3 -
N :}: EEL '7” y, 6 =
) B ELAK A N E5 lumn2
CiivbE ) B B R I 8 R | | ol s
E6 columnl

3 EHEBEELZANESH

PEH A2 HEZL UE AT PR 35 2 S LI B 5% . 3 A
SR E 9T R, Hodr, Fu N, 043 51 g U i) 4o #% L 42

) GHREAE THOK -2 8% L Fo o T R4 8. F, 4
iy 28 - o oh T SEAL ) e ROR 3T Fo o B iR 2
BLH B KRR T



% 4 53

WL ELERERX SR ESBIR S AN A S AR E SN 35

column4
Ik:olumn1I:L/colungI:I:'/c01u11:1113l:l:|/ Ch k) :L :L l

B8 FEMEME

Fig. 8 Different Positions of Removed Columns

300 — RBMETURTE
/§g}fﬁ& ----- bt ] F,,
200 = ; :
1001
@ 5 N S
g o
~ _100f%
* H
—200(™. i
PR enE  BERAMNEHE
3004 30 60 90 120
A/cm
(a) TR-Br % B2k 58 h-A B i 2%
g
K
“©
155 30 60 90 120
A/cm
(b) o-AME
B9 A2EZRITEHLER
Fig. 9 Calculation Results of Frame A2
Moz FF i 2500, B2 01 TN 32 J1 B B .

et i) 2 B /NI BRAR T A2 4 B B L BT 0 3 o A
YU R TTA 5 Bl A 02 A% (9 3 KL Bk AT HHE By
B s 20 1 1] o % 2 22 1 ORI, 5% oy ik i BEE A R ik
BB,

JEBERN 52 T HLBR A& 10 frs  Horpr, My, O A
WA D A AR AL A S AL M, S B #cE A C A
PR ARG IR . B0 i Al 7 A R B 2SR T T
BORB IR AL D B K 705 . B C U 7K
32 AE A L WA 1] (6 RS B3 O L R Bk b SRR A IR
JE Al AL D T B A VR A R RS T
¥ . B, C I 5 F1 48 F AR b P il A e 3% 0
1718 5 By v P = R A B gl L OF ELAE A B3 . ey
TR AT R = AR 1 N R 2 1) 52
Bl H e A4 0 9k 1 N AR 5 S 7 ) — 2K i
b AR Z W BB S o7 IS Nd B R
iR g A

H1 9 Ca) TR B s T WL N A 55 TR BEBIL A
R AR F R R A N i Fo. B 5
o] (37 # J 00 . NS W3S s A5 d S0 W) F L R
5 B0 R A e AR A X I 2 F R AR N IR
I8 B WAL il g S T R 1 R

mamm
B 10 EHHEH
Fig. 10  Arch Compression Mechanism
2R B e K BB PR N AR I OB H AR LS PRk
SR MO N =0 4 J0 12 00 52 4 A A7 20 fg ) 1) 24
W TETRBE 1 TR A A0t B 28 R B, 45 4 8 i Bk
AEHLAL AN 11 TR

R ER
N_OE u, \ec M, ﬂﬁ
Y4 L% D
gy el mH R

B 11 B8
Fig. 11  Transient Mechanism

Wt 5 17 28 PR R A T 68 1 2 B8 L PR Y R
R T PR ) il s g 32 A Uk T 2 B A
JiEk P 588 A » B 5TE A2 s 0 5453 e A8 k32 1 0 7 2 ol T 1t
B e A2 S e B L (18T 12) o e BL T, 3 50K
T Z A R R B e £ 0. Bt 0 i B R T Y B 1)
Oy JIARAR . M2 A B B 7 A R A 1) N AL
P (P 9) o ZE N0 AC) B0 A3 328 B0l R L g Ik 4 2
24, 2L N A A T I L IS TG 1 4K R B 4 R
Wo M T B HELALH T A B R JE A, . DoD
201087 FLSE Ay A 0. 2L, Ly O — 0 B2 85 5 Yu
SETTEEL A B0 1L, Ly PN B A B L D
U, AR SCHUR RS N 0. 2L, I 14 7K 28 0 A by ek %
LB T AR BR AR .

