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Effect of Rock Discontinuities on Dynamic Shear Stress Wave

N
2oy
Moorak Son

Received: September 7", 2018; Revised: October 8", 2018; Accepted: November 14", 2018

ABSTRACT : This paper investigates the effect of rock discontinuities on a shear stress wave that is induced by earthquake or blasting
and provides the result of numerical parametric studies. The numerical tests of different conditions of rock and discontinuity have
been carried out after confirming that the numerical approach is valid throughout a verification analysis from which the test results
were compared with a theoretical solution. In-situ stress condition was considered as a rock condition and internal friction angle and
cohesive value, which are the shear strength parameters, were considered as discontinuities condition. The joint inclination angle was
also taken into account as a parameter. With the various conditions of different parameters, the test results showed that a shear stress
wave propagating through a mass is highly influenced by the shear strength of discontinuities and the condition of joint inclination
angle as well as in-situ stress. The study results indicate that when earthquake or blasting-induced dynamic loading propagates through
a jointed rock mass or a stratified soil ground the effect of in-situ stress and discontinuities including a stratum boundary should
be taken into account when evaluating the dynamic effect on nearby facilities and structures.
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Table 1, Properties and conditions in the numerical simulations

Material properties Joint conditions
Case E N s} In-situ stress c Ot Ka K Joint inclination
(MPa) (kg/m3) (MPa) (MPa) (MPa) | (MPa/m) | (MPa/m) angle (°)
Numerical verification | 2.4x10* | 0.2 2,650 0 0.5, 0.1, 0.01 | 1.0e12 | 1.0x10* | 1.0x10* 0
Parametric study 24x10" | 0.2 2,650 0,1 0 30, 40 0.1 0 1.0x10* | 1.0x10* 0-90

E: Elastic modulus, v: Poisson’s ratio, p: Density, ¢: Joint friction angle, c: joint cohesive strength, o¢: joint tensile strength, k,: Joint normal stiffness,

ks: Joint shear stiffness
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Fig. 1. Model of wave propagation in a mass containing a planar
joint
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Fig. 2. Comparison of Miller's analytical solutions and numerical tests

4 4
Measured
3 1| at bottom
" Measure
O 2 at top
st
x
—~
@
a 1
v
7]
Lo
=]
7
T -1
© -1
=
(%]
24
3]
-4 T T T T T T
0 1 2 3
Time (sec)

(a) In—situ stress = 0

Shear stress (Pa)x10°

Time (sec)

(b) In—situ stress = 1.0 MPa

Fig. 3. Effect of in—situ stress (¢ = 0, ¢ = 0.1 MPa, 0, = 0)

28 >> Effect of Rock Discontinuities on Dynamic Shear Stress Wave



9 A ATH Fig. 49} Lol Wl thE QAR Uebick
AU vzl 7145 2uel el
27 bk A

R A K o= vepgieh uh
Aol 98 A% AT WAL, FEAS L HARE
ok ol Zro] z+z}+ 0.87, 0.47, 0.1452 Ul oL

TS 77F 048, 0.68, 0.552
I AGASE 2A Sk A
o7 Ueytt o¢} gEe] FAsE ot Sk ﬁ
O 7 Uepsth nPZES 4002 o ST BRI
0348 ¢ Zo]51 HIA4= 0.692 ¢ F7tetd, S
Al 0.642 2 W3lE UERYR] U9ith o] E3)] 99
220l = AjollA nhakzte] F7he el FAHA
AGHF=E S7HA Autss dogEe] ot njny
| =

Fo151L § & Ad-3ES 2Ho] AerbA] HAEA|
7 o

i
o
T
iz
>
2,
?
rr
i)
<
i

3.2 Ea|ZAHe

%l ”ﬁl

o} 1L

a@woﬂﬂ obmiel ofa glo] mulo] AkEE mE e

XEl

Aol M g2

\_}-Xl:i

L |
g w3t
21 A9

oroll Qe uiel 2
Uelstort 31 05MPazz 2
0.1, 0.38, 0.92= eI} ‘i'l'/\}ﬁ]—/;\—% A
S 2 F7beke
S ghashs Ao etk YAl dabEi g
E=Lell 3_7]2} e 1.0MPaZ ¢ Z7IX]7|H HAHAI S =

