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Calculation Theory and Method of
Safety Layer Thickness of Deep
Underground Protection Engineering
Under Coupling Effect of Static and
Dynamic Loading
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Abstract: In view of the current situation of the foreign
military ground-penetrating weapons, the calculation
method of equivalent contained explosion equivalent is
given through the coupling factor of ground shock energy.
By introducing the dimensionless energy factor, a
criterion of damage zones based on the energy factor is
Based on the classical

proposed. elastic-plastic
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mechanics, the formulas for calculating the self-
supporting capacity of surrounding rock and the pressure
of surrounding rock are obtained. It is revealed that the
essence of the self-supporting capacity of surrounding
rock is the shear strength of surrounding rock, and the
expansion of the plastic zone is conducive to the
improvement of self-supporting capacity. Combined with
the energy factor and the surrounding rock pressure under
dynamic load, the calculation method for the minimum
thickness of the safety protective layer of deep buried
protection engineering under the coupling effect of ground
shock and in-situ stress is given. The results show that the
high in-situ stress increases the damage effect of the
ground shock, and the range of the damage area is larger

than that without considering the in-situ stress.
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Fig. 1 Curve of the energy coupling factor of the
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Tab.1 Equivalent contained explosion charge of
B61-12 in hard rock
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Tab.2 Parameters of granite and ground shock

s wE/ YN/ :
LK 4 ’
4’—|E7<+ (kg-m%) (m-s 1) A/lO n
P EER 2 2670 5000 1. 00 1.75
rhEAE A 2640 4 250 8.94 221

45 (4) 550(5), il LIS 2L ZH IR AL Ay 3
N RN

r o r
'U,:A( elf/f?) :n/QA(QV%) (6)

1.3 HhHEgRERFER/NLEIEBR
R ERKELE A BTN AT 8 — A~ Bk, ot 5
RO FR 1] SME 7, DA KE S 300 L S o 1 el o o
U8 T2 420 R W SR BRTAT (4R 517, A B4R 1) A5
B o, SRS u, B R 2
U, = U, N
s w A BRIRSIHIAR
BROOFRAFOL S A RS TS Dy
vzga—;aar(ﬁ?:)—(f) e ®

s o WLREFBREL, 6 AL w, = 0/ Or; ¢, A A
P

Xt FICRRAY N B BR R S 1A, 208 i B
R R R BRTATIR o

eiR,,w,/(P

¢=B8B R, <))
Kb BN E R AL
S DX IR B8 %6 o W] SR
w—ic: (100
B AORAK(T) TR
Gr_p e (D
Cp R,

PP J5 e A

2 =4¢’ a2
K e, =0, /c, WA AR N AE 56,=u,/R, HA
IR AS
K (12) RIS B AN AT 40 ¢ 22, R WITE 3 DXt
M ERH AR BEEATRERS . 456K
(12), 7P (1D g —E I E N

1.

fo 2

PRSI § 7 IS PR (13)
M 2\¢, 2" ’

S M BRI T FEIA BT
L W= Mu? Wb R 60 A T e, T T

2
FIA A — A RERE R T o, A
W 2
k_Mcf) = 2¢} (14

Ho i RE R T R b bl ShE WS A AR
ARERZ L, AN AR 5. (14 4 i
AR B DXt ip ol R A DR 3, o AR s X, X (1D)
R BN 2, o R A LR A, RBUNT 2 %)
THEHETIX 58 246 X, A0 o ] R — 2R AR
BN 2R BOE I 10, B[] 0 A8 55 42 ) AR A a] L2
W, 11 g R PR 44 T O AR AT A

A (14) 380 Sz e Hy MABRTAT 371 758 55 1 A RE B S5 R
T BT FELA Y BB L2 WP, RV S P A
K55 fi M ML 100 SRS S e B A A 25 AR
R (Bt bt i PR 2] X (14) R ™

TERRKEIT DX S s 10 B, e I ) 5 o R oik
JEAY S PR RBIT i ) BR324 DX Il L
A2 P T A 4 X R LA T AERBR KR I IX
o h it © 8 = A PR B LA BT AT RE S R B
PR Z IA) 3585 TET A RBEIR , SRS S PR AR B 8T AR N, R
AR 2B AR AR TR AT o S8 T A AT A 5]
— )G, A B Z ] AN AT R, M A
WIS B RIS Bl AT R A R S IR TR
PURGLR U, 5 v i SCR TH o

'U:U()CU
Y G (15)
L.

o LA PRZ M RGT
X FHUAIE B Re AT RO
= :l(ﬂy:lsg
M.c: 2 L. 2

st W:%szj@ijﬂzli%?ﬁ] 4R B it s M b
W e = U/L. Wi e AT I i

(16)



808 [l o K 2 2 MCH 9K BE 2% O

51 %

M (14) 520(16) AT LAFE ), o wp i g 8 1
S0 BN ARE 5o B TR X A A L ER A
BELW AS A, DRI T[RRI A AR A BTN 7, b T A0
MR B L RE R R M, 5 HE R R A 2
Tk o ARHREITA, WA TP OR [Rl i 3R X 3 1 i o PR
T UL 3% AT LAE Y, Bt O RS R RE R 2o
B I

*3 BERERBRMEIRBARERTF
Tab.3 Energy factors of different explosion zone

boundaries in hard rock

WIS X k
EIREK 107
SRR 1077
GBS 107

HE D AT 5 10

45i50(5) 50(14) , AT LIS F 0 A R
W X B4 R A

1

A Q /3

VEe,
4542 3 IR AR S A0 E B T4 AR (17) L
ATAS R XN AR 2

R,= a7

2 FREPBEXIFEESES BKEE

MR GTIETHZ G, A7 A AR T8 IF 0 34 i
FE 7o X TUREBYTIE , I A BT A b g #54E FH E
XA B ARK Rt L F SRR, SRR LA A
HR ] o X F RIS IRIESUIE , 907 46 v 3 o] 40k
KT, A e D7 (RS 4P BT 32 e 1) 8 e AE FH T ok
BB P BE 32 B 1 R 7, TR FH N A0 32 e 1 JEE B (] £
MR AT, DL 2, o IR B HURE T, g R
A B B S R TT, r WA TE FRIE AR r i L
IAPEIX AR
TBBE A AR IR Tresca i, R FF 3G 1k A
R YA IR B R K B VIR B 7, 25, AR SNk )
PRI 0 B kT AR AR o AR 2 LS M B
AIASFREAE R S 0 g0k
qo—ao(rmax+2nlr1:°) (18)

a

ME8) fT L M A SR BRI T3/ T
VAR ST , kD RS S v BB B 7R AH RIS
FIRBL T TR

B2 XPEHTHEEE

Fig. 2 Calculation diagram of support pressure
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Tab.4 Minimum protective layer thickness in terms
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of the radial crack zone
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Fig. 3 Minimum safety layer thickness versus

explosion equivalent
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