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Research on Influence of Water Depth on
Explosive Performance under Deep Water
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( Changjiang Chongqing Waterway Engineering Bureau, Chongqing 400010, China)

Abstract; When conducting blasting under deep water, the explosive will be affected by high water pressure and
long-term water immersion conditions due to the long charging time. Only when the performance of the explosive
meets the technical requirements can the blasting effect be guaranteed. Taking the waterway regulation project of Lia-
ntuo river between the Three Gorges Dam and Gezhouba Dam as the research background it was found the original e-
mulsion explosives composition was weak in resisting deep water pressure during the reef blasting. The detonation dis-
tance was small,and the intensity was insufficient during the construction at a depth of 40 m. The performance of wa-
ter gel explosives, chemical-sensitized explosives, glass microsphere-sensitized explosives, and perlite-sensitized ex-
plosives were studied by experiments in the laboratory adjusted the hydrostatic surface pressure to simulate the deep-
water condition by using the deep-water measurement method. A relationship between the explosive performance and
immersion time was explored under different water depth conditions. Meanwhile ,a relationship between the explosive
performance and water depth was built under different immersion time conditions. Comparing the experimental re-
sults , the study shows that the performance of glass microsphere-sensitized explosives ,chemical-sensitized explosives,

perlite-sensitized explosives, and water gel explosives all slightly decrease and meet the engineering requirements
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when the water depth is 0 ~20 m. It is recommended to use glass microsphere-sensitized explosives and perlite-sensi-

tized explosives when the water depth is 20 ~40 m,and the glass microsphere-sensitized explosives are suitable when

the water depth is 40 ~50 m. Besides, the glass microsphere-sensitized explosives have relatively small performance

degradation under high pressure and long-term immersion conditions, and it is suitable for underwater drilling and

blasting construction in deep water conditions.
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Fig. 1 The relationship between the detonation velocity of zzgg :
water gel explosives and immersion time under 0 1'0 2'0 3'0 4'0 5'0

different water depth conditions
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Fig. 2 The relationship between the detonation velocity of
water gel explosives and water depth under

different immersion time conditions
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Table 1 The degree of decrease in detonation velocity of water gel explosives after immersion

o KA/m
BT/ 10 20 30 40 50
4 0.0075 0.0159 0.0210 0.0267 0.0324
8 0.0149 0.0228 0.0285 0.0352 0.0403
16 0.0211 0.0298 0.0354 0.0424 0.0467
2% 0.0295 0.0383 0. 0439 0.0483 0.0530
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Fig. 3 The relationship between the strength of water
gel explosives and immersion time under

different water depth conditions
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Fig. 4 The relationship between the strength of water
gel explosives and water depth under

different immersion time conditions
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Table 2 Test results of post-immersion strength of water gel explosive

; N JKE/m

BRI /b 10 20 J(Z‘j(() 40 50
4 0.0428 0.0850 0.1150 0. 1429 0.1955
8 0.0643 0.1186 0. 1554 0. 1838 0.2489
16 0.0932 0.1471 0.1825 0.2189 0.2792
24 0.1206 0.1542 0.2138 0.2665 0.3136
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Fig. 5 The relationship between the detonation velocity of
glass microsphere sensitized explosives and immersion time

under different water depth conditions
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Fig. 6 The relationship between the detonation velocity of
glass microsphere-sensitized explosives and water depth

under different immersion time conditions
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Fig. 7 The relationship between the detonation velocity of
perlite-sensitized explosives and immersion time

under different water depth conditions
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Fig. 8 The relationship between the detonation velocity of
perlite-sensitized explosives and water depth

under different immersion time conditions
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Fig. 9 The relationship between the detonation velocity of
chemically sensitized explosives and immersion time

under different water depth conditions

Hi P& 10 A] A1, 2432 7K IR a] — 20wk, B K R Y
BER A AR KR 25 IR AR T2 /1 T LA i
AR R A K DR I R AR R AL, JK X 1t
RN RIPERERZ B W] X2

—a—4h
4950 —38h
——16h
——24h

SR /(m - s7)
5 5 %5 &
o S O S
S S o &

4700
0 10 20 30 40 50
IR /m
B 10 AS[AE K ] 244 T Ak 2E R A K 2 ek
Rt K R (1) AR 05 2

