F40E 4 ok Vol.40 No.4
2023 4E 12 A BLASTING Dec. 2023

doi:10.3963/j. issn. 1001 —487X. 2023. 04. 020

CO, SIRKEFHSMERMIXIEHR "
S SN UL ST ST R A I

(L PURrsS TR FRA R, # T 53020052, ) PUB TS TEARDERE 1 TR, # T 5302005
3. PR FA OK R BCE TR G, BT 53020054, )P RE a. BARHR TR 2B
b, B S PREE B, 1T 530004 ;5. HEMRIE TR 2 b BHRR 2 5 TR B FEAK 541004)

H E: EMERRIETSG TR KERFSHOKTHRE, SRAKTHERFELYE, KT E LA
R FRENAR D EBRRAEFRIFEGRMN, R TR T RE, HFRETFZE KRB
KT AE LR B SRR SR AR T IR R IN G AR AR X TAESUR A M 28 5 B med B kdm s JE MR R, 4
HIAETA R FAR IE L5 TR ERR, BRAEABIKEERA, H T oMRERRYwEE,#47
I3 B B, TR T R B AR R A R A 4E JUR A R EARRIAE A 2R T, CO, #RME  4E3L CO, &R A
45 3USLALYE 2R B K I ok A B R IR . VAT IR 184 ~ 228045 80 Sk A AR 1S W TS AR B R AR AR
A ARNE B BT B BT S MIE B BRI KRR EBRESH LB MRS EF £, @iEstit
AR A B AL A AR, CO, BRIB K &k A EAAZ 4530 CO, &R0 1.87 ~41.9 45, mAK F4EILILILIEZ
At CO, AMBREFRT.9~18. 745, AN RIIMAASEH 3 ~1045, KX AB R EFRIAZFE A A
EAR R &R TAR T RAR F R AEFNEG R L 2S5 K P ok F kA F R,

FEIE: KRTHE; CO, abk; &8 REk; MER

hES%ES: U655.52 XEkiRIREG: A XEHS: 1001 -487X(2023)04 - 0154 - 07

Experimental Study on Water Hammer Wave
and Seismic Wave Effect of CO, Gas Explosion

FAN Huai-bin"*> |LU Shao-feng'*> ,MO Chong-xun* ,QIN Cai-yong'*>> ,DIAO Yue® ,YANG Chao’
(1. Guangxi New Harbour Engineering Co. ,Ltd. ,Nanning 530200, China;
2. Wang Xu-guang Academician Work Station, Guangxi New Harbour,Nanning 530200, China;

3. Reasearch Institution of Underwater Rock-Cutting Engineering at Guangxi Zhuang Municipality
Region, Nanning 530200, China ;4. a. School of Architecture and Civil Engineering;b. College of
Resources and Environment, Guangxi University , Nanning 530004 , China ;5. College of Materials

Science and Engineering, Guilin University of Technology, Guilin 541004 , China)

15 %5 H i ( Date of reception) :2021 — 12 -24 M 4% 5 % B &8 ( Published online) ;2023 -04 - 03

YEERIAT UMOR (1984 — ) 3B 801 i 9 T AR, 2 TRRRERI B I LT TAE, (E-mail) fanhuaibi@ 163. com,

BIAERE B (1974 - ), 53, B4R AR S0, TR SOK BT DT , (E-mail) 513882593@ qq. com,,

E&UH : K ARFERERTH (51969004) ;7 PR R HA A LI (HRE AD20238084 ) )™ 7 H A A A T4 (RERE AB22035001) ; Byttt

T R A4 (B AB21014001 | B RE AB20014013 ) 5 ™ V4 52 it s iy A7 oll B s BHEEIT H (A2 {8 2 (2022174 )

About the author . FAN Huai-bin( 1984 — ) ,male, senior engineer, master, mainly engaged in engineering blasting design, consulting and safety as-
sessment , ( E-mail ) fanhuaibi@ 163. com.

Corresponding author ;MO Chong-xun( 1974 - ) ,male, professor, Ph. D ,mainly engaged in research on hydrology and water resources, ( E-mail )
513882593@ q. com.

