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Blasting Effect on the Neighbouring Cavern in Saturated Rock Mass

Kyung-Jin Lee

ABSTRACT

To secure long-term structural safety of underground openings for radioactive waste disposal, the

proper structural safety analyses are required. Especially, the structural analysis for underground

openings should consider the effects of groundwater pressure. The objective of this study is to develop

the structural dynamic analysis method for saturated rock masses by blasting. This study presents

a parameter study on the structural response of a circular tunnel subjected to finite cylindrical charge.

Two calculations (one for dry medium and the other for saturated medium) are performed to show

the potential damages of the existing tunnel associated with strength reduction in saturated rock

mass. The following result is obtained from the MPDAP-3D calculations :

Maximum motions (velocities

and displacements) at springline in saturated rock are 31~63% higher than those in dry rock.

1. M z

PRHYA ] nlFo] Hx 7l wek dal =
WHolli= 1akelbdoll ojsto] Walel=
AHEIZIE ] kol wid Skt Qlek olell whe}
W Ashaet TeAae 244 A=
71E AEAe] AL FHE ¢
%ol—l— M n:]
AAN e g
A+E FFll

& SHoll A Sl
w2 Asiohibs Fete] sl Sl W
AT EE Ak FEAEEAolvth Wb F
TR A4 8 2471 B A 94
Fa3A1717] Sfell A= AR =AlellA] oju] A
e 7zH PHA el Euslojol gl
EA9} ohtto] shupe) ERTEERA ALY £ At

Pzl

o} £
WO
(]

Lo
a2

o
1S

H

i

N

[s13

=
=]
~
29

Z) A Q)

e ololl
ok

x
-r75_

%L

o

53] 4714 ok

Wy
r

o
=
2 Hofe

1o

E
= gid
o]
A

| e A E7IE S A

1
T

*1994wd 11 209 H%
D 339, dFdagelys 2ot

A1

2

228

FE 542 ek o

Zo] EAp} qhlo| FZFo] ¥ FEZEol ol £3}
s, kA F43 gast, t2EE Ed
g Aellol] 23 215140 Uk Ar|ke] e
E AN (Earth Dam)olu} £2(Retaining Wall)o]l %-

EER
$)ul

R H“l*}% Alsbpsoll ofel ElHdol
A9t T2 AAX) AsHeets nelshA
sb 4= Qlrh

Z319 ‘2}“&0!4 EA7E 2R 2 RE
wfol] A rE|=
°.§.° V2
%4 w4
-Hol| njalsle] vl
Fala] =) 7HsAl o)

>
()

oﬁL

=
=

II

1t

2 o\o ohy
N oo e o)

rﬂ olo N

© ol asEE &2
A S e AR #
Aol A Asipell olsl E3hel chublel 3
AEH A7) At of Fgell 2As] A



Abz e MPDAP-3D(3-Dimensional Multi-Phase Dy-
namic Analysis Program)& 7Wiks}gict of 47192}
Adz o] ALg 98l olckAlolA MNAMFE 3%
%oi 5!'7“"61-93\3“4 o)oj) A% :{.H;z};ﬂxl,o_. A=
olelgdeh H oAl Mgl AAFIE 9] AHJIAS
HE7) H3te] o| @7t EMs= Al et A
FAYE Tl 1 AFAE *ﬂ*l*l’?i—‘i“‘, ezl
AsiehitAlel]l F5-& A B T A 9
Z35o]| uhg 753l FHOH et

2. HIMEY ojtAHH S REtes 43

B Hol|Ae T3E chZAloha(Saturated Porous
Media)e] AEs)4& flsh 3 A4tz = MPDAP-
3D 718 FAGAAE chFaLa} gt

2.1 Field Equation

211 FESHYA

F3%) ) ohbxlol] thall Terzagh17}' A+
FaESHUHE ek FE&HL R
Z49te) Goz gew ol »}a}vg % °‘v¥

ci=c"j+8; n 1

A7NM, 0} o' 77 3T fHSH0|,
8, Kronecker Deltae|™, ni=
212 3AIYAS] PR
ohEA milAe] WHEE aAij)x s
ST FIedst Blo] Ark SH-WYE BA
< vk

E

2

ofo

b

Ar

Ho

> bt

fdo't=[D=] ({de}-
714, DPe $H-HYE JAS bl gk
3

T (=}
4ol %, e WH oW, K= TAYA P34
A4-g ofuldck

§l‘ “
FH fEZ 5 Ak oh3Aeide] AMuEEs W
$h= v 2

dgy=—"—" ——~ 3

o] 714, n-& F=8{(Porosity), p.=
5 e th3AviAlY AHHEE WsE 2hzt oln
L=

2.14 Bulk Mixtureoll gt 5434

o] AjzhollA E3hH o) w4 Aol A-§
3= AH-&9 Gradient o+ vt 7l

oy, =(p—np) utn p U “4)

ol7] 4, pi= x£3H o] Hx, pv FFTY
5 (1,9 U 7H7t Skeletond} 349 7H4&%
9Ju]gtc},

oy 7] 4, uv= A9 2 AA(Dynamic Viscosity),
a, Bt AU SEEAAS, we FF5

Skeletonol] 3t A4 % u]ghe},

mlm
12

ARz Yehid

{Au{=[N] {Au/. 6)
{Aei=[B] | Au;.

