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Distribution of Impact Pressure on Hole Wall in Deep-Hole Blasting
with Multi-Stage Axial Air Deck

LOU Xiaoming"?, TANG Zhiheng'*, NIU Mingyuan®, LIN Rizong’, ZENG Lingfeng’
(1. Zijin School of Geology and Mining, Fuzhou University, Fuzhou 350108, Fujian, China; 2.Institute of Explosion
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Fujian, China)

Abstract; In order to determine the reasonable air-deck length in underground vertical deep-hole blasting, the internal
distribution function of impact pressure on hole wall with different air-deck length in multi-stage air deck blasting was
analyzed based on the detonation wave theory. According to the Mises criterion, the reasonable reference values of air-
deck length were obtained for different kinds of rock, which was verified by numerical simulation and on-site blasting
test. The results show that the impact pressure on the hole wall of the air deck drops abruptly from both sides to the
center along the axis of the hole, but increases slightly around the midpoint, and the pressure distribution presents a
symmetrical W-shaped curve, with much higher values on two sides, lower in the middle section, and slightly higher
around the center.

Key words: deep-hole blasting; axial decoupled charge; multistage air deck; impact pressure on hole wall; numerical

simulation

ML 2 PR A S 25 A2 1) 2 ARG
2 Bl = SR PR 25 45 2R A M, (e R R B
RRFLRRRIINT | 23 U] B BL i) FLBE vhily e Ty e s <
TE1 4 o AR A T A8, T 2 0 R 5 R DRl
i g il 1) 2 T i 24 s ) o B A LB ety [ 7
MAEHEATOTSE | DL S 25 R FR B I BE

I Ay b ot 2 T B e 24 HR i 5 2 19 AL BE T T
J7 WEAT T ORAEAETE, SCHR 3 ] 2R BB AL 33 07

O WFmHEE: 2023-08-23

TR AN ) 2 AT P2 25 R FHAS [ i kgt 5 Mg et A £L
W3 A R HEA T T R GEWT 5T, R LU IE AL LR
FLEESS AW (BT 1 AN I8 57 e 25 254 Fke 448 75 308
S ANTRI R EE R £ BE 0 4y ok R 7 B AR R AR, (HLF
AREIZ I3 A o A 5 0 RO e 3K 35 SCRR[ 4 ] %42 1]
Al ) AR B 2 25 FR RS A FLBE vl T T 23
117 BEHTIT i o B g USSR > M A T
FOM AR WETEAE R O =8 SR R A8 S S i

ELTH.: BHEARPIAEES (52109124) ; ULFE LT BEA B &0 R AL HB U R BT (01612118)
EE /I BRI (1972—) 5 WITTAR N, 808% 1, EZAF5E 7 M MR REAE SR R J7%, E-mail :331261323@ gq.com
BIEMESE . FEME1998—) , 5 WU EGAR A, B-EF s Az, EZ0F5 0 1) R0 30, E-mail :2829111949@ qq.com



55 1 )

PEWEIISE . TRALAh T 2 BE i a2 285 £LBE il Ji 0 0 A 7

WS AR B T A MBS G5 M T
23 [ e 2 AL SR 0 10 7 70 A PRSI 53 o 4
(AR BRI AT 1 00, 4R T Iz R 1y
PE— AT SCRR [ 6 ] i i B AR UL, 15 31 1 4
SE ZRAT T A ) ik ) AN 2R SCHRL 7 ] 0BT 10k
K it Pl 5 SR BE B AR ELVE T, S T AR A i
55 SR BE R S T 8 AR S R, AR SR
A RTFEEERL L, 0 TR L i 1) 22 B s 1] B e 2 fL BE
i K B8 0 A R AT BEAE W ST REUE AL, SR T &R
P 1k 7R AL BED) o il i 9 M L 3 1 1) 0 A

l&

A, DV e A BRI 25 SR B B, A g i T 4R
g5,

1 by 23 S (8] PR 28 24 FLBE 0] 4 v R
J151 87

=S B R IENER Y IBEEE

il n) 22 Bras AR B 285 25 45 08 v o 23 A Da) e A
R, WL N B R E R 1, 2R
FEVIMKE 254 B R 1, R B &5, M fL R 3
FRAEALNA 1 iR,