Fund Programs: The National Natural Science Foundation of China(No.51969004 ), Guangxi Science and Technology Base and Talent Project
( Guike AD20238084 ) , Guangxi Key R&D Plan( Guike AB22035001 ) ,Key R&D Plan of Fangchenggang City( Fangke AB210
14001 , Fangke AB20014013) ,Key Science and Technology Projects in the Transportation Industry of Guangxi ( Gui Jiao Bian
Han[ 2022 | No. 174)



40 % A4

VR, Bl 50 45 CO, R/ 5 M RS B ORI F 5T

155

Abstract :

derwater reefs higher than the designed bottom elevation. However, after drilling and blasting, there are still some

In channel dredging engineering,the underwater drilling and blasting technology is often used for un-

rocks that cannot be completely removed and irregular and unstable underwater shallow points remaining. In actual
construction , emulsified explosive is often used to remove such isolated stones. Compared with drilling and blasting,
adobe blasting has small contact surface between explosive and rock face,large amount of explosive,low energy utili-
zation rate, high explosive consumption, large noise and water shock wave, affecting ecological environment and so
on. In order to analyze the influencing factors of shallow blasting, field monitoring research was carried out to compare
the adobe blasting underwater and the drilling & blasting method. Under the same effect,the water hammer wave and
seismic wave data of CO, adobe blasting, drilling CO, gas blasting and drilling emulsion explosive blasting were ob-
tained. In this paper,taking the foundation groove,berthing excavation,reef blasting and reef clearing project of 18#
~224# berth wharf in Fangchenggang as examples, the arrangement and amount of charge are formulated according to
the property of rock strata,rock formation,water depth and shallow point thickness of the blasted rock top. The results
show that the overpressure of CO, adobe explosion is 1.87 ~41.9 times that of CO, drilling gas explosion under the
same cylinder condition. The overpressure of underwater drilling emulsion explosive blasting is 7.9 ~18.7 times of
the water shock wave of CO, drilling gas explosion,and the vibration value is 3 ~ 10 times of the latter. Based on the

research on the propagation law of underwater blast wave,this paper comprehensively analyzes the harmful effect of

underwater shock wave.
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Fig. 2 Control subsystem of electronic detonator
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Table 1 Detection data of CO, gas explosion water hammer wave in underwater borehole
X LIPS A (s R A/
s g AR
50 g = Py Py 2 AKIEE/m FEES/m MPa
1# BST20169 -2 1287 2 1 0.0366
2# BST20132 10122 2 2.5 0.0257
1OBAEL)
3# BST20198 1286 2 6.8 0.0137
44 BST20169 -1 1285 2 13 0.0067
1# BST20198 -2 1286 2 1 0.0142
2(FEAL)
3# BST20130 10122 2 3.76 0.0088
3(EHEFL) 1# BST20198 -2 1286 2 0.5 0.0588
1# BST20198 -2 1286 2 12.5 0.0021
4 (AL
3# BST20130 10122 2 13 0.0010




40 % A4

VR, Bl 50 45 CO, R/ 5 M RS B ORI F 5T

157

&2 KT CO, SIFKE IR BN R
Table 2 Underwater CO, gas explosion water hammer wave detection data
e W R ATK i, I (E/ s
HE S G I /m MPa
14# BST20198 -2 2 2.30 0.23080
24 BST20132 2 3.80 0.13190 N,
1 3# BST20130 2 5.56 0.07020 R 1M
’ ’ s CO,
4# BST20169 -2 2 8.10 0. 03860
S5# BST20169 -1 2 14.30 0.01762
14 BST20198 -2 2 2.30 0.55090 . .
. BRAE 2
2 24 BST20132 2 3.80 0.35230 -
W COo,
3# BST20130 2 5.56 0.19580
14 BST20198 -2 2 2.30 0.39630
24 BST20132 2 3.80 0.22690 . .
B 3
3 3# BST20130 2 5.56 0. 12800 .
s CO,
44 BST20169 -2 2 8.10 0.10480
S5# BST20169 -1 2 14.30 0.04190

R 3 KTEALKELSEFLIRRK & IR S HUR

Table 3 Water hammer wave detection data of underwater emulsion explosive drilling and blasting

g I gAY (R

ATK

IR/

A i . TR ™ wiE
1# BST20132 10112 2 6.00 0.7238
2# BST20169 -1 11288 2 9.10
1 34 BST20130 10122 2 12.10 0.3284
44 BST20169 -2 11285 2 15.00
54 BST20198 -1 11287 2 21.00 0.1853 3t 12 AL,
14 BST20132 10112 2 7.25 1. 8649 ﬁ?L%é@Z. 3~
2# BST20169 -1 11288 2 10.35 2 7 ke, 2RV
A FL A A
2 34 BST20130 10122 2 13.35 0.3305
44 BST20169 -2 11285 2 16.25
5# BST20198 -1 11287 2 22.25 0. 1451
2.1 7kT%h7l CO, R 2.3m3.8m.5.56 m 8.1 m 14.3 m, /K P R4
8 K R AL CO, AR 7K o Ik W B s 6 1 w4 0. 2308 MPa. 0. 1319 MPa. 0. 0702 MPa.
AT 0.0386 MPa .0.01762 MPa, 7K 7 5 #8 & 5] 5 25 484 i

1)4 YA 75 9 A~ 7K i ok 4 e S5l , B B A
0.5 m EHNF] 12.5 m Ay FE i, KT U e B A2 ik
28 fi5 , MR (F S B (4 3 i T R S i