Fig. 10 The relationship between the detonation velocity of
chemically sensitized explosives and water depth

under different immersion time conditions
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Table 3 The degree of decrease in detonation velocity of glass microsphere-sensitized explosives

after immersion in water

. | TKIE/m
BKBYTE/ b 10 20 30 40 50
4 0.0059 0.0090 0.0141 0.0165 0.0208
0.0104 0.0143 0.0189 0.0254 0.0278
16 0.0180 0.0223 0.0269 0.0334 0.0418
24 0.0257 0.0291 0.0364 0.0436 0.0527
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Table 4 The degree of decrease in detonation velocity of perlite-sensitized explosives after immersion

§ N TKIE/m

B IR 10 20 30 40 50
4 0.0076 0.0134 0.0189 0.0239 0.0294
8 0.0147 0.0223 0.0317 0.0383 0.0480
16 0.0207 0.0273 0.0449 0.0512 0.0554
24 0.0279 0. 0469 0.0527 0. 0650 0.0672
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Table 5 The degree of decrease in detonation velocity of chemically sensitized explosives

after immersion in water

; N TR/ m
B IR 10 20 30 40 50
4 0.0058 0.0114 0.0151 0.0218 0.0291
8 0.0108 0.0167 0.0023 0.0311 0.0377
16 0.0192 0.0263 0.0317 0. 0409 0.0518
24 0.0271 0.0313 0.0399 0.0478 0.0544
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under different water depth conditions
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Fig. 12 The relationship between the sharpness of
glass microsphere-sensitized explosives and water depth

under different immersion time conditions
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perlite-sensitized explosives and immersion time under

different water depth conditions
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Fig. 14 The relationship between the strength of
perlite-sensitized explosives and water depth under

different immersion time conditions
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Fig. 16 The relationship between the strength of
chemically sensitized explosives and water depth under

different immersion time conditions
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Table 6 Test results of the strength of glass microsphere sensitized explosives after immersion in water

N N TKIE/m
KRS/ 10 20 30 40 50
0.0127 0.0401 0. 0661 0.0941 0.1192
8 0.0289 0.9299 0. 1060 0.1304 0. 1557
16 0.0375 0.0862 0.1258 0.1571 0. 1882
24 0.0492 0.1029 0.1567 0.1938 0.2308
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Table 7 Test results of post-immersion strength of perlite-sensitized explosives

; . K/ m

BOKHE/h 10 20 30 40 50
4 0.0613 0.0929 0.1349 0.1729 0.2155
8 0.0919 0.1226 0.1653 0.2038 0.2589
16 0. 1060 0.1371 0.1825 0.2189 0.2892
24 0.1219 0.1542 0.2038 0.2665 0.3236

RS NWEHUEHHRKEEEN KSR

Table 8 Test results of the strength of chemically sensitized explosives after immersion in water

. N K/ m

B/ 10 20 30 40 50
4 0.0224 0.0458 0. 0697 0.1144 0. 1555
8 0.0275 0.0826 0.1253 0.1638 0.2080
16 0.0670 0.1051 0.1513 0.2054 0.2605
24 0. 0800 0. 1300 0.1877 0.2532 0.3161




170

2024 4E9 H

M TSR FE K R R i e AR # K
N 2 RSB RO A F AT S5, (0 S PR TR
KRR 5 2 W2, I ZabE T I 1 42
RG-S AU PSE SRS = kN 7R I8 2 N

23 37 ik ( References )

(1] ERZ2ETREEHER. GB 6722—2014 171 %
RS ] Abnt: o AR E L Rt , 2015,

[1] State Administration of Work Safety. GB 6722—2014
Safety regulations for blasting[ S]. Beijing: China Stand-
ards Press,2015. (in Chinese)

(2] Hsgs = A s TR A B2 A, ROV PR E T 72
Jey. JTS 204—2023 Jkiz TREHE AL AR RE S ], Jb At
N RS H A B0 A R 7, 2023.