1.1

L2

L2

B #ESRESERELREEYEED

ETWETE, TIAZE LG L BT S I — B <
VF1) o B H M i 252 KR 24 Sl — S 2 45 4 0T, U4
FLNBRAL F1 5 LR Z S8 T 3 DX Selon] 40 o 13
EEay ST

LSS/ YRR 3w (VY B2 B o i Fe AP S L S A e
AR 245 6, 5 K I [r 0 L BE i Ain 14 ) 4 o s )
A

2pC

=— " p 1

! pC, +pD, ’ =
1

P, =1 +,yPoDJ2 (2)

K P, B AE ARG K 15 0 F1p, 5351
HEARYEL R € M Dy 435 Ry A b i 7
FIE 21 5 Py R K205 0 0 35 R 5 AR B 1 22 34 ) 27 R
B ARG T A SR I R K TT e 48 R ik
LB, BER L KPR EL y =3,
1.2 EFEREEZRRENSR

e 2S5 R BATC A AT KRR BORT St oy A 4y
HREZUE CI e, B — K Ry L M KE 2 A,
B 1 RR T T 25 A N AN SRR, DU
2y S A AL IR R

2

"7
Ko Py 2 -2 SR AL RS T

PR AR A T P AR 3G 0T e A 0, S Il AR
B T L BE AL B2 (fl o AR SV B ) R
YIREYE . TCERZG B IR A 55 I W ) B

Py poDJ2 (3)

(B OC R TR A

p= (4)

x| =

Krp P AT B RS D A TE I, R AT B R =
R/JQ, HP R WK SO IR, 0, N SLRR
SEZGRLAY TNT 245 o W25 I 06 1 1 7 Vi M Ll 1
%%ﬁ%ﬁgﬂ+§;ﬁ¢v%%ﬁmmwﬁﬁﬁﬁo

B S I B AT R S 2 R BB O
LHEZG 25 S REAL d=0 , W28/ ) W B AT 2 45 % 2 i
M2 RE 7 L (RS U V(R ) P, SRS d B R

I\
Plz(wjpll (5)

) BE, 12 55 A K 29 FE RO BE R O 1, - d, Bk T
(5) IR A s K 24 R 77 A 9 18 3 D WA T

Pzﬁ\j:
p=[— L \p (6)
U+l -d) "

R S5 [ K I (9 B AR T, A2 25 254 T )
HRSERY ry | S A 24 [R] P AR K | 7 8] AR S R /N A
[ J7 1) R S, B A 23 el B B s AR AL . B DAAT

l [¢3
P3:2(1_")(1+1/2JPH (7)

X Py Rz U FR B AL RS W (B T 5 o
PP 1) S5 ) A S 0 28 T I8 A T s ) 408 2 2R
TEBEA R A v RS 14 8 5 S B AR — Ik



8 o TR a4 8
), TR R T — B O R BN E] FLA 2 A L = %3/;(27—1;)00.2 (3)
JE AL N S BB T R Al 2 s 2 B C K

M
I
I
I
I
I
I
I
I
I
I
I
I
I

B2 SRBRERES R E AL 2

ETRESR] ¢, SRR ] ¢, 22 FOFR A R A

b o, AR K O A R BURGRR  r Jyxt He
PR ;v A A AIHRA L ; Q W2 HE,

PRI, T 5 R B 1 A 2 ) B B v Ak R il
PAS, i 52k 1 —Behy W B Tk 1], 530 76 i A
Bl A — B W i 2 o DX, 32 DX B

d, =2D,t, (9)
K d, s (& I XK B 5 D, s Soh g
WP T 3B Bl
TR SN X R R I ) P, W 3RRR
P,=(1-m)(P +P,) (10)
1.3 FLEEMWAHEEN S HAE