2)BEES R 1 m B, BROSCHE K o U8 AR £k
2.58 {5 BE R R 12.5 2] 13 m Z ], LXUHEFL K &
P ARG 3. 19 %5 ~ 6.7 1%, K I R
SR L B RS R
2.2 KT CO, §1E

MG 2 AT, = AR EEMAS 13 A K o 5k 4
it 7K b Ve R e W A KB R 55 7S U B T4 A 7Y
0.5509 MPa, fiz /MME Ry 55 F UK 5 5 #0055 1Y
0.01762 MPa 1#J 55 ~ 5#0 25 25 42 DX B B8 53 51

1T B S, R R A 13 45, 1813 SR
DR U S5 T I R R

AT R ) R T

1) BRI 5 WA CO, 122 # il 5 CO, 1)
S5 R 1] 52 TEAH 5G 56 28 5 7 8 VA B0 384 i AH 728 I [
K R (EBOR s A PR 2 T AR R 2 07 e

2) R IR s AR SR I [E] BE AR 16 ms, B R4
ZEIFE] S 139 ms, B H B Sl R, 26— bk 3)
M 157 J& 391 2k 204 ms o 25 I SO A 7 SR 1] i e
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o6r . one pipe 1 1. 8649 MPa, fz/IME R S#M 2517 0. 1451 MPa,
—————— two pipes
05| three pipes HeAe 3 /0 5 11 26 488 X 86 K o B, 14
ol W34 5 AR K BB A K 6 m,
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Fig. 3 Time history diagram of gas explosion

pressure of different number of bottles

3) AR AR K AN S rh R R — A, K R AR A bl
TR K AN 1] S 1% , 56 38 56 257 B 0 8 o ik
HERE DR T BIIE R M LEB IR ME . 2 S50 i i 5
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ELL /NN

P =0. 48646(

01/3 ) 1. 4787
L

P K A TR, MPa; Q S CO, 4
$eS ks L ALK R A K TR B m,
2.3 FUHEAKTEHFLIRMH

AT 3 AT, K D VA (L e B A 1R 57

0.0137 MPa 0. 7238 MPa.1. 8649 MPa, A5 JFi5#1
BECHALS BRI B ZLALKE 25 R S CO, Al
Lb, FLARKE 25 17K 5 5 R 22 CO, 0K o i i e
[y 52.8 ~ 136 £,

2) BEHHE B AT A LA WA 113 m (12,5 m |
13.1 m 12. 1 m 13. 35 m, X7 59 7K o 3 88 o .
0.0094 MPa 0.0021 MPa.0.001 MPa.0.3284 MPa
0.3305 MPa, MR FFZHAEL (ML S EAH R B9 LAk
YELJR S CO, SUREAH L, ZLALKE 25 oK o i R
J& CO, SRR IR 34. 9 ~330 %,

SR U 600 I E s T 1 S S =7 i 3 o
CO, S AH X L Ak K 25 /K 5 I 48 e B IR 250 2R 2
34.9 ~330 £,

&4 KTEHFL CO, SIRFNFLAL MEZGIRA K 5 K 25T

Table 4 Underwater drilling CO, gas explosion and emulsion explosive blasting water hammer wave detection

R L ) ) s 10 AN & NIV
?ith e U\j“:. IE%JX & D%% ‘ 3\7J< B /m PPN E)
WF T2 ihs2 s R/ m MPa
. 44 BST20198 1286 2 6.80 0.0137
1 KTFERFL CO, S4B
S5# BST20169 -1 1285 2 13.00 0. 0094
14# BST20198 -2 1286 2 12.50 0.0021
2 KL CO, S48
34 BST20130 10122 2 13.10 0.0010
= 1# BST20132 10112 2 6.00 0.7238
3 KT EE LA R
3# BST20130 10122 2 12.10 0.3284
= 14# BST20132 10112 2 7.25 1. 8649
4 KT EEFLFLALKEZY
34# BST20130 10122 2 13.35 0.3305

3.2 KT$57L CO, SIEH CO, K THRFKE K
POl
1) N5 e O sS B8 2.3 ~2.5 m 9L
HIMAEAE 2. 3 m b CO, HLJ S MK - i e 53
24 0.2308 MPa 0. 5509 MPa.0.3963 MPa,2.5 m
Ab 7K R Bl AL CO, AR 52 I S K i R R A
0.0257 MPa, B It AT UL AR [A] <O 2544 7, KR CO,