N

7
T BRERAT

B 12 BELNH
Fig. 12 Catenary Mechanism

4 ZANFZMEZRSH

SRy 3R H HE RN N R B 4 8 X AR R T 1Y 5
Wi, 52 LT 2 A i R E oy R0 &L LU BT 4 S 8O0 Bt
B Z LR s m . y=F,./F.,.é6=F../F.,.
Hr, F, g SO PR T A R 800
4.1 BEF=
4.1.1  JRIE A F

AN Ta] JEe BB BC A AR A1~ A3 (5 45 R
13 fros . [ 13 Ca) i B2 8000 S fif -2 RS it 2k T



36 EHRHAFE TRFR

2019 5

300
2000 eI
¥
1005 ~  TNemmmmm—mo =TT
5 A
5 of T e
& —100 R
—200} R A2(N) e A2(F)
3 o === A3(N) == A3(F)
_ 2 e 5 ! )
3000 30 60 90 120
Alem
(a) TrER-Hr#s dh4k 540 J)-fr %5 dh 4k
1.5
ﬂ -
14 e ¢ .
& .
1.3 B
£ :
Y e
5 1.2 K
1.1F
1.0 . . . ,
0.22 0.44 0.66 0.88 1.10
J B S 5 /%

(b) BEFHML

13 JREDED AR X 3 AL B 0
Fig. 13  Effect of Bottom Reinforcement Ratio on

Force Mechanism

S Sk AR TR i EE

13 () o, i Al (p=0. 44%) 5] A3 (p=
0.88%) B % % &P BC AT R WG Fo .o Fo 40 i 1
T 37% .88, 7% H AL F i HE By B i R A T
. AE R — R LA T L RS A R L FL L
K55 B TE /LS B 4 A KR 38 77 PG 2o
) |5 L R S

13(b) H, i Al (p=0. 44%) 5| A3 (p=
0. 88%0) , Bifi 5 IS HB T A R A 3G s p |y 1. 25 920 3
1.22,6 11 1.06 M%) 1. 45, 45076 285 L HLHI Y
B BR R 2 ) 1 AR A FR A2 #1200 mm &b, T I
IF I A H IR A3 L T B R DI T N A7 AT A R R
GyBIRLTT . Bl R HR T A 23 Y 4 DR CHR AR T T AR AN
AR AT LG K B R AL R R ER ) 1,
PRI AH T S 398 A0 S TG 577 23 1) R O 4 v A L AL
il By ) .
4.1.2 TRIRE AR

ST T90 350 fic 7 R A A Ad ~ A6 T8 25 B an &
14 i, B 14, Ad(p=0.66 %) F] A6(p=
1.03%0) , bifi 45 5% 8 1r T00 350 C 07 2% A 384 KL Fo L 3
T 25%,.F, 8T 3. 3% . Mi%tF F, .. F, 38 Inw
MR E . EMFIRE 1 200 mm CE 4% L300 1Y B BR
BEFE) B o A HB 340 A5 o7 7 30 42 38 4 A 475 7 41
HRER S WL 7 o PRI U BC A R X5 F 9 52 i O
AN,

3001
200} ety

F
1004

F(N)/KN

—100
—200[- ¥\

—300

0 3I0 6IO 9|0 150
Alcm
(a) WR-AB RS h-A B R

-
~
Y
F -
.
t.
-
~
s
1.2F 5
.
.

0.55 0.66 0.77 0.88 0.99 1.10
O BB A 2%
(b) BEFHML

14 ToUEB R A 2 X4 52 S AL BY 52 0
Fig. 14 Effect of Top Reinforcement Ratio on

Force Mechanism

TOUHR C A5 5 X 9 Fl & Y52 ma 4l 14 (b) BF 7R .
H Ad4(p=0.66%) %] A6(p=1.03%) .kl P& m
T M A7 5% (0 4 K. 1. 25 Jd ) 1. 20, & T
L57H /D3 1,16, THABHC A R4 K P B F, 051
K Fo GEARRAS LN H B ERER. 5 F 45
TE /M B I 4 A IR 48 77 o 2 TS0 o 19 o To0 9 e
B SN
4.2 EStt