WRAL LA b e 0 URT A Y 2 ) g B IX L BE

Wb b B B AR R TR 2GS BT e A X

FHmFE] . MR R A At R e PERfSE R A B, IRE KIRIRRE T U % i, ) 4040 eR A M L2
X%, EMZmmzsERzN8Y . OEIER
2 2C 1./2 « 1./2 «
(1-7) -~ - + : P0D12 (x| <d/2
27pC, +p,Dy|\1./2 +1,/2 = | x| 1/2 +1./2 + |« |
2pC 1./2 “
p =12 P - oD} d2< x| <i/2 (11)
27pC, +p,D\1./2 +1,/2 - | x|
20C
1% paD}? x| =12
4 pC, +p,D,

S P, Hy 7 A B LB Iy o o T ) 5 R B
S B A

FRAE LA AMH7, (1) AT REA 2 S B
FLEE Y 06 0 5 FE 7 38 M0 FLAN £ 107 4k 38 ot 2
Ry

35

281

21

14

FLEEMh i ) / GPa

0.7

0.0
-0.8

-0I.4 010 014
PEZ A RIRR B RALE/ m
S A R R AL B v e R LIRS O ZE AL 28

0.8

&3

SIAT BRBSCRE Il ] T, 7 ik ) 22 B S Ta] b 2 2 4
A, 2= B B B A FLBERI 4 oty T T3 0 AR 3, T 7
T M FL A2 AR o ) v ) B3¢ o, H 7 2 RO B v s L R
DRV RS e 28 TR T Folc 8 K, 1 77 ol 2 52 P oK

[E) /0N | P A ] TS e A < W JE K B A R AT, AL
BER) 46y ity T ) S (A P R x=2d /2 KR
) 20C, [ 1./2
" 27pC, +pyD\I/2 +1,/2 - d/2
2 BUERBAITHA
i) R 1A
R TN LU R 23 ST B B 5 FLBER) 46 s )
MIOCFR B T O A R S AL ) BB RS Y | SRy T i
IR AL Z X Gl 4 B, AL
FLAZ 120 mm, R 2 B b fRe 25 454, i & 6 19 5%
KAKELHER 5 BRE K2 R Bg ., DR SLE .G
BSR4 m, S SE 4 m B R AR P A
LA B R 25 5 Ah TR A, AR [ RN N R A B
FH T, B SO SR SR A A 6T A R TH R S R T
TCRRAY BT, 152 85 TC S5 i1 B 458 5 T ) T A2 8 X PR 2 o
A, AT DA A, BXHT RS R Tes
Xof Tt ) 22 B (R B ke 25 45480, 43 T 1, 0.6 m
0.8 m.1.0 m 1.2 m 1.4 m 3£ 5 AR 23S A B 4 B 1)
LG LE RN RSB RL AR FL N BT LG AR B Y

TPOD_.Z (12)

2.1



PEWEIISE . TRALAh T 2 BE i a2 285 £LBE il Ji 0 0 A 9

4 HEEDTER

3 m AL S FE R RO 1.5 m, PRI A vy
3510 24 m 25 m 26 m 27 m 28 m, Jg T WLELSLEE
146 s 7, PR FLE 1) FL 1 WML 2R T i o BAL
BE 1A — 1 B TTAE S I 7 Wl A, SR T A A
(2, kg AL T FLRC A HE 24 32 1 JE 1T S 56 7 A= 1Y
Ui #8805 M, 36 BB S M L v ] 3 B s KRl B A i

FLRE B TTAE A A 2500 A5, A [ 457 7 g W ) s
RECEH

iz 1 LS-DYNA ${E 400 3 1 it 5 il ) 22 B 23 <
(1) B8 2 247 RERBE , 0 FL PN 4B 2 3 P A 48 ook A S AR D T AL
BEMRI 46 s 07 40 A SR AR . BRI A ik
FH 4 Fkrl, KE 24 b4 RS AR BOMRZS T 72 40 1) O Ak =
* MAT_HIGH_EXPLOSIVE_BURN , * EOS_JWL 5 %,
oAb BB R OC B F + MAT _ JOHNSON _
HOLMQUIST_CERAMIC & S, ¥EZ] FUA A M B S 507
ML 1~2, Horh S008I WA AL 25 SR
TR K R ZS T FE 43 il FH G B SE + MAT_NULL, * EOS_
GRUNEISEN & X, 5 ZE 04 B G 5 + MAT_SOIL _
AND_FOAM 7€ S, 25 SRS FEM B S 80% J Ok [ 12]
VRN, fEBUEIT R R D KRR R A B e
SRAFEAL S FAR AR HRBAS CRAEAE S F B iR 5
25 G HE 2R FHRRT A A SR RIS B B A
H R ER A TR T IR EBUE TSR 2
W& FEE R A A R AR b R R
FAIA R, BUERERCR A em-g-ps BN,