1 Aw {=[N] { Aw

Aw,;={1{" [B] {Aw{.

AZE n wbAlol A o] SEHMEIE theat o] Uehy
% gl

to,t=1o, [+ Ac’ |+11} An @

ool A AR FAES ol el &
leton®] WS E# I A
3} 7ol vpebd 4 ek

fAc i=((D*][B]+m, {1 u
+m, {1} {1{" [B] |Aw}

K" T :

o714, m=[1-- = | m



230

Koo Ae) AR AR, K2 Mixture AFE
3 K K.

- [Ko+nK,—K,)]
A =)Aot KPe ool ehaAdA=A
Folv, FFFAde FEE thadt ol Yehd
ek

4 K, 2 e, K& 29

An= Iﬁz Aui,i + ﬁl AWi,i (9)

2.3 WM HEWEHA
A7k n ghAlell A 2] WA R AL o5t ek

[ﬁ:x‘]{3}+[33]{3} (10)
+EE u,
S R
= {e 15

01714, Mu=3[ [NI'p[NJdv
M= INT" o [N] av
M=X[ NI~ [NJav
H=Y[ K INJ'[NJav
K=Y [(BI'[D*}(Bldv
EE=Y[ m [B]" 1] 1]' [B]av
c=Y m, (BT {1} 1" [B] av
E=Y[ m[BI" 1} 1" [B]av
Fnszv [NT" {T} ds
GH:ZL INT #, ds
R.=Y[ [BI o) v
R, 1:ZJ’V [B]" {1}, 1 dv

A (10)% ZrrstAl debd ohgat o] £9%
(=)

(M1 {d,} + [D]i{d.f+[KI{A d.} 1
:{Pn% - {Rn 11L

e

2.4 MY3E HH HEUHA

ol A AAZE A HEGAHAS HAlg F£xH
Lol o8l HAEsly] f1sted Newmark-§ #hiot
Wilson-6 #4Y& =ishd enbslel 7 ewlp =
o237 ol EHE 4 Uk

{df=Ci{A dt+Co id, [+ Cald, ot (12)
o714, Cy=—
’ 1 Be:l Atz
Co= — 1
T pet At
1
C=1——+
280

R U SEUEE 3 ek

]ldlx}:Bl {A gn}+B3 {dn 1%+B3 {dn 1} (13)
Y
A7 4, Bi=—
1A B A
BgZIA Y
po*
B;:l‘-'LAt
280
slo) Ao zrE FhHow Fenl et
e ANt AN FYWHAE e & o,
7k A7k ZHAvke ol& AAHE 4 gln.
[K1{A dif={P.} (14)

oj7| 4, dutsty BAAERHE o} gk
[K]=C, [M1+B, [D]+[K] (15)
w3 AukstE wels ohSa 72

{f)n}:{Pn}_{Rn 1% (16)
—[MI(C: iy [+ Cyldy oD
- [D] (BZ {dj 1% + BB {(11\ 1})



Y
I Unit Thickness{Plane Strain)
Oy
| ‘ 1!2=7!o‘ p Free Impermeable Surface
7
u
X Unit Height
m3=To 4 — e X

4Rigid Impermeable Base

/ Unit Width
zZ

Fig. 1. A cubic element subjected to undrained
uniaxial strain loading.

Table 1. Material Properties.

Value
K, 0.3333X10° psi
G, 0.5X10° psi
n 0.3
K, 50X 10° psi
K. 0.29X10° psi
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Fig. 2. Computed undrained stress response com-
pared with exact solution.
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Fig. 3. Pore water pressure profiles at 0.05 and 0.5

seconds.
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Fig. 4. Effective vertical stress profiles at 0.05 and
0.5 seconds.
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analysis.
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Table 2. Material Properties.

Value
» Density 2755.1(kg/m?)
« Initial Wave Velocity 7078(m/s)
+ Initial Poisson’s Ratio 02

1002.8(kg/m®)
533X 10 "(m/sec)

+ Density of Pore Water
» Permeability
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Fig. 7. Radial stress time history at r=0.56 m in

dry rock.
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Fig. 8. Radial stress time history at r=0.56 m in
saturated rock.
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Table 3. Comparison of peak horizontal velocities at
selected locations.

Peak Velocity Increase (%)

(cm/sec) ( B—A
Dry Saturated y ?00)
Rock(A) Rock(B)
b 770 96.0 25.0
[ 58.0 70.0 21.0
d -16.0 —23.0 63.0
e 26 5.2 100.0

Table 4. Comparison of peak displacements at sele-
cted locations.

Peak Displacement  Increase(%)
(mm) B—-A
Direction Dry Saturated A
Rock Rock X 100)
(A) B)
b Horizontal 0.220 0.270 230
¢ Horizontal 0.190 0.230 21.0
Horizontal 0.058 0.076 31.0
Vertical 0.028 0.039 39.0
e  Horizontal 0.016 0.020 250
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Fig. 9. Horizontal velocity time histories at locations
b, ¢, d, and e in dry rock.
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Fig. 17. Horizontal displacement time histories
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