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Analysis on Structural Dynamic Response Characteristics of
RC Frame Building under Blasting Failure Condition
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Abstract; To study the continuous collapse resistance and dynamic response characteristics of the structure after
the blasting failure of the local columns of the RC frame building, the deformation and stress adjustment process of
the beam-column substructures adjacent to the columns were observed in real-time through an on-site blasting test of

the central column of a blasting and demolition project of an 8-storey frame building. The PKPM was used to establish
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the corresponding building model. Meanwhile , the dynamic response characteristics of the remaining structure under

the failure of the central column and the resistance to continuous collapse was calculated by the demolition compo-

nent method and the demolition component method in SAP 2000. The results show that the theoretical value of strain

after the blast failure of the center column is about 260 e using the strain-moment theoretical formula. The dynamic

strain measured in the field is about 377 e, and the value calculated by the numerical simulation is about 238 pe.

The results of the dynamic strain by the three methods are relatively close. The computed value of the vertical dis-

placement at the failure point is 3.2 mm,close to the field displacement of 2. 67 mm,and the calculated value of the

plastic angle is 0.051°,close to the field angle of 0.05°. The remaining structure experienced a significant dynamic

impact at the instant of the central column failure,and the acceleration values along the positive and negative direc-

tions are roughly the same,with a maximum value of 3.5 m/s. After the failure of the central column,the load redis-

tribution occurs in the remaining structure,and the vertical load originally borne by the central column is shared by

the surrounding columns, resulting in a significant catenary effect on the upper beam body.
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Fig. 1 Schematic diagram of the plane structure (unit;mm)
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Table 4 Displacement test results
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Table 5 Stress of the beam above the failure column
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it SAP2000 A FRoCH A5 2R3 BT A B2,
B, C R, Hirp M, =83.63 kN/m, M, =
110.09 kN/m, M, =79.07 kN/m; B8R fCA T (8)
rv g Y A% 55 (S ADL B AR A = B S
P AETEF TR L, 3R 6 SRR Iy AR SE T L

xR 6 METLERILE
Table 6 Comparison of strain results

N . SR/ e BT R B/ e BAEBE e
KR LR S — i~
Sl e N S T ] 3 ik PR R Vi

A G WEAE B iR 302 236 246 252

B3t 222 340 312 325 237

(o8 634 333 232 196 169

T« B R ORI Dy TR A0 i, 1 bR S A 3 g %



Al W3 BRI, o, POKIE, % RCHEZRRE DS O SE AR IS A 1T S5 3l J i R 20 B 127

TR 6 BIEE P LA HEARZE R 4% b5 ot ST
FEAR B 2 55005, B0 A 92 2 30T ity 0 - 3 K
428 e GEiT v W (A SF- SAE R 325 pe; R THEA N
A A 260 e ; B(E AL L 58 3T o B4 (H K
256 we PRI IE K 219 pe, =& A i AR BN
TR N A AR ART . R LA B IS
RAMPLSTHR S R EA ST & I LM 25 R, 45 HAR
o3 R A TSR, Xt e I ERE AL Y mT S
4.3  FHASALFEFAINIE B B

(K SRR R B 10 R R B e 2 — A
AR B S B . AT, SRR BR LA A
I8 B RO ST B G254 TREIRREA — B 5251
J12E R SR . TERFIE I SRR R 5 T AR 45
(Y2 75 REAE LA ST A R AR B3 30 P Re I, 2%
A B ik — AN AT ISR, N T 55k
TREFFAS O X 1L, 7E SAP2000 £ BR TR AL, 3%
B 5 SEBR TRRAXT R A 37 A, /T R s A A% I
R, K 8 SRR s i Rt 2, 3R 7 SR AL
TR 0 BN A ARSI A A, e i B 1) b
FRig R E{E

SIHTIEL T L8 FNEE T BAE AT T A

(1) F A 52 m R AR I A2 A0 JF

G, R RO R S B R L TR W s (0.5 s
W), T — e a, AR S 5 50 50 B0 A 22
19% , P& KEH R

(2) BB E R 25 AR A A (9) 15 31 1 38 4
Bl 0.051°, 505084 0. 05° FEA 2, i 4%
GSA2003 HLI AT R, G5 HE AN 23 e A i S4B B o

(3) HEZRZE R % b 3 AR A S U, R 38010
SO0 NGl 1 £ A B -1 8 T SOt o 12 ]

N Y AR Y G N O E A 4 Nl 1 K VAW I F
B G s < R 0 E Y G VA= N1 oyl 1 B N
TR E 3.5 m/s*, 07T —3.6 m/s”, B HEAH
oL, 2% 55 AR B 0 AR st BE AR, E B A1k B
F L STAESRBRIE LT , 2544 fof 26 T A S A 1 Bl
i VE /0N, 5 O S AL XN .