R MEAMHSH

I p/ (g em™) BHE D/ (m-s')  BE/(10"Pa)

A/ (10" Pa)

B/ (10" Pa) R, R, © Ey/ (10" Pa) v

0.90 3000 0.14 4.71

0.07 4.05 0.95 0.30 0.07 1

x2 HAMHSH

w Y YIR SEAETRE By S5 i Joj AR LTEAEEY SEAE TR
p/ (kg » m™3) G/MPa FEA RE B FHC R¥m RN
2.51%10° 6.70 x 10° 0.82 0.28 5.00x 1073 0.63 0.63
E ZANEIES FRPLR [l PN A Hugoniot #if:4H FR HEL TR E S RBEZ K 27
EPSI S T/MPa W SFMAX HEL/MPa PHEL/MPa AT B D,
1.00x 1076 9.12 0.25 4.40x 10° 3.70 x 10° 0.50 5.00x107?
1275 B—H N RZ5 E N PIEY EUENEVIEY EEN
D, K,/MPa K,/MPa K;/MPa FS
0.70 25.30% 10° -4.50x 10° 0.30x 10° 0

22 HEHEMERSSH

H1 T R PR, 3 LR R 2 SRR R JEE 1, = 1.4 m
FELGREARE 1, =3.0 m syl 1] 2 ] o 36 24 AR A Jmy 0
BRI, 5 R E S 2R R ) =

BB AU 2 2 R BRI 0.6~ 1.4 m ik
i) 2 1) 2 24 R g 2 ] oy B 5% 00 e e L T 7 o
Kl 6 o, SR, FE A 1) 25 B B 2 MR | =
T e B (LI 7 X R A, e 7 M L Al 4 DA 1
i) r ) BRI, (EL A 2 B D T PR 5 e & A
[l PN et h PN S CTRANNG SV il S
PR B W IR AR o A Rk, BUE AT S

2k 55 PR TR UL M 2R — 2,

HiPE 6 n] LAFE H |, 72 8] b B o e 4 o e
HMUIN 5 (oo = ,/2 ) WA 14 DAL 1 ) 30 32 15 A
ASAREL, J2 LR PR M 2GRS S A A7 P R0 4 el
T3 M55 32 AR A0 18 PO 3 3000 45 P 06 £ 1 g 3R
Wit | 2 H T H 2 SO AR T 5 S 8 RS 1) 2 R
Jt AR I A A T e, A s M) e B ] LA
AR AT BT AL 1 PO S s, RV A 0 301 S ) AR S
WAHIE P T — BRI E BN X3, 15 % &
DX 08 B MO e 00 75 B W T T ARG i s AT
MR, HLIE B K 2528 P, M 0 0™



10 7R

T & 5 44

(a) 100 ws; (b) 200 ws; (c) 350 ps; (d) 450 ps
5 AERZBRERBEN=E

35

281

21

14

R 1 / GPa

0.7

0.0 1 1 1
-0.8 -0.4 0.0 0.4 0.8

B R B AL/ m
6 AEAZESERETEURRKEEETBEHE

AT LRI LA Y e 25 s AR Rl i), 22 6 (R 4%
(A ) 2 AT B R 45 T A AR R 7 A DR
J 77 Bt 25 ST R 1 R RAIG , 25 URI PR 1.4 m
(RS A  IE(E R T ER AL 0.5 MPa, BVACKRE , &5
Vi) % B ) FLBEAT) s ek S i 2 T o 4 B 3 R T e
%, BR AR AT R B