Hxrad %I%F

o== o

)
23e

7 A= Fig 59 2tk
oA Ao Z
O

0.IMPa? AR WAl Al 9
o]

Ao ettt olsl Te] §4

FE 1002 Ueht sl Angeo

hS] I 5]
L L L

[=]

Shear stress (Pa)x10°

i
"

Measure
3 4[| at botto 6
el Measure o ]
8 2 1 at top © 47
% <
© -
1] / o,
= [al 21
w ]
v v
0+ i
07 Dot
7 5
=11 N
o ©-27
= ]
2] 5 1
_4
-3 1
4] 5]
0 1 2 3
Time (sec)
(a) $ =0°

Measured
at bottom

Measured
at top

[=2]
L
[+]

~
L
-2}

[}
L
M

Time (sec)

(b) ¢ = 30°

Fig. 4. Effect of friction angle at joint (In—situ stress = 1.0 MPa

A8l

Shear stress (Pax10°
=

Shear stress (PaXx10°

'
o o

Time (sec)

(c) ¢ = 40°

, ¢ =0.1MPa, 6 =0)

0.2

Shear stress

Time (sec)
(a) ¢ = 0.1 MPa

2
Time (sec)

3

(b) ¢ = 0.5 MPa

0 1 2. . 3
Time (sec)

(¢) ¢ = 1.0 MPa

Fig. 5. Effect of friction angle at joint (In—situ stress = 1.0 MPa, ¢ = 30°, G; = 0)

Journal of the Korean Geo-Environmental Society \ol, 19, Issue 12, December 2018 >> 29

2elg o) sk o
8 slorsy) S8 i st

7145 o] Ae(Top)
37 7kl Ao vept

Z¥7} 0.48, 0.68, 0.55=2

=7}sbd 1 =L 7k
Al EotEal e

T



ATk 22 & 5 A9k ol9h HRol FAG EF 004 He| g Ao ol UM FAAIA) got Al Alet
2 veht el gAReIA oluXE AL E4EA gk A 2o Wt B of ] sfeiBotiom) 3 4K Top)
oA SR AHERERe Akl whet A g o

>

o ekt 0% Ba nhazl} npiiA 2 deldAw 4
oA Waee] FAhe ARAES Z/NA AvEE A% & Ae® Uehgou) Ao Ansee] Wik 4
ool ofgt mmely WALl ZOlEW © 2 AWSAS AP 9 A9oli Ak whe wAs AEs e uhy
SRO) ATHTop)7hA] HFAITHE 24 & 4= Qlolch ok & 725 ok 2o Uehyith. Buk opel, Wel7
H7po) epabis thes 291X gol gljeke Hxe el we] AL Al Aekgelo] wak vastel o A
Z7be AR ATE WA AS & 4 Ak 4% g 7707k | QolAe Aoz tehgrh He)

=13

=
A A 2L B AR WA, SeAle
] 0
=

[} ful
XMal|74 O] Z4AAZF &S
3.3 H2lBAH ZMz S AGAGE 27 048, 0.68, 0552 LehoLt dels
el AAN AN G ul aksks ouxe) 1 Awe] AAE 30°R ek T @SS 42 071, 001,
9 Ut 9 B4 stelel] 9l S S st 0712 et MRS 2 AEASE STk B4AS
gom 1 AT Fig 63 2} £ 27 asks oe yedth deAEe] HAE
Measured
at bottom
Measured 04
6l at top '
0:21 2
24 g Y
= 2 0 20 -
) il X
o & &)
g w i e
£ 6041 &1
527 % TR
o 06 = 6]
£ [15] 1]
viq 3 Q o o |
bl £ -y
] V0.8 v gl
-6 - ]
SR SEESE S U {0 [ S S V' - — Y
0 1 2 3 0. 1 2 3 0 1
Time (sec) Time (sec) Time (sec)
(@)i=0° (b) i = 30° (c) i = 60°