FH 5 8 b 8 SCT R, S A T 1Y) e B R R AR
3525 5 | L 5 v L 1) A8 Ak OGT 5 B R 0 4y i)
FIESE . A [A] 5 A A Bl ~ B4 & 45 R 15
iR s NP T B5 ~B8 11845 LN &l 16 s,

i P& 15,16 R RN, Bl 728 5 3 R il 72 sy il 5| kS
5 R LL AR AR B Fucs s & ELAY S 0 3502 A
Iy, B 15 Hr, B 9 R A 308 s Ll 8 3 n )
15 B R HERL R R 3 F) Fo 00 T 67 %0, Rkl 2k 4k
W) Fo I8 T 59% .9 1 1. 33 Wl/hg 1. 18, ¢
M o1. 44 B9hNE) 1,59, (8 16 th, sk A8 P o i B
Lo ek 8 48 & 2 15 B, R HE RN K 4 ) Fo i T
87. 7% REELBNIRE ) F, T 59.9% .9
1.35 Jd/NE) 1. 08,6 fy 1. 48 B4 /mF 3. 85, fardk-1r
BM&vR  ER/ME®EILT . F.. 59 F,. T3
UL Fo AT Fo s ERRWE ST F. 2%
BT Fo.. TEEELB/MER T @ 3GEH F..
VE S S5 A BT 55 1 7K 48 7 o T A 35 8 LU R A 1 1



F 4 WL FCRREAXEMREY

_3000 4'5 9‘0 1:35 léo
Alcm
(@ BB 8-
1.6 .
e
U [—— .
ﬁ e g
* 2l \
1.2¢
1. 18 1I0 1I2 1I4 1I6

B
(b) BRFREB ML

B15 BSL(MEBE)XNZANGEKZINE
Fig. 15 Effect of Span-height Ratio (Changing

Span Length) on Force Mechanism

420

2106

5o
& U,
T —210 :[\.. & e — B5(F)
R A B6(N) —'—‘B6(F)
—420f -—-BIN) - B7(F)
"""" B8(N) —— B8(F)
—6305 30 60 90 120
Alcm
(a) TrER-fr# dhgk 58 -r 45 dh 4k
4_
—_—
- ¢
& 31
Wk
iz
®oHl .
1 1 1 1 J
8 10 12 14 16

5% b
(b) BRAH MR

E16 EBSL(XTREESE)XNZANEHZMN
Fig. 16 Effect of Span-height Ratio (Changing

Height of Beam Section) on Force Mechanism
BB F AR SSRGS R ) T A B
4.3 HEXHERENRE
REGUENIE N K, AERSTE NI Ko E X
BRI PENIE K, =K /K, o K, BRI 3
RN i) 249 SRR o 3 e SO AR AT S AN R K Y
Cl~C4 BRI R AR 17 s,

AR IR 2 AL B B E AT 37
450_ ........... CI(N) — CI(F)
------ C2Q) =:= C2F) -
3001 -=-C3(N) - C3(F) R
e CAQ o CHE) e
o 150[a¥ n :
=4 '3
s 0
S 150
—300F
—4504 30 60 90 120
A/cm
(a) WE-frH K5 H-MB ek
2.0r
—_ e
1.8F - & :
I ”
ﬁ e
N
14f
—-—
1.25— 2 4 6 8
FEAH X 515 R BK,

() BEFH ML

B 17 A3 5T R EXZ A E 8 R
Fig. 17 Effect of Relative Column Bending

Stiffness on Force Mechanism
K, 1 0.47 $4/m%) 7.59 mtL F, 00T 12. 8%,
E T 69,70 p (EAE— K VLM e o 1M &
Hi 121 BEh ) 1. 87 N ) 249 T M R X o i £k HIL A
SO A 5 O T o S B 0 TP I B B R Y K

P T AR IR G2 v AT T 5 0 0 1) 24 oK, B AT 4 K A0 A A
X 4TS W B
4.4 B

AR Z AR D1~D3 545 1 & 18 i,
Hh D1,D2,D3 i 280500k 1,3.6 2.

i & 18Ca) A %01, D1 ~ D3 f 7k 2% J7 4% v B8 e
T PR S AR i R ) in 280 5Kk B S A N 2
G3 AT BT A R 2 ) 2 A R AR AR 3 ) i R TE A
R BRI R R AR . AR 18 (b) L B A
AT Z8mE] 6 2, 1,29 W/hE 1.15,6 M
145 Hm#E) 1. 72, X EFENEZZEM . NI
ANFEE RS KR R 2R i sk, B2
S ep gl g AN A Tl D3 B R B0 AR A 2 il
AR IR . B e HE AL N X R 28 1 2 R R
J2 500 S8 R ke BN B S g (S . [RIE L T
JEECH N, b2 AR 2R M 1) 2 SRR A
JIT B 5 A R R L RO 1Y R il & (B R
4.5 BHSHEMCE

FE ARSI T . AN B 5 E1~E3 £ A
THAG R AN 19 Fas s 85800 6 25 Al AE A7 B A [F)
() E3~E6 RT3 45 R A& 20 fros .