3 el =S R B B A 2

XF T A B KPS Mises 7HE N | 24 FLBES) 45 wh oy

JE IR T4 shAS U 50 B B, 2318 B 1 o 1 Pl

A P RN UL PR AR (£ A ) PO 1 WA 95

WATE it R, A T 22 B P, R /b 1 RE B AE

W RE IR B A 1) H Y T LK X6 o] L5 1 i

AR R RS T RSB IME . A A ShSPURRE S
PRI 3R BE Z 0] 1 0 R AT AL RIA N

o, =¢o, (13)

Kb o e A sh PR E o, Ra A B Pt o

56 NAEAPURS BT R A A A SEPURMRE —

JBEA PR BT RS BE A 10~20 %,
I AT LAAS R TR P S A BRAG Sih 15) 25 /< 8] B
KIESZHINEE 3 iR,

*3 AEAMHEEASENMEZTSERKE
L E IS N

23 il g

HREF/MPa K& /m EXie
FNTALEYE 0.8~3 8<o0,<30 20~14 1.6~18
hAEREAEA 4~6 40<0o, <60 1.4~1.0 1.4~16
BIRWAA 6~8 60<o, <80 1.0~0.6 1.3~1.4
3 by 8~10 80<o, <100  0.6~04 12~1.3

4 Iy TR

Syt 20 W E B E 5 R T Y A5 4598 1Y A B
P, EICER SR WTT B S T 0 R AT R ALl 1) 2 Be s
RIS 2 R AR 7 s iU A R MR XA
EENRES BRI A RIBREE 1, =1.0 m KE254E
KIE 1,=3.0 m 19325 75 473 25 B, I % b
YL HERT R R IOCR . M AL A B 25 5 R

Kl 7 B,
(a) (b)
E__%__E 25 m__E}’LDi%%
3m
Im
48 m
3m
1m| || +— 2SR
3m A Yy
2sm| [ o

(a) HUALATE ; (b) RLGE5HY
B7 MWAHERKAEN

YRR S 5 AR 2 2 5 R AR
£ AR SRR WA ot s e B e 25 B e,
TAPEBAE , [R]I AL 2 R B R X s i)y 2R
Yt th B 22 Kk SR i 0 B I B BB
SR A 7 AR 5 R T B B ) 3 ) e 24 43
e, ML ] B B DX TR 0 i e, 25 <) B
BepfLEESE R IR R A AR | ELRRARG 1A
TR, Do /N Rl A ol i A S IR o

5 4 1w

T ORALA 17 22 Bras IR B e 25 26 0F , X AR s



55 1 )

PEWEIISE . TRALAh T 2 BE i a2 285 £LBE il Ji 0 0 A 11

HOPR NS 3 O Ple BN (5 1 | = | Bl F U
AT T eI sE I 03 XSRS 1 28 ] b B £L BE
Eantn e K (E, BSOS HT  BUE R A
FEBGAYS , RAFESE AT .

1) HESAFRN AL A1) 2 Beas B 24 25 10 T
BRI A B ALBERI A ol T RO R k5, 2zl i T
Fs 3 AL 1o ) R RS 2, HOR B W S A0 A

2) HEL AR | [ A 1 ) Al 1) 2 ) el e 24 45
BR8] B B 64 FLBE A0 i oo ol s g il 2= 1]
P JEE AT A Bt P e U] S

3) MGG A, BT A A ) 22 B s ]
PR, 18 IS SR B 2EA T B3 Tl il 45 2R3k
WY, 2R JH B AR 2 ) BRI BE R 723 24 R, W] LUTE A
R B AR R L [R] I AR T HR R IR 3l , Dol N 1 X R
AU BrakE STENER T3

SR

[1] WANG Gang, WANG Jingtao, LIU Kaixin. New numerical algorithms
in SUPER CE/SE and their applications in explosion mechanics[J].
Science China Physics, Mechanics and Astronomy, 2010, 53 (2):
237-243.

[2] TAN Sirui, WANG Cheng, SHU Chiwang, et al. Efficient implementa-

tion of high order inverse Lax-Wendroff boundary treatment for conser-

vation laws [ J ]. Journal of Computational Physics, 2011,231(6):
2510-2527.