T e — A

-1.5F

-2.0 |
=25+
< -3.0F
&H-35F

-40 |
-45 | v
-5.0 |

-5.5

*zmm

i (8] /s
B 7 RS RS 2

Fig. 7 Time history curve of displacement at the Failure point

— R

4
3
2-
1
0

-1

ﬁ S (T

B /(m - s7)

|
N
T T

I
w
T

|
A

Bsf 1] /s
W18 JRAICTT A 3 e R T 4%

Fig. 8 Acceleration time history curve of failed node

&7 FHBMABIMEERE

Table 7 Dynamic displacement and acceleration extremes
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Table 8 Change of axial force of column
SR AT 2R R 5 A2 f/ kN
AR B ¥ CH D
—-1889.92 -2057.31 -2186.28 -1653.66
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KRBT

PN
KA

-1600
-1800

n'\'ﬂ[,/n~—.-—-o—o——o—~

-2800 | H

o 1 2 3 4 s
B} ] /s
B9 RACTOL TR JZ A AR 7 i 26
Fig. 9 Axial force time history curve of each

column under failure condition
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Fig. 10 Bending moment time history curve of the beam

above the failed node after the column failure
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Table 9 Bending moment changes of beams at failed joints

KRBT R A/ (KN - m)

AT
: R SRR
FU AR SRR 21.74 -367.71

(2) b SEAE R BUE , He N 1 A iy AR AR B9
SEAESIH A A KR B B 7 56 i 28% , B AL C
A% 1 3T 23% , D AR RS R BOL AR,
B I3 INIE 11% ol UL, 55 R SSREAR SR AU AE R 45 4
PN T3 A B S B 1, L 32 3 AT =2 TR Y
SN o

(3) AL S AR R BT L 07 o 2 AR A, R

{H°4 21. 74 kKN/m, RE5 BJ5 28 0y 32 R 3G, 25
FAE R - 367. 71 kN/m, X it 35 A9 25 R AR L R W
QAP T RN, I BB BEL I T it 1

5 #it

WICLL—H5 8 JRHEZRZEFg R 5 37 AT 371805
ST 5, W SAP2000 Sy T SEBR TR AH R
() RC HESRAEHY AT T vt SEAE IR T 0 4%
SR 04 7 o R S R AR RS e P B S 2
SEETE SR R, RIS .

(1) 38 3 B S 5 5% v SEAE R RRAE T
IR AN B IR 408 3% 235 440 110 1 2% i v DAAS
KRS AL T R 2. 67 mm, BN ARTE 377 pe
ZiAy I HES AR R A IR

(2) 38 1T BB AT 5T AR o ST R R R AR
S 08 B0 3 g R, A9 5% % B ST A S 38U, ARACTT A,
fiFE R 3.2 mm 5L SCIAH I, H ot S 350 98 1
2y 0.051°, B i /N T GSA2003 #iL v A1 22 1
6°, I H A N AR E 5 S0 0 AR SEAR T . 3K
HC TR R U TR AR T 4
RS, RIS T B ALY T S 1

(3) SEAF R 2R B, B 1 Ao 00) Tl X 45 44 1)
I pARG I X (S EA RN N s = i) A SR RN W
HEELHEN 3.5 m/s* Ze A7 o B s fr 3 BT o0 A
e 30 N7 AT ARCHE T A N Al T B S A A S A A
) 4l I 380 25 Y 2 A, I 18 A 7 37 A A % ) g 7 3
N 11% o FJ7 PR Z PR S AR R 2 RS &
FELAON B X R B BUAR PO S AR AL T
W TS0 AR G A B3 RE T, R B  J2
Wt 5 20 5T A A A G R S A A T N Ay
A5 1 SRR

(4) AR I 5256, FRIE 0 M FVECAE AR 40— Fil
T RS RRE G AR TE 5 B N . BdE R
ST ARG R RR TR AT EE A AR AR 3k, ik by
(1) 32 S5 35 RS AR G A/ o I LIS SC A I 9 A SR
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il GHUIE LB P RE /34, R B AT A v 5 4 e v
(R ST AR SR PRI S 5 |

2 % 3Lk ( References)

(1] e PRBRERmEOR A A e S5 e B2 [T . J, 2019,
36(2):1-12.

[1] XIE Xian-qi. Development and prospect of demolition blas-
ting technology [ J ]. Blasting,2019,36 (2);1-12. (in Chi-



B4l 3 WREUNE,EE SR BOKIH, % RCHESEME DS O ST AR BRI R R T AR 3 3 e BRI ST 129
nese) [9] YU Jun,TAN Kang-hai. Analytical model for the capacity
(2] 4 22L& B/NTF, 5. TR R4 of compressive arch action of reinforced concrete sub-as-

MBI S B R ML B 5T [ )] 22 SUE5 # ~# 4ie, 2023,
44(1) .68-79.

