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Study on Blasting Demolition of Frame Structure with
Small Height-width Ratio by Numerical Simulation
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Abstract: An equal proportion separated common node model was established by ANSYS/LS-DYNA finite ele-
ment software to simulate the collapse process of a frame structure with a small height-width ratio demolished by blas-
ting,and the stress characteristics of reinforced concrete columns of the structure were analyzed. It is found that the
actual engineering and simulation results are highly consistent in terms of collapse time, collapse process and blast
muck pile range,which shows that the numerical simulation is reliable. Additionally, during the collapse process,the
plastic hinge was generated at the beam-column joints after each row of columns reached the section resistance mo-
ment,and the upper structure rotated with the plastic hinge as the fixed axis. There was a backward reaction force on
the rear column, which resulted in an obvious recoiling in the forward leaning process. In the early stage of collapse,
the stress of the reinforcing bar and the concrete element is stressed together. The stress of the reinforcing bar ele-
ment with its co-node suddenly changed after the failure of the concrete element,and then it continuously changed in

the state of tension and compression until the collapse ended. The reinforced bar at the blasting cut has certain hin-
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drances to the free fall of the upper structure.
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Fig. 1 Surrounding environment map ( unit;m)
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Fig. 2 Structural column plan(unit;m)
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Fig. 3 Concrete structure model drawing
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Table 1 Physical and mechanical parameters of materials

s (T PR g PR
A 7850 210 0.30 320
2 2500 35 0.18 5.8
i 3400 35 0.18 5.6

3 HE&EUSH

3.1 @EEERESN

P REAE ISR A 58 IR d3plot SCAF S AZE 1S-
DYNA pifEf b, 2L 0. 8 s Sy [] B , 4355l % kb S B
TSR (10 1 R A A SRS R VAT LA T o fie
Je CAZE R fph s 1 5 ) B, O L s R A ] S T
6 FIi7R.

t=4.8s =53s

K5 gk 4elal st

Fig. 5 Collapse process of the structure
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Fig. 6 Numerical simulation of collapse process of the structure
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Fig. 7 Time-velocity curve
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Fig. 8 Time-displacement curve

HIE 7 K 8 A5 7E 0.7 s Zij, X 25 F Ay 55—
HEFEAT BRI, 65 1o 3802 A0 8 () B8 LT BT 22 1k, 31X
Je T2/ 0N T8 HO A5 F) S AT A IS R, B R
Z Hor A B 5 WSS A B ) SR . 720.7 s
Ja, LERES B AT A RS . 75 1.7 s )5, BEE S
T HESIAE BB, BT i T R R, IR
M TIZEH R S —HESL AR BB S, %450 L
TR LR A5, R L S HERUR, B
1, IR BN R T A R, AT R A SR T4 Y B
PEBC. 1E2.2 s I, S50 1 fe i — HESLAE OB A
AR T B Be 2o, 180 35 4 e i AR AR AT
BB

TER A BUEL B B, (e A 37 T e 1) 11 4k pr) R R

BT AR AR L A A g, ol T A AT RE )i
INTHURLRE ) B e AR A A e TR . AR A i
YE A My AR ] 5 i 5 — HE S ST AR MR A G,
2.2 ~2.59 s E LRI, 1 =2.59 s B EF
L) A PRI R T —HESE AT A, SRS 4
2 [70.39 s, PRARRBEDT 140 A 04 AR A 2R AR
PG W b ERAS R i YE A E 3h A W G B
BB A3 B R4 A Y I 8] LG H: A v 4
%0.08 s,

TEf o —HF S5 S AT fl i J 1855 2 AR )
P BB, Ja HE ST A e R 254 8 ) R Ak KA
D2 AR B E S5 — 2 T OB PR B, SRS
R AR B e b 3l o TEIXAS AR b R
R JE HESE AL 27 A 1) JS 4, 2 Pl Je A )
R, TE2.59 ~2.7 s N, B4 2 32 U
/INE3.05 m/s, REm A SRR S8 X R T R)E
— ST AT AT, HERE AR, X B RS Y
B SR is A — € MBHEE . 7E1=2.7 ~4.2 s
P, 25 5% 1] 1 855 S B AN T R, G 8 K 48 855 40 T
TR O AR B

fEt=4.2 ~4.5 s N, 45 Fg it A (B35 3 R 0 i Jim
BB, 23k 5% [ A 32 N [ 5 DR T, 32 oy T
SRR AR Y e ) o BB, AR 2 T IR AIR, LA
KASH T g A i B Re e ks fig. 1 1 =
4.2 s DRI b AR 4, A 55 i 42 fih v APUAS 7 48
R, UL ETHMEER RSB TIE 1 =4.7 s I
AR T A, ¢ = 5. 1 s I K ] 3] 355 352 Oy
0.19 m/s, bRz 25 il A A4 B B e 1l
3.2 RHLEEEEIREST