(3] HEEE R, ZERBE. flin) ] e 25 SRR L D o AR [0 ].
MK uhidi, 2012,32(6) :653-657.

[4] LOU Xiaoming, ZHOU Ping, YU Jin, et al. Analysis on the impact
pressure on blast hole wall with radial air-decked charge based on
shock tube theory[ J]. Soil Dynamics and Earthquake Engineering,
2020,128(C) ;105905.

[5] Jhanwar J C. Theory and Practice of Air-Deck Blasting in Mines and
Surface Excavations: A Review[ J]. Geotechnical and Geological En-
gineering, 2011,29(5) :651-663.

[6] WU Liang, YU Dongxiao, DUAN Weidong, et al. Rock Failure
Mechanism of Air-Decked Smooth Blasting under Soft Interlayer[ J].
Advanced Materials Research, 2011,402.617-621.

(7] M5 B,X) i bl 45 SCRRIR AL RE e (TR 1],
K S by, 2019,39(6) ;103-112.

(8] ExCb. HhiMREEEE[ M]. JLa0 B Tl A, 1984,

(9] ZE4Edr. —4eAE W i 5o B [ M. dbat. =B Toll th ik,

2003.
[10] Henrych J. BEMESI 2 SR [ M ], REEEE 3% dbat. Bl
AL, 1987.

[11]  7EESE. BRI S5iE T M]. dbat a4 Tk i, 2012,
[12]  AEIEW], FIRE  WRods 4. 25 a) B 25 FLRERI G vhik 6 43
Br[J]. BER2H, 2017,42(11) ;2875-2884.

SIS, #ueml, A&, FRiE £ F3lshd $ BN s 2 ILa
EEASA[]]. H b TAE, 2024,44(1) :6-11.

(R3S 570

[4] Vanreusel A, Hilario A, Ribeiro P A, et al. Threatened by mining, poly-
metallic nodules are required to preserve abyssal epifauna[J]. Scientific
Reports, 2016(6) :26808.

[5] Miller K A, Thompson K F, Johnston, et al. An overview of seabed
mining including the current state of development, environmental im-
pacts, and knowledge gaps[ J]. Frontiers in Marine Science, 2018,
418(4) :1-24.

[6] Wenbin M, Dingena S, Cees V R, Numerical calculations of environ-
mental impacts for deep sea mining activities[ J]. Science of The Total
Environment, 2019,652:996-1012.

[7] Laura K, Inari H, Kirsi K. Causal Approach to Determining the Envi-
ronmental Risks of Seabed [ J]. Mining Environmental Science &
Technology, 2021,55(13) :8502-8513.

(8] HIFRIMICHE MR &, « KB NP 98 IEJF A 5 s e ——
VIR TS PE B B (E [ R, 3R 4 37 30 BRI e A
MR, 2022.

[9] Hitchin B, Smith S, Kroger K, et al. Thresholds in Deep-Seabed

Mining: A Primer for Their Development[ J]. Marine Policy, 2023,
149 .105505.

[10]  REkA, H 40, RERSC, 55, TRIBHUBURL O 17l B 1 g it
FE[J]. BR TR, 2016,36(3) :1-5.

[11]  Beite. GEERe MBCR BT[], SR, 2018(6) :10-
13.

[12] Nauru Ocean Resources Inc. Collector Test Study Environmental Im-
pact Statement, Testing of polymetallic nodule collector system com-
ponents in the NORI-D contract area, Clarion-Clipperton Zone, Pa-
cific Ocean[ R]. Jamaica: The International Seabed Authority, 2022.

[13] NOROG. Species and Habitats of Environmental Concern, Mapping,
Risk Assessment, Mitigation and Monitoring[ M/OL]. 2019.

[14] & 3k BOER PRGBS ILIREH m 4 B[ D], dbat. ik
G, 2023.

IR x) £ 8, LA Eiew. HydiEd S a5 L masni
SR IEAT R[], &b A2, 2024,44(1) :1-5.