Fig. 6. Effect of joint inclination angle (In—situ stress = 1.0 MPa, ¢ = 30°, ¢ = 0.1 MPa, G = 0)

03
+
0.8 7S
07 o P ] u u u v *
v « ¢
0.6 n . ®
L ]
E u
g 05 e
& ®m Transmission «
&=
g 04 R .
S * Reflection .
03 ® Absorption il
L ]
0.2 "
0.1 e
L ]
0 el L 2 L ]
0 10 20 20 40 50 60 70 20 90 100

Joint inclination angle (°)

Fig. 7. Change of transmission, reflection, and absorption coefficients with joint inclination

30 >> Effect of Rock Discontinuities on Dynamic Shear Stress Wave



60°2 T Z7HAI7IE2HE WEAAIG0.70), F4AR0.05) B
AGAG0.71) 2 AAE] A7} 30090 H9-0} vl
slo] mulo] Aeto] Wlsls Agkelo] Hio] okzte] 3

= Hol HAA Auteli= Hh-g-2
ot njme 3] @Afo] sHoR dold = gl 24 7]
Q 2 kg e gA e FAafel w2 Hd, vt
| Z=7|4=0] ¥I3}E Fig. 70 YeRch B npel 7+

=~
HelgArzto] Z74E AR 22447 207
=
o

AL AL Belgarztl 90°0) A AEE h F
bk AP Uehich EA5E Begael zto] &
FKaell wrel g, F71 daofEe vegolt gl
#lo] 53¢l 299k ulwste] WE o A e A A
o= etk o|F Fof Few Bt A oux] ok
Avkgefabo] Wakat Hast delwol A 7h wol doiuk
t o= et

oo} 2 ATE BaA MAE Fo) AutEls AGS
o] v

2fo] vt e e
A RS g e o2 e tehd 4 gl
A2 & 4 otk gepd, del ER el 93 Fol
olavo] YAE PuHFoIL N R NFOR o]
ofdl EAXES Avsit E0a o, 94 At A%
AAe] Wkl vlmstel Aol Aol AvHel
e WeA] Tefstel dutel] that BAS sasof &
Acg skt

4. 2 E

& A7 T ve 22 2Ee Aok

(D) Axe= 3 de|gAde nbdxde 2o o
ke Auxe] A, WA 9 S5 whef
i SiAS ARt Ay, Al A e vpEto)
gl AHlelAs deA
2 et sk A28 A
oA FF2 vl 2
2re] grol 2% AAs=

AsHe Ao Uehgrh o2 B UsixSEe| 9l

Sl A mPEzRe] S7ke e FAHA At
£ S7MIA AuteEs dd-s9ol ot vjmed 34

@)

©)

“4)

Q)

o] FIEW ¥ 2 AUUS AAUHE AL @
& lgiek

Ael A AR 2o e AT, HEel
F7F4% U91A St vhaztel] BAglel HEAS
L Z7BE s ashe 2o R ekt 4
e Autee A a7l 2 GO 27}
AP MRS glolAl AEARE 1008 et
o Al Hekgelo] el AN obnY %
glo] HPETH: 2 & & 9ISik. ol Ba) izt
3} bR de ARl WA Fhe g
WS Z7HIA AskEe Auge] ozt e
Wio] ZolE1 o AT ALARIH: 2
oF 5= ATk, vbEZe] G A USIHSee]
gelehe AR Z7He GARE AUE YA
oA ER ¢ 4 gl