TERAE A AL, Ty | T2 254 1 8 M vy B R Al R 5
S350 7.6 m 8. 10 m; T SEBR 4R HE R R 8.3 m,
JEARFR RS 7. 4 m, PR I BSOIEL S 4L 1 e M vy 5



116 5%

1% 2024 4E3 A

PRAEBCIR R I 22 0 8. 4%, Jm A B B 55 Ho AW 22
8. 7% o 3K 2[R DAy M ThT e B M, HLASH o B B
R S R i, o Al M ) B it R R P A )
B, S HA S PR AR E 5 S RAD AR Q18] 9 BT o

-l

B9 SRRk 5 R He

Fig. 9 Comparison between actual and simulation results

ISR 5B E B 5 A = e,
BILLSE = HESr AT fi b i X 25 R B B AR . S5 LA
8 S A SR, VU S AL A X 2R 4 A fh e fie A
FLAS IS , 32 Rl 8 5 UM A7 it T 4% , AT H:
T B GETRAE S5 A R AR XSS, P S A R 2
I ZRAESE M R BR3P e B i A vh
Y RRVEPII ST o DWNTEE | 5 HH T3 2 A B
FETULERE  TE5E — R S AT Ak 455 A fi bt i 1 I 4
TREWAILEE ShEE, e m AR5 —HES, A il 1 1
FEFPTHFEA T, DL 2 F 450 th 4 B 45 40 A8 il =
FATELER  TE M = AT B Rt

) D IR R IS T AR K I TR
DA — 2 10 7 A B R W A T 5, 5 |l S 4% T
T 72 A S, b S 5% ) W 0T I S 4 ST A
A ) JE R HE T BE S A5 7 A B R SR A, AR
Yyl IEAL 5 MBI, LG5 A8 R 0 A1 30 A 8 I Ak BE
B AR A5, TR R S (R | e AR M A MO Y
AT (416291 50, Fan th L5 A 6 7% it Ze an 1 10
FiRe TEt=2.2 s BZ, b e J5 —HEST g 1R
i o Sy T o S D eu i R T 1 RS v O W e )
GEJECHR L Bl = RN G At Bl 25 4 fi kb | 5 Ak B R
tEiko 7E 0 =3.8 s 2, BE S5 DA &, 5
HES AT IR BE T AE E R4S M55 B 7 A R W 24, 57
FE R A 2R G A, B R B A AU AR 1k
3.3 ZERIFEZHOW

AR5 S X ST AR AN S BT R R 1 TN 7
GO EREEH J5 HE— )2 3 5 S S AR O
BRI A B IASERTG, A BATTA TS A,
B FRITAL T SCAE ST AR AMN 3 i S HE S S A
TR BE 1 5 A AT s ) - e g i, ] 11 (18] 12
i, BRI B A BT S TR BE 1+ s oy L B R
NS RIE B A

F 1L AT, 7E 0 = 0.2 s B/, 5 HE ST AR 4R 24k

T2 MRS AR ST N AR S A P DL b 4 Ta] 45 4
REETHS 1 R T R AR Bk i —
e S o Y= e K v S 1 7 W R AT w8
AR S —HESL LI R 2 BUMIR , 25 = LR UK %
S5 RE LR BTSSR 5 HESEAE = A 1) JS R T
FEURHESHESI R RS R A, 1E1=0.4 5
JE SEREJRES N TR BE - B0 AE S 32 Hi R T, A
52N ITRZSBEA AL, BE B3, MR BE 4 2
TOR IR VPR IR EE L A ITIN SMIN BT Z R
WA 55 1 RS R TR IR BE R AT, 52 TR A
555 12 AE SRR BE L AEA—