38 LA S 5 TR

2019 5

1200 e Dl(N) B
...... D2(N) R
Fm=- D3 oeemmm T — i)
900 ’_“(—N)___ = in
g oo e L
& U e
4 3001:.-' s
—300; = - . L
A/cm
(a) WR-MBMRSHN-MB L
1.81
ek T
s ] .
ﬁ P A 7
®
1.2\
L0} : . ; 5 6

B
(b) ERAHME
18 EHMZ A
Fig. 18 Effect of Number of Stories on Force Mechanism
480
320

160} o7
of

F(N)/KN

—160F+

—320F

4805 30 60 90 120
A/cm
(a) TR-fr % ik 5N % i 28

2.4r

21f T & T

RERH

.t

1.5

1.2

%
(b) BEFRBML

B 19 BHXZ A EH R0
Fig. 19 Effect of Number of Spans on Force Mechanism

SR b Xof B SORT A AL B 8 B 5 A8 O B X )
o] 29 S HC . N 19,20 AT, — 0 3 43 M 1) 24
FOBHON | BSRNE] 3 B FL L FL g B
Fo PRI 1320 A0 T Fo s Fo i B2 3K,
49,5 0, Uk B R A 0] 1) 24 BB RN B i 2k R B )
FR R ) B Oy S

b R DG I 1] S 7 S N o DR W P
e BR/b A AR 1) 2 B T BN 2R AL R T 7
AL BRLL p=1 M 6=0, 5 HADHEZE AR L . E6 HESL

480_ ........... E3(N) — E3(F)
...... E4(N) [— E4(F')
320+ -=—-E5(N) ---- E5(F)
o 160[ st ...EG.@,._ E6®)
o /
S ] = SN -
M 160f s o T
—320}F \
4805 30 60 %0 120
Alem
(a) WE-LB &S S % ek
2.4¢
— e
..... 3 et
L8 T e

0.6

RERY
-
o
T
.
‘5
.
’s
“
“
N
\

22 5 4 L RS B
(b) BREFRHML

B 20 i EXZAE D
Fig. 20 Effect of Position of Removed

Column on Force Mechanism

T
5 & i

(1) AR 1 JEE 0 e 7 2Rl 0. 44 Y038 K3 0. 88 %
B F, A F, A5 T 372,88 7%, p fHH 1. 25
FRERE 1. 22,6 (A 1. 06 KOFHE % 1. 45, P
TEBEC AT Z 0. 66 20 1 R #] 1. 030 i), F, 3 T
2500 F, JEARBA A (B 1,25 W02 1. 20.¢
B 1,57 KIEW % 1. 16, UL AT A, M4 07 F A
— W 1) {37 BE I, T 57 % 10 45 0 B A i R HE ML I
HRER T HCRRTE R /N (9 188 1) 7 B8 1 25 1 B A 3
(R AR 2877 5 A 3 g 4 R G A T T A R S

(OTERB 5 5 R 5 5 th i 8 1y m ) 15 I,
Fo L F, Ayl T 67%.59% .q B 1. 33 g 2> 5]
1,18,/ 1. 44 84 m%) 1.59, ERERETIEE S
Forh 8 #2315 i, Fo F1 F 5 T 87. 7%,
59.9% ,pfH i 1. 35 FEARE] 1. 08,6 flh 1. 48 #
) 3.85, ER/NMEBEEELT.F..5 Fo. o,
WNHF. T FosERRNE®SILT.F. &
T Fo.. TEES LB/ GEL T, #E N F, . fE
R S5 AR BTN IR AR ER Ty AR B LR KIS LT L i
M F, AR a5 a5 R 3 &8,

O FEZ RGN AR 2 &SR A) k&
Jig o S BTSN X K 3 7 0 42 v B A 2 B0 1
e O N T A N R S S QDR | I = 5P O



S

#

% 4 2 *

WL ELERERX SR ESBIR S AN A S AR E SN 39

TR A ) 249 SR KR A BT AR A R R R R
BERRETUZEN 1 ZHER 6 2,9 EH 1. 29
WL F 1L 15,6 {B M 1. 45 #n®E 1. 72,

A0 iy 249 SR PR P B2 X A i 2 A0 BT 2 Wi K 24

AR X B0 25 R R A ) 1) 249 SR £ 5 K 2 I S R R
L ORS EAWANISE = ISR

S % Lk

References:

(1]

L2]

[4]

[6]

L7]

[8]

PARK R,GAMBLE W L. Reinforced Concrete Slabs
[M]. 2nd ed. Toronto:John Wiley & Sons,2000.