HelgAwo] Hekgele) Wt B v wAYshs
Hekgele Azl wet o W o gkl gy 72
g olft OE vehgort HelgAuo] Ause
of Wt A 9IS Bl Azl ueh wAR
ATgH L Wiy TES olFk S0 et
mop ohfel, el AR AP} AntEe Ae-se
o Wt wwste] o AWSF Y 77171 ¢
dolx Aoz vehge) B3k AW Fah Al A%
ofuA9) A, WA R Ft W AA R Ao
wet 2 R W A0R vehton] Faoluxs
Aekgeute] Wt B deHelA 71y gol &

S
£

o “10('
N
™ o
i
rlr
mﬂ:
)
do n
ek
offt
iy
ol
o
o
g
re
b
u*)
L
oflt
oX,

A s ARgee oe e g e 4
Qleh 2L o 5 glgick webd, del B e, o
% 5o) Baldulo] FAH A Folt A The A
Zo® o|Roldl EAXZS Hukupt Bukd ), A4
5 Ae} AZ7Awe] W vastel AgEs A
chute] AehEel WaEe WhEA] Tejste] et of
o _

-5—01:

&

A
o o bl
H s ASAAEEY 5400 Qs e EAY =
FFE v ) o] & st FHAE =Y F2E

Journal of the Korean Geo-Environmental Society Vol 19, Issue 12, December 2018 31



32

References

. Boadu, F. K. and Long, T. L. (1996), Effects of fractures on

seismic wave velocity and attenuation, Int. J. Geophysics, Vol.
127, pp. 86~110.

. Cai J. G. and Zhao, J. (2000), Effects of multiple parallel

fractures on apparent wave attenuation in rock masses, Int. J.
of Rock Mech. Min. Sci., Vol. 37(4), pp. 661~682.

. Deng, X. F., Zhu, J. B., Chen, S. G. and Zhao, J. (2012), Some

fundamental issues and verification of 3DEC in modeling wave
propagation in jointed rock masses, Rock Mech. Rock Eng.,
Vol. 45(5), pp. 943~951.

. Huang, X., Qi, S., Xia, K., Zheng, H. and Zheng, B. (2016),

Propagation of high amplitude stress waves through a filled
artificial joint: An experimental study, J. Appl. Geophys. Vol.
130, pp. 1~7.

. Johnson W. (1972), Impact Strength of Materials, Published by

Edward Arnold, London, 361p.

. Kolsky, H. (1953), Stress Waves in Solids, Clarendon Press,

Oxford, 212 p.

. Li, J. C. and Ma, G. W. (2009), Experimental study of stress

wave propagation across a filled rock joint, Int. J. of Rock

Effect of Rock Discontinuities on Dynamic Shear Stress Wave

10.

11.

12.

13.

14.

Mech. Min. Sci., Vol. 46, pp. 471~478.

. Li, Y., Zhu, Z., Li, B., Deng, J. and Xie, H. (2011), Study on

the transmission and reflection of stress waves across joints,
Int. J. of Rock Mech. Min. Sci., Vol. 48, pp. 364~371.

. Miller, R. K. (1978), The effects of boundary friction on the

propagation of elastic waves, Bull. Seis. Soc. America, Vol.
68(4), pp. 987~998.

Myer, L. R., Pyrak-Nolte, L. J. and Cook., N. G. W. (1990),
Effects of single fractures on seismic wave propagation, Proc.
of the International Symposium on Rock Joints, A. A. Balkemapp,
Rotterdam, pp. 413~422.

Perino, A. (2011), Wave propagation through discontinuous
media in rock engineering, Ph.D. thesis, Polytechnic University
of Turin, Italy.

Schoenberg, M. (1980), Elastic wave behavior across linear
slip interfaces, J. Acoust. Soc., Vol. 68(5), pp. 1516~1521.

Sebastian, R. and Sitharam, T. (2014), Transmission of elastic
waves through a frictional boundary, Int. J. Rock Mech. Min.
Sci. Vol. 66, pp. 84~90.

Wu, W., Li, J. and Zhao, J. (2013), Seismic response of adjacent
filled parallel rock fractures with dissimilar properties, J. Appl.
Geophys, Vol. 96, pp. 33~37.