Element(8697)
0
£ o
&
-4
E
3 -6}
8t
0 2 4 6
BT /s

K10 Bonfim A # i £k

Fig. 10  Unit recoil displacement curve

WmE 11 (a) ,7£1=0.4~2.3 s Z[a], 58 1 JZ L
A SMUTREE A+ B0 32 B AR R A AR, T
B2 A2 0.7 ~ 1.2 s NG NN, (HAE ¢ =
1.2 s Ja I I G IRIG K, 1 I PR Ay ir = HEME s 1192
JR 4R O RS, R L R AE ¢ =
2.2 s I, SRR 11 AR AN, B e HE S LA
JEEFR TR BE - PR IC AR IR BE L BT A2 T,
Fe S{EDS/NE 00 AP 11(h) , BB AL S MR
BE B0 — H AL T AR AR E 1 Z ROIRAS, 78 ¢ =
2.2 s I, R HESLAE By T2 R E 7 A D e R
TR R, SN TR B 4 50T 4R 1k B i 5
JETTARA, P I3 5 2.2 s JR B AR = 0, J5 4k
SEREFE AR BERAE 2.2 ~ 2.5 s B TR AR
BEIY B, BT TR GE £ A TRk, b B A5 AA) far 28 Fh 4 73
PR, T A AR T BE 1IN, DRI TR E - A B0
TIAEIIIRI N B R Z W K. fEe=2.5 s 5, )5
HER SR SRS A, 52 ohili S AR, SCHE AL R
HBLSZ 7 SR, O B R R, ARt =
2.7 s Ji , (R BE L AITIR BN R AR L, SEAE A AR,
PR B 7 J5 1 iR B e ARSI/ 2 0, BIPE 2
IAJHFLE 0.5 s,

HiPE 12 n] 0, e S R B+ POtk B Rk 2
AT, R 5E - B0 4 3 B 0 3L [R] R $H b AR A 1y 7 A



Fa L 1 [ER S R 7

/NGRS B HUAE SRS R KRR R BR B (A S 5

117

M7, 52 TR WA — 20, P38 B A A 10
AR o AEt=2.2 s I MR Y] H 98 2P B, A5 BEAR
TR BT B o S HESL AT RN 3l 7K 52 b B4l Aly = A
AR AT, Jim HESE AR SIS B0 513 A 17 0 A 2R SR A A
JUN G R, SEAE AT BT 32 TR 2
PRI AL R 52 W HT o A AEIE OB BR | SCH%
SEFEAMISR B 52 5 5 Ak, 5 HAEAY S B BT
FHARH R, W Z B30, FE S F R A 5

—— Element:4(164113)
—— Element:B(164116)

2.5x 10 ¢
2.0x 10 |
1.5x 10" b

£ 1.0x 10" +
4];3 5.0 x 10° |
0F

-5.0x 10° |

-1.0x 10" F

o 1 2 3 4 5 6
B[] /s
(a) SRS HR IR BE £ B IR] - 7

(a) Time—pressure curve of concrete at the bottom of column

HAWA PR A A A, B0 A5 78 52 P32 TR ZS T AW
e, BRI R R PEAT , S50 )5 HE S S A S
TR 42 A , 52 30 1 v 4y oy Sz T3 AR, SCEE ST AR L A2 3
ARG R AR RIS BT o AR e =2.7 s I, SN
BT TSR AT IV AE TR B I 557 3 B 2R 800
7S, B 555 B 0 R S5 M B, S PR S S R R T
%:[17,18] )

—— Element:4(2948)

3
1.2x 10" —— Element:B(2945)

1.0 x 10" -
8.0 x 10°
< 6.0x10°F
& 6
R 4.0 x 106 3
M 2.0 x 10°
() -
—2.0x10°}F
-4.0 x 10° F
-6.0 x 10°

o 1 2 3 4 5 6
B 8] /s
(b) ¥B PR B £ B[] - 77 i 4%

(b) Time—pressure curve of plastically hinged concrete

BLL JRE - T e g IR T 2%
Fig. 11 Time history curve of concrete unit pressure
.| —Element:4(165658)
10X 10°F  ——Element:B(165654) 5x10" ¢
——Element:4(168152)
i 4x 10"} ——Element:B(168140)
c‘15.0><10- / 3% 10" ¢ :
=¥ = 7
= 2x 10" :
R & P
b U N R 1x10f /\//\/\
joa) AIAY \ / A/
0 —-—-—-—-—-—-—--a.-:;:;:_:_..\ VAR VA /5. N A
-5.0x 10" \/ -1x10"f \\/
-2x 10" f V
~1.0x 10° : : L \ L ) 3% 10 . . . . . )
0 1 2 3 4 5 6 0 1 2 3 + 5 6
Ik 1] /s k1] /s
(a) 55 1JZ S AL SRR A9 95 16F 1A — 137 7 b 2% (b) 2B A% S5 A5 Bk 17— 13 7 it &
(a) Time — stress curve of reinforcement bars at the bottom of column 1 (b) Time—stress curve of plastic rebar
12 AT ST I

