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Design Method to Resist Progressive Collapse for a Three-Story RC Frame

Liang Yi, Lu Xin-zheng, LiYi, Ye Lie-ping, Jiang Jian-jing
(Department of Civil Engineering, Key Laboratory of Structural Engineering and Vibration of China Education Ministry, Tsinghua University, Beijing, 100084)

Abstract: Currently, the progressive collapse of the structures has become a serious threat to the public safety. Since the collapse of
the Ronan Point Tower in United Kingdom in 1968, North America and Europe have researched on this issue for more than 30 years
and developed relevant design codes and design guides, such as GSA 2003, DoD 2005 and EuroCode 1. However, codes in China
have not yet proposed in detail on the resistance of progressive collapse. Hence, based on the design process proposed in DoD2005,
the capacity to resist progressive collapse of a typical Chinese 3-story reinforced concrete (RC) frame is analyzed. Then the frame is
re-designed with the Tie Force Method and the Alternate Path Method proposed in DoD 2005 to provide examples for the
progressive collapse prevention design for Chinese frame structures. And some problems when applying foreign code to Chinese

buildings are pointed out.

Key words: progressive collapse; concrete frame; simulation; tie force method; alternate path method

EI—

SR IR SR 3 2 b T R A Mo B S ) 1 R R
I R B RN T B IR [ S5 L e 9 1, Al 4
P AR SRR, A B I S B . — ek,
T GER 1 B IR IR S SHTUEBIRAS B L5, Bl FR 2 A%
et SRR LLBIR RN AR, AR A
PR Rt AR 25 FE Y T 2 A i AR 5 ke
MR, RO e . R . KR
B B RA, — G RAR M E A e R, I
A AL A, R 85 52 B A AR IR G RIE 78 1 T
Mo

B M 1968 5% [E Ronan Point 2 5 {8 Hy gtk A= LIk,
| A0 S S35 1) R L83 AT T = RIS, SL )
T 1995 4EH Alfred P Murrah BEIRBURF 70 A REEIE . 2001
RSO IR 2 TR H . AFRE, g R AR
T A R W0 1990 4F K AL T B I TSR

BEEWME: ER— LRSI (45 2006BAK01A02-09) Flif
e RISt R4 (4’5 : JC2007003)

e B 20(1985-), T, WEERZEARL W71 SiMPiEs:
IS

YT BT ARG R R 0 =, LA AR L v K A R AR Y — i
IR A2 B TR 3 B0 5 RO I 34 B A X
SO ) 2 2, R PR S 1 L T T A 3
YA N, R E TR R ST IYE GB50010
9 03.1.6 e AN HA AT EE, SRR
IRAS N S B MR35 o (BRI UHZ 4% A T 7 SR 1
W, A B BETE R EAR T VAR, B AT R RN . HOAT
— 1 2 T [E] A0 RIE B 06 T ST o 45 W g L ) 3
B E, WIYEE 1 British Standard®!. BX¥H 1] Eurocode
19058 6 [ A L4 A5 R gl ) R BURF 70 A LA S
KA IAREE U SB35 - T A BT HR R ) B (GSA 2003) Al
S FE B BB gm bl CRESPUESARIR ) © (DoD 2005)
VUV A VEAN R A T 48 MU SR AR ) e 7k B RE A
7 2 5 [ [ By g s ) S R T S48 35 B ) (DoD
2005) $RAL IRV IRE, JEFIEHR AT R RE S 45 R 41 4
FEA Sy MR/ THUFIBER, 6 Bk S BLAT VR e - 45 f &
VRSB E 0 = 2 0 TR e L MEZREAT T SRR 15 2L, 23
BT T HHUELSRIREE o RN T 4y 45 0 R AR bR A
TP IZAEZE AT T PUELBIR L, d T8 B AN IE ) Ht
GBI VRN T BRIEHESR S5 4 (K e T sE ], JF45



MBI B K 24 24 (1 4% hi)/Journal of PLA University of Science and Technology, 2007, 8(6): 659-664

THAELER 2
1 SRR

Y GH T ML) PKPM BRI A5 B A7 45 0
BA TR A RE PTG A B 2Rk . 72 IR 3ERn TR 3
Tl A BR T E A MSC Mare T2 AN 5 di i+ TH SR e
THUFIBER 7 #3745 PG
1.1 &S

BEE: HEES 42m, HAEZH 3.6m, ML
B 1o HEZRZE AT S B, AE4THT R ~) 500 X 500mm,
YRR S 300X 600mm, BT 300X 550mm,
MERRZEAN 180mm. 55 /2 P A d8 R e ik o AR
TR 4 T b

MEME R By M AR R S SR €30, A
752 J1 A0 5% ) HRB335, $iifiik /] HPB235.

JE /AR BETHIE R 8.5 KN/m?, W& 44 2.0 kKN/m?,
FRIER A 8.0kN/m?, i&#H N 0.5 kKN/m?,

HhREAR B EE RN 1128, DU BN 8
BE, WA EAMGE IR 0.20g, BT ES AN —
M. MEZPUREGCN %, FMPTIRELIN 1.0,

W A B B XU Wo=0. 45 KN/m?, Hi [IHLRS /2
hC %

AR G EMHD TR Y o N 1.2, ISR TR
YN L4, SEAERAS REBW LN 0.7, KMATETRE Y w
N L4, WATEAG RE Y N 0.6, K THIE ST TR
Yep A 1.3, AKTHUREME S IRE Y gy 4 0.5,

1.2 PKPM 5%

I 1L TR BT 248, SR A PKPM #1441 1) PMCAD
TR SRR, G461 T B SO AL 3 il ] 1 Fi ] 2
fizRe

7000 To0O 000 7000

6000
6000

2700
2700

6000
6000

000 7000 000 000

B1 ginE e

Fig. 1 Plan view of standard story
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Fig. 2 Perspective view of the frame
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Fig. 3 Structural reinforcement at first floor
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Fig. 4 Finite element model in Marc
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Fig. 5 Columns to be removed in the analysis
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Fig. 6 Failure mode of the frame after the corner column at the first

floor is removed
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Fig. 7 Failure mode of the frame after the long-side column at the
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Fig. 8 Failure mode of the frame after the short-side column at the

first floor is removed
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Fig. 9 Failure mode of the frame after the internal column at the

first floor is removed
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Table 1 Comparison for collapse modes between original frame and

TF-designed frame: the first floor
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Table 2 Comparison for collapse modes between original frame and

TF-designed frame: the second floor
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Table 3 Comparison for collapse modes between original frame and
TF-designed frame: the third floor
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Table 4 Comparison for consumption of longitudinal reinforcement in
beams (unit: ton)
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