JIN Liu, LAN Dong-qiu, DENG Xiao-fang, et al. Study on
progressive collapse mechanisms of unbonded prestressed
beam-column sub-assemblages [ J ]. Journal of Building
Structures ,2023 ,44(1) :68-79. (in Chinese)

QIAN Kai, LIANG Shi-lin, XIONG Xue-yu, et al. Quasi-
static and dynamic behavior of precast concrete frames
with high performance dry connections subjected to loss of
a penultimate column scenario [ J]. Engineering Struc-
tures ,2020,205(C) :110115-110115.

B OJAVEUNERERED AR R TR T 22 W
HEZREE M40 i S B IR AL 52 [T ] T AR ) %%, 2024,
41(4) .140-150.

LI Zhi, YUAN Xiao-lan, XUE Tian-qi, et al. Behavior of
progressive collapse of multi-layer steel frame structure
under different column removal conditions[ J]. Engineer-
ing Mechanics,2024 ,41(4) ;140-150. (in Chinese)
BT, WS , A S, S BRAR ST AR SRR A T HE
DRGSR R b5 B g W) LR AR BIFSE L ] 4, 2023,
40(2) .102-108.

HOU Yong-heng, YAO Ying-kang, YU Shan-shan et al.
Study on dynamic response characteristics of frame struc-
ture building under single column failure condition[ J].
Blasting,2023,40(2) :102-108. (in Chinese)
WREEWL, ARAE A, BB, 5F. RC HESLRRAE T 251 bi ik
S5 Y RE AN 0 s M S A (D] TR ) 4, 2021,
38(6) :72-80,90.

CHEN Ze-fan, LIN Kai-qi, LU Xin-zheng, et al. Uncer-
tainty analysis of continuous collapse resistance of RC
frame beam-column substructures [ J |. Engineering Me-
chanics,2021,38(6) :72-80,90. (in Chinese)

SREH, BN, 2 B, A FRP A i[5 R BE L HE L
TR SR AR AR BRIC T [T]. TR Jp%,
2022,39(12) .151-164.

ZHANG Yu-di,CHENG Xiao-wei, LI Yi,et al. A detailed
numerical analysis for the progressive collapse of concrete
frame substructures strengthened with FRP strips[J]. En-
gineering Mechanics, 2019,39 (12); 151-164. (in Chi-
nese )

YU Jun, AHMAD Tahir, GAN Yi-ping, et al. Effect of tie
column on the progressive collapse performance of infilled
reinforced concrete frames [ J]. Advances in Structural

Engineering,2023,26(15) :2862-2878.

[10]

[11]

[12]

[12]

[13]

[13]

[14]

[15]

[17]

[17]

semblages [ J ]. Magazine of Concrete Research, 2014,
66(3) :109-126.
ZHANG Jing-zhou, LI Guo-giang, JIANG Jian. Modeling
structural behavior of reinforced concrete beam slab sub-
structures subject to side-column loss at large deflections
[J]. Advances in Structural Engineering,2018,21(7) :
1051-1071.
PHAM Xuan Dat, TAN Kang-hai, YU Jun. A simplified
approach to assess progressive collapse resistance of re-
inforced concrete framed structures [ J ].
Structures ,2015,10145-57.
HEFm BB %, % A%E RCHERHLE
SRR B o B S B TP AR B OE ST (T ] TR
#,2022,39(8) ;210-222.
GAN Yi-ping, YU Jun,CHEN Jun,et al. Study on analyt-

ical model and robustness ranking index of RC frames

Engineering

with unequal spans against progressive collapse[ J]. En-
gineering Mechanics, 2022 ,39 (8) ;:210-222. (in Chi-
nese )

CECS 392:2014 #5544 BT 1% S S B [ S ]
b ) i, 2014

CECS 392:2014 Code for design of building structures a-
gainst continuous collapse [ S ]. Beijing: China Planning
Publishing House,2014. (in Chinese)

Applied Reserch Associates, Inc. Progressive collapse a-
nalysis and design guidelines for new federal office
buildings and major modernization projects[ S . Prepared
for the US General Services Administration, Washington,
D C,2003.

Department of Defense. Design of buildings to resist pro-
gressive collapse [ S]. Department of Defense, January
2005.

NS, I 260, k48 BB 2 (1) [M]. 4 hin. b
I EE R, 2004,

SUN Xun-fang, FANG Xiao-shu, GUAN Lai-tai. Me-
chanics of Materials (1) [ M ]. 4th Ed. Beijing. Higher
Education Press,2004. (in Chinese)
rhAe N RAEFAE R IHES. GBS0010—2010 iR &E 14544
BOFHEL ST JbaT: o E S Tlk i AiAt: 2011
Ministry of Construction of the People’s Republic of Chi-
na. GB50010—2010 Code for design of concrete struc-
tures[ S ]. Beijing; China Architecture and Construction

Press,2011. (in Chinese)