Fig. 12  Stress-history curve of reinforced element

4 #ig

LI ANSYS/LS-DYNA Hff 2 T B, Rk H 4 85 =X
AT TN 5 T L ZE AR A T A R 5y
BT, 3B IR G EE A A (IR T e | 254 i Al 5 R 1Rl
VLR S BESTAE )2 T oL AR B DL R 2598

(1) B0 1198 B, 20 5 1 4 7535 %o BEL A 135
SERG B3 , S5 A0 A 2 A K AR LS5 M, 25 5
BPnEEIE AT v 1 g SR X o0 SR R = W ada cb 2L X s S D1 ]

= HEAS AR A B

(2) BARTE S HESC AL A3t /=, oh T 32 3 b ity J2
TIVEI, e HEGAE Y A 2 BRI S £ v, )
SCHESTAE T IR B SE eI . ERREN R LI PE L
VR e 3, BT P o X S5 HE S A 7 AR ) S i
J1, ™ A I R A5 AL LR

(3) A3 A P BE 0 38 R TR BE L, DY e TR
b BAITHE TN SO BUBR TR BE L STk B K
BOORAFPMIER 5 , 5 I GBS B0 A7 A A R



118

2024 4E3 H

1, 2 B AER R A T A, — Fr ol RS R

[1]

[4]

[5]

S 3Lk ( References)

UK, IR, WhRRE, 2. 5 )2 ST S AR
BROCHER AR S BT [ 1] BR1%,2016,33(3) :75-80,
131.

JIA Yong-sheng,XIE Xian-qi, YAO Ying-kang,et al. Dis-
cussed on key parameters of folding explosive demolition
of high high-rise building[ J]. Blasting,2016,33(3) :75-
80,131. (in Chinese)

BSEIE . PRI AR B R R 5 B [T ] B, 2019,
36(2):1-12.

XIE Xian-qi. Development situation and trend of demoli-
tion blasting technology[ J ]. Blasting,2019,36(2) :1-12.
(in Chinese)

BRSBTS BRUA ATR AR SR A A T
FEAREREULT ] AE Rt TR 7417 ,2012,32(4) 354~
357,385. DOI; 10. 15918/j. thit1001-0645. 2012. 04.
019.

LI Sheng-lin, WANG Yu-tao, HUANG Ming-sheng, at al.
Numerical simulation of single concrete framework implo-
sion demolition [ J]. Transactions of Beijing Institute of
Technology,2012,32(4) :354-357,385. DOL:10. 15918/
j- thit1001-0645.2012.04.019. (in Chinese)

1R SCAR SRR, R EILEL, AR £ B R HE T AT R E
AR [ J]. TR D, ,2018,24(2) :59-65.

GAO Wen-le, ZHANG Ze-hua, SU Kai-kai, at al. Direc-
tional blasting demolition of hotel with multi-section bear-
ing colum [ J]. Engineering Blasting, 2018,24 (2) ; 59-
65. (in Chinese)

Bk, AL, Rl PR RE B I R X ARAE SR 2
Fafess D 09 A ) 48 W R BR (0], 4B Wi 4% A1, 2016,
45(6) :44-50,56.

FEI Hong-lu, ZHOU Jian-hua, WANG Gao-shan. Direc-
tional blasting demolition of a detoxification house with
asymmetric frame structure containing a detoxification
tower[ J ]. Explosive Materials,2016,45 (6) :44-50,56.
(in Chinese)

MHEFHE 22 PR, AT, 55, 22 R HEZRRE 5 A 1) SR 1
PREREIR R T[] 30,2021 ,38(2) - 111-117.
YE Hai-wang, LI Qing,ZHENG Chang-qing, at al. Analy-
sis on collapse process of 22 storey frame building demol-
ished by directional blasting[ J ]. Blasting,2021,38(2) :
111-117. (in Chinese)

PRELAL. 52 m 5 AR 22 () [l SR BBEAR B [ 0] T RE AR
%,2019,25(1) :45-50.