PRI K e R 27K R Al FL CO, MK 5 I H
JERY 8.98 ~21.4 4%,

2) MU B AT ) LZH W54 :3. 76 m 3.8 m,
3.8 m 3.8 m, XJ L {4 7K o 8 2 0. 0088 MPa
0.1319 MPa 0.3523 MPa.0.2269 MPa, CO, #i#5
K FEGFL CO, SR LL MR SAE T , 7K F €O,
R K T U R 2K T 8 FL CO, SRk i
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FEf#) 15 ~40 £,

3) MR 25 AH T A9 LA % P8 . 13 m 12.5 m
13.1 m, 14.3 m 14. 3 m, X} % (9 K o5 3 88 % R
0.0094MPa 0. 0021 MPa.0. 0010 MPa.0. 01762 MPa .
0.0419 MPa, CO, #i4 57K M &£l CO, SUHBAHLL , #H

AT, KR CO, BB K o B R 2K
EhfL CO, Rk B 1.87 ~41.9 £%,

A RN E AT, EBA A R AR R SORAET,
KT CO, BRI EK T L CO, KB K I R
1.87 ~41.9 4,

R5 kTl CO, 5IEF CO, 7k THRIE 7k o7 il La il
Table 5 Underwater drilling CO, gas explosion and emulsion explosive blasting water hammer wave detection
R ) 5 03 R IR/
L/EE% P U~J":. }Ei; & j‘% ‘ 3\7J< B /m BRI,
T Iz PE e s REE/m MPa
1 K FEGFL CO, S59% 2# BST20132 10122 2 2.50 0.02570
5# BST20169 - 1 1285 2 13.00 0. 00940
2 KTENL CO, 4 3# BST20130 10122 2 3.76 0. 00880
1# BST20198 -2 1286 2 12.50 0.00210
3 K FEEFL CO, K4
3# BST20130 10122 2 13.10 0.00100
1# BST20198 -2 2 2.30 0.23080
4 JKF CO, #ikE 24 BST20132 2 3.80 0.13190
5# BST20169 - 1 2 14.30 0.01762
S K CO. it 1# BST20198 -2 1286 2 2.30 0.55090
/ 2 24 BST20132 10112 2 3.80 0.35230
1# BST20198 -2 1286 2 2.30 0.39630
6 KT CO, ¥t 24 BST20132 10112 2 3.80 0.22690
5# BST20169 - 1 1285 2 14.30 0.04190
3.3 KTEhFL CORBE AN IER BRI L 31 TFALKE IR RN 2. 282 ~2.724 em/s Z

KT CO, FLNAIBRRIK FRALKEZGFL I 2 24
WG 76 5.5 ~8.5 m Z AL I, K R CO,
LSRR IR R 0. 227 ~0. 938 em/s Z[i], 7K

], fE BE AR S HUT , CO, FLIN IR S B fEL 2
FULIELS LN B R 1/10 ~ 173, CO, RS
FUIE 2O IR AN 3L 6 TR .

F AR A=A BL . S P Al D AR K ol 5

MR PR B RUE

Fz 6 KT CO, SESI ML BRWIXLIRE
Table 6 Vibration velocity of CO2 gas explosion and emulsion explosive blasting test
N3 PR K g [ e SRAL K P shBE/ o
W BRI i 53 44 ey BE/m (om-s ) i
KL AERSELT - 14 STMT12253063 0.444 }
! CO, < J% SEMEIEKE - 24 STMTI2253067 8.50 0.227 —UGRAR 12 AL
IKFEGEL SRR - 14 STMT12253063 0.938 . /
2 CO, K47 SEALBLG K -2#  STMT12253067 7.0 0. 605 —UGRAL Ml
KL SENRBT - 1# STMT12253063 0.929 ‘
3 CO, S J3 MG KT -2#  STMTI12253067 5-50 0.527 —UGEA 8 A
KFEFLFAL SRR - 1# STMT12253063 2.403 s ‘
4 YEZUHENE  SEANBUGKIE -2#  STMT12253067 8.50 2.282 —UGRA 12 AL
KTFEALFAL SO - 14 STMT12253063 2.724 - ‘
> FEZEIMRE SABUGKIE —2#  STMTI2253067 7.25 derq  ERRIZ AL
4 BB, TR B PR Sl S Il R, AT B bk s
it 184 ~ 22T Sk F U AR R VKR DA T D3k, T
AT R B M 2% K B AL HE LU KK A i 5 4 JE T 7K B FLAB RS Wy, K o i M I
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(1)K CO, oK il 1 e A1 B g 34 iy
RS B, B 25 /KT R IR SO I, Ak o5
JEBH 30,

(2) AR AOM AR T, K T #iEE CO, [
FEIK T EAL CO, SRR IR 1.87 ~41.9 £%,

(3) PR B AHIT | W AR TR LA T, K T 4
fL CO, AR ™ A 1 ¥R 3l 3 BE A A KT il FL R
7 B R IR B B AR 1/10 ~ 1/3
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