[2] Beijing CCCC Third Navigation Engineering Bureau Co. ,
Ltd. , Changjiang Chongqing Waterway Engineering Bu-
reau. JTS204—2023 Technical code of blasting for port
and waterway engineering| S]. Beijing: China Communica-
tions Pree Co. ,Ltd. ,2023. (in Chinese)

[3] B AL BRI FESR R ARBEFE[D]. &
HE - v L B2 R R, 2008.

[3] ZHAO Gen. Study on technology of the cofferdam demoli-
tion blasting in deep water conditions[ D ]. Hefei ; Univer-
sity of Science and Technology of China,2008. (in Chi-
nese )

(4] sk BOKIE T T ZUACKE 24 1) 1 R I e S AL R T 5
[D]. B RWIH TR ,2022.

[4] ZHANG Hai-tao. Study on static pressure desensitization
and mechanism of emulsion explosive under deep water
pressure [ D ]. Kunming; Kunming University of Science
and Technology,2022. (in Chinese)

(5] XUBCh. TR T M. dbat: 66 Tl R
#1,2003.

[5] LIU Dian-zhong. Practical handbook for engineering blas-
ting[ M ]. Beijing; Metallurgical Industry Press,2003. (in
Chinese)

(6] B MR, ZF ST, 5. FLALKEZ K b A e
PeALRE ARG ()], R 1E,2011,28(2) :1-4.

[6] ZHAO Gen,JI Rong,ZHENG Xiao-ning, et al. Experimen-
tal investigation on propagation rule of shock wave by e-

mulsion explosives underwater blasting [ J ]. Blasting,

[10]

[10]

[11]

[11]

[12]

[12]

[13]

[13]

2011,28(2) :1-4. (iin Chinese)
ARG AR R B A KRR PR KR 1 ot
PERELT . B 4E 5 7 ,2009,29(2) :172-176.
LI Jin-he ,ZHAO Ji-bo, TAN Duo-wang, et al. Underwater
shock wave performance of explosives| J]. Explosion and
Shock Waves,2009,29( 2) :172-176. (in Chinese)
EHIVE R WL KR B LR BOK Hh i Y
FAARAEFE (1], K i RE IR A} 2% ,2009,27 (4) + 138-
141.
GAO Ming- tao, LI Xin,ZHOU Jing. Numerical simulation
of shock wave in water of underwater drilling blasting[ J ].
Water Resources and Power,2009,27 (4) :138-141. (in
Chinese )
AR, e IR, FMRAE, &5 KR R X KT Bl LR
ety i sy W fH Ay B2 ma [0 ], 5% B 4% 44, 2008,
37(3) :4-6.
SHAO Lu-zhong, LONG Yuan, SUN Yuan-Zheng, et al.
The effect of depth to the pressure peak value of underwa-
ter drilling blasting shock wave[ J]. Explosive Materials,
2008,37(3) :4-6. (in Chinese)
Frtthae, XIH I, 254 . KT Al FL R A 1) £ A 40
[J]. TARm,2010,16(4) :13-17.
QI Shi-Fu, LIU Xin-bo, LI Yu-chun. Numerical simula-
tion of underwater drilling blasting [ J ]. Engineering
Blasting,2010,16(4) :13-17. (in Chinese)
XU ZE. 52 AT R RIES TR A FR i [ ) ] TR,
2021,27(1) ;74-78.
LIU Guo-jun. Sandstone blasting of deep foundation pit
in complex environment[ J]. Engineering Blasting,2021 ,
27(1) :74-78. (in Chinese)
BFLL, B A B B/, A5 KT Bl LR B 1 & X
NI BUARRIL T ] % ,2014,31(4) :11-15,53.
YIN Xiu-hong,ZHONG Dong-wang, HUANG Xiao-wu, et
al. Numerical simulation of rock stress of underwater
drilling blasting[ J ]. Blasting,2014,31 (4 ) :11-15,53.
(in Chinese)
A B AR B BTIR O, 4. S A PR I e LA ok
WE[T]. TREERE,2017,23(4) 72-74.
SHANG Ling-guo, SHANG Xiang-ming, SHANG Zhao-
ping, et al. Shallow hole controlled blasting in complex
environment[ J |. Engineering Blasting,2017,23 (4) ;72-
74. (in Chinese)