PAN Hong-xing. The directional blasting of 52-meter-high
pulverized coal workshop[ J]. Engineering Blasting,2019,
25(1) :45-50. (in Chinese)

[10]

[10]

[11]

[11]

[13]

[14]

[14]

[15]

[15]

[16]

[16]

TS HEAREE K S 1 R BRTE AN [l 3 o IX 5%
PR ST 5E L D). W W R R 27,2017
YU Ming-liang. Study on dynamic load of blasting demoli-
tion of frame structures under different blasting partitions
[ D]. Xiangtan : Hunan University of Science and Technol-
ogy,2017. (in Chinese)
XML R M, AR AN R B A5
PR D IR B AR SRR [T ] 2O TR 4l (A
SRBL2ERR) ,2020,40(2) 119-27.
LIU Wei, YE Jia-ming, HU Bin,at al. Study on demolition
blasting of high strength reinforced concrete structure
building and its numerical simulation[ J]. Journal of An-
hui University of Science and Technology ( Natural Sci-
ence) ,2020,40(2) :19-27. (in Chinese)
BAR, EWILL XA S 11 JZHE RS R b 1 i
B[] JEw R 1% ,2020,38(4) :34-38.

LUO Wei, WANG Ming-ming, LIU Zhi-bing. Blasting
demolition of 11 storey frame structure building[ J]. Coal
Mine Blasting,2020,38(4) :34-38. (in Chinese)
PR, A B AEH S 2 e 2 R IR B R [ ] T
R ,2019,25(5) :52-56,62.

XIE Qian-bin. Demolition blasting of high-storey build-
ings with complex internal structure [ J]. Engineering
Blasting,2019,25(5) :52-56,62. (in Chinese)

ZHOU Xiao-guang . Simulation calculation of the col-
lapse process of high-rise steel structure energy-forming
cutting blasting demolition[ J ]. Wireless Communications
and Mobile Computing,2022,2022 :3735006.

SUN Jin-shan ,JIA Yong-sheng ,XIE Xian-qi ,at al. De-
sign criteria for the folding implosion of high-rise RC
buildings[ J ]. Engineering Structures, 2021, 233 (4) .

111933.

. LI, A BT MATI6 A RIR Y
R - 2 A PR R R B (B DL [T ] SRR A,
2015,44(1) .41-45.

LI Qing, YANG Yang, YANG Ren-shu,at al. The numer-
ical simulation of reinforced concrete structure blasting
based on MAT96 constitutive model[ J]. Explosive Mate-
rials,2015,44(1) :41-45. (in Chinese)

RN, TAE. SR ie 5 TASF [ M]. dt
AU N RS Y ik, 2008.

WANG Xu-guang, YU Ya-lun. Blasting demolition theory
and engineering example|[ M ]. Beijing; China Communi-
cations Press,2008. (in Chinese)
SR, AR R I, 4. 20 AT R L AR HE SRS
P R PR R A BUDEE[ T ] M ,2021,38 (1) :93-
99.

GAO Wen-le, Ll Yuan-zhen,ZHAO De-long, at al. Nu-

merical simulation on blasting demolition of multi-section



HaE H1H

UK, ERERE, EREE A N

FEHEZRZS

PR ER R BRI T 119

[17]

[17]

load-bearing column frame structure[ J ]. Blasting,2021 ,
38(1):93-99. (in Chinese)

WRRRR 5 SE AT L Pvas L, A5 AT IR Bk - S AR
B AR BRFEDTTE L ] 4R, 2017,34(4) : 1-6,
16,185.

YAO Ying-kang, XIE Xian-qi,SUN Jin-shan,at al. Bear-
ing characteristics of reinforcement steel cage after rein-
forced concrete pillar blasting [ J |. Blasting, 2017,
34(4):1-6,16,185. (in Chinese)

[18]

[18]

FEESR  FRIN N, BRI AR , 45, SR AR e 5 B3 2o e 10 5%
FME N (D) —zshd ot [J]. TRE,
2007(3) .8-13,17.