O A AR AR WL 2 B R AN 1) R A VR BE
XI5 5 8 ) AR 48 ) i L) . SR S5 # 24 4. 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[]]. Journal of Building Struc-
tures,2013,34(4):32-42.

B2 5 BRTAE 55, B 5 R Bk T NE A BT 2
18 5 10y HE AL o» A AL LT ] AR g 2%, 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,
VALIPOUR H R,FOSTER S J. Finite Element Mod-
elling of Reinforced Concrete Framed Structures In-
cluding Catenary Action [ ]]. Computers & Struc-
tures,2010,88(9/10) :529-538.

4 5 BHIAE . i35 3T R i U7 A RC HESL S
4 7 SR R BT S TSR A HT T B L MLk [T ], A ST 4%
¥y 2# 3 .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[ ] ].
Journal of Building Structures,2011,32(11):9-16.
SU Y P, TIAN Y,SONG X S. Progressive Collapse
Resistance of Axially-restrained Frame Beams|[ ] ].
ACI Structural Journal.2009,106(5) :600-607.

YU J, TAN K H. Structural Behavior of RC Beam-
column Subassemblages Under a Middle Column Re-
moval Scenario[ J]. Journal of Structural Engineering,
2013,139(2) :233-250.

W T0 XA TS [ A, 45 5 T 1 A o D) ) 49 5 9

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

BE - S5 BB RO AT B LT ). @R 2 5 TR AR
2010,27(2) :51-60.

PAN Yuan, LIU Bo-quan, XING Guo-hua, et al. Re-
search Progress of Seismic Collapse Resistance of
Rein-forced Concrete Structures Based on Damage
Criterial J . Journal of Architecture and Civil Engi-
neering,2010,27(2) :51-60.

Tk R U R 2R R R R AT 2T N A R B 1 E 2
SRR LB IR A AT T ik R L] SRR S TR A
#2,2015,32(1) :64-72.

YAO Yu-fei,SHI Yan-chao, LI Zhong-xian. Compari-
son of Progressive Collapse Analysis Methods for RC
Frame Structures Under Blast Loads[]]. Journal of
Architecture and Civil Engineering, 2015, 32 (1) ; 64-
72.

MENDIS P. Plastic Hinge Lengths of Normal and
High-strength Concrete in Flexure[]J]. Advances in
Structural Engineering,2002,4(4) :189-195.
DHAKAL R P,FENWICK R C. Detailing of Plastic
Hinges in Seismic Design of Concrete Structures[ J].
ACI Structural Journal,2008,105(6) :740-749.

QIAN K,LI B,MA ] X. Load-carrying Mechanism to
Resist Progressive Collapse of RC Buildings[J]. Jour-
nal of Structural Engineering,2015,141(2):04014107.
YU J,TAN K H. Experimental and Numerical Inves-
tigation on Progressive Collapse Resistance of Rein-
forced Concrete Beam Column Sub-assemblages[]J].
Engineering Structures,2013,55:90-106.

D AR PR L . S TR E L AE AR 55 HT 1R 4
PERE A 8 86 T 5T [T, 2 SUA5 0 2 4. 2007, 28 (5)
104-109,117.

Y1 Wei-jian, HE Qing-feng, XIAO Yan. Collapse Per-
formance of RC Frame Structure[ ] ]. Journal of Build-
ing Structures,2007,28(5):104-109,117.

PHAM A T,TAN K H, YU J. Numerical Investiga-
tions on Static and Dynamic Responses of Reinforced
concrete Sub-assemblages Under Progressive Collapse
[J]. Engineering Structures.2017,149;2-20.

JGJ 1-—2014, R TR BE L A5 HARHALS].

JGJ 1—2014, Technical Specification for Precast Con-
crete Structures[ S].

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