CUI Xiao-rong, ZHENG Bing-xu, WEI Xiao-lin, at al.
Close- range photogrammetry analysis of building-col-
lapse (i) —movement of building during bl asting demo-
lition[ J ]. Engineering Blasting,2007 (3) ;8-13,17. (in
Chinese)

KX R RAT

(L2559 1)

[20]

[20]

[21]

[21]

[22]

[22]

[23]

[23]

[24]

[24]

[25]

RN R AR A T ORI B PR Y
AR R LRSI [T T ST,
2017,46(5) :62-65.
LI Jie,XIA De-yun, YU Hong-bing, et al. Comprehensive
evaluation of rock mass blastability classification based
on Uncertainly Measurement Theory[ J ]. Industrial Min-
erals & Processing,2017,46(5) :62-65. (in Chinese)
ARG EE, O B TR IE T 4 2
HHR A A & A AR B PP T R [T ] A A
2R 5 T HE,2006(S2) :3687-3693.
KANG Zhi-qiang, FENG Xia-ting, ZHOU Hui. Applica-
tion of extenics theory to evaluation of underground cav-
ern rock quality based on stratification analysis method
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing,2006(S2) :3687-3693. (iin Chinese)
FEia A . PEI RS PR AU B A A MR AGE [ T]. RESE
AR 5 90#,2010,30(7) :1225-1228.

CHENG Qi-yue. Structural entropy weight method to
confirm the weight of evaluation index[ J ]. Systems Engi-
neering-Theory & Practice,2010,30(7) :1225-1228. (in
Chinese)

WitE A 22 Ja 1 D SR v 5 T 8 22 d R ) 445 TRA
IR AG TR S THAR ,2004(2) :194-197.
CHEN Hua-you. Combination determining weights meth-
od for multiple attribute decision making based on maxi-
mizing deviations[ J |. Systems Engineering and Electron-
ics,2004(2) :194-197. (in Chinese)

MR M, e G £ R WAGES B RITH S
WAL LT ] B S 5IAR,2007 (1) < 17-22.
CHEN Wei, XIA Jian-hua. An optimal weights combina-
tion method considering both subjective and objective
weight information[ J ]. Mathematics in Practice and The-
ory,2007(1) ;:17-22. (in Chinese)

W 8 kB S0, 1T AL 2T AHP-EWM-Z AL
BRI FORSERIEN [T]. A Oa )8 TR, 2022,
12(11) :102-110.

[26]

[26]

[27]

[27]

[28]

[28]

[29]

[29]

CHENG Mao, YAO Xi-wen, XU Kai-li. Evaluation of wa-
ter inrush risk in metal based on AHP-EWM-Cloud Mod-
el[ J]. Nonferrous Metals Engineering,2022,12 (11);
102-110. (in Chinese)

FooPl, R B2 TR IES S B
Al R R AEAN [T ] op AR AR K R K
2020(10) :159-163.

LUO Kai, TANG De-shan, TANG Yan. Evaluation of ag-
ricultural water use efficiency based on entropy weight —
cloud model [ J]. China Rural Water and Hydropower,
2020(10) :159-163. (in Chinese)

OB ES REE, . R T HRWREGE S B
TR BN (1] ARAE 222 i (A AR
i) ,2017,38(11) :1643-1647.

CAO Chen, LI Hui-zhong, CHEN Jian-ping, et al. Rock
quality evaluation of dam foundation based on component
and cloud model weighting method[ J]. Journal of North-
eastern University ( Natural Science ), 2017,38 (11) .
1643-1647. (in Chinese)

WA, R, DR, 45 BT KA SCHR 0BT (4
PRSP N RIS () ] 2 T, 2014,46 (9)
1-4.

YANG Ren-shu, WANG Mao-yuan, MA Xin-min, et al.
Application study on classification of rock mass blasta-
bility based on grey correlation analysis[ J]. Coal Engi-
neering,2014,46(9) :1-4. (in Chinese)

JE O, R T, AR BT LR G AR 2R 03 B
A AR A DTN [ T). B % 5 TR,
2013,32(S1) :2817-2824.

ZHOU Nan, WANG De-sheng, CHANG Jian-ping, et al.
An appraisement for zoning of blasting compliance of
rock based on clustering analysis of decide weight com-
prehensively [ J ]. Chinese Journal of Rock Mechanics
and Engineering, 2013, 32 (S1) :2817-2824. (in Chi-

nese )

KX RAT





