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The Effect of Cement Milk Grouting on the Deformation Behavior of Artificial

Rock Joints

Tae-Hyok Kim, Chung-In Lee

ABSTRACT Grouting has been practiced as a reliable technique to improve the mechanical properties of rock mass. But,
the study of ground improvement by grouting is rare especially in jointed rock mass. In this study, joint compression test
and direct shear test were performed on pure rock joint and cement milk grouted rock joint to examine the grouting effect
on the property of rock joint. In the pure rock joint compression test, joint closure varied non-linearly with normal stress.
But after cement milk grouting, the normal deformation characteristics of the joint was linear at the low normal stress level.
As normal stress increased, deformation of the sample rapidly increased due to the stress concentration at the joint asperities.
Peak shear strength of the grouted joint in low normal stress was higher than that of non-grouted joint due to the cohesion,
decreased exponetially as the grout thickness increased. Thus after cement milk grouting, the failure envelope modified to
a curve that has cohesion due to grout material hydration with decreased friction angle. Shear stiffness and peak dilation
angle of the grouted joint decreased as the grout thickness increased. The peak shear strength from the direct shear test on
grouted rock joint was represented by an empirical equation as a fuction of grout thickness and roughness mean amplitude.

Key words : cement milk grouting, joint, jointed rock mass, joint normal compression test, direct shear test

£ B2 QTolAE AUl O g FALSTA WS AIE T sl LAY AT
| stod ARIER TS £ F, WeIGEA YA APHLAY LS WAk ANER GRS FYY 2EY DALY
Aele) 4HAEARET, 2UH uARHIND AR RN LY SYAYTAL AYY o= ulAglen] 2 MPIIAY F
Qg e 29Ae] /I04EE oakgich AREaEe FUF AAT Dot Eel hE A YRR, shal T2y
£ 1 MPahelel At FUAECE UL W7 AR E ASE tehton] FUTAA AYFE vz o ot
AL Aoz vepih ARARIEE FUTANS) 4RI BAY 5 Gglorh, AP AARRL FAFAN F
HUFE A AL LA olEis FUTAC e WS Fe] AAVES FYol A% Pel FaA 2
71e] RauTERE B4R A2 P AHARAYOIA oAl HNARFEE FYFAN AR/ 9 FAZ0E T
¥ AYA o2 verige

A0 . AmEREN £, HE, EAEME, FHGFAY, ARARAEY,

2

N

1M E

AsrzEol A XYY A AT o
Hhl EAske 74, e, &9, 95 e EdE
o] 71siebe sejet gk ol =A A9t 28
B2 ol BALUL ir2ES] g4 2 9%
£ i e, QA4S TR RS BAe
fI3ted oje) FHEol AL et o2 HATHT
FQUFHL sl & o] et ke gL

180

2 T 2 38R Sk vk U Y
oA Agsle] vz Qi FollA Wisigler, Fufjel
E giRokl e 2l RE] £)slof ARSSo] kot
EE okl 1980t el A FA 9 EAIA] 7
2L FHo2 5 2 B e HZHTY,

D AYY, AEAU]Y A 47

2) A3, AL m X FEF A LW FEE 2y
VALY 19999 129 169

A:AASEEY 20009 3Y 28Y



Tefoll= ) gA| G4t o] AEEEAE HAAE
o] i 9]t}

Auhfjoll A YAl EARR ol ek 2] AelHE
ule} ej4o 2 FQUEn] 1 Ao bl BAEHY &
A8 Wk FIA Hrt 2B B2 )3 onle] WEEA
< FUA7 FY=E Helo w3k, del e 54, 2e3
x|Qhike] S Ateloll wal debA e, Foll 2%
HAans Aes] ksl fsidde i Ege]
EAw} FAH9] EAJol ghte] WEA Bl vl FY
& T stodof gt 2 HA7EA ARl A EE s
AE FYTHE AT Aol £2 2E32 glon,
2 Exjoll E HFE Hol4le] gAsiEegdAgont,
FFAEE F5te] Hopsia gle.

Fell g kel A3y HAp A A A+e
EAA| o] uisle] wln|gk He o, o] Iy A}
v FE o BdEHE FYME FHAA FUF o
S EAIW Bl B3] Anbee] F718 AR A7k F
Y F a4 sietd AellF4 e g4t a2 S &
A&k 9leb* . Nataus*& Ee]-2all¥h(polyurethane)}
A GsilicateyE FUE LA™ A Boll4 FY A
Fo] AE, A, vldzhgel wits Wi,
Szwedzicki"& $-@l & (urethane)y& U A AT el
g A EE Tl BAEAE dFadct =%
Srivastava® & A|HIEH NS FHg A HA Rl o
slo] AEHAEE AAEk deH AAe 2t 7Y F
Aol gt W37 55 Bt THolA = AR A
o|l5¥ "} v me] LWEF AnkE, Ak}l el
w3g fsle] 257 Ad ulel AxkEAEol
ZHashe 28HE HehlE Aoz Buslgr) ol#igk o
TANEE FeEE FYF AT EARRER §
ApslA| Al nldzbe] FrladEchs HAe e FtE
7t @A A Jehhe Aeg Bagn g ey

o

gl

Y H ajEg 181

HAtA ] AFAT RN FUN7E FYFE bk 2

SAdste) Alol g A FTWHLE A9 o] Fo]
AA g e AA el

weha £ el el FYo 4% da) ik
HAEINE TEs] Sl ARIESH npo|ARAMIE He
HE FYUT AT FLGA T ol NI FHYEARE
AAFe] FYAF A9 s HYEA e thjo] 2
At =Y FAGFA Y v Ee] A 35
3, AR, A=, 718ekE7t §o 2AE 29 9
o FE B FLE AANNE T AT R E T
g AL AAlsle, o] 2HE] Al BRI
¥ Aol o) Ay 5o sty 2AER

2. M8 % AlE=AH

21 A9 By

AR 2 A ZAI ol AEE A B A
B FYA, UFUSHE, ol A A 9] ¥4
o] 7hE# AR o1& 2sie] MYt o] o
FollAe AANE AR e FAT U] 3353
733tz AL ZFEst ulawd 2 HAN] ofihE] 4
& GHAIEZ o] £33t

ik o] B3, JHEAE FotE] Hed
AYAA 72 A8 A3 en, 1 Ay Table
1ol AAE o et ZF A gh2 sHe] A4 ol
Bz vEpd Ao g 3iehe] AL A4S}
148 MPa, the] 4 o] 70.6 MPaZ e} 3}79te] 92
dEF=7 dEl 49 oF 214 2 el

2 dFoN e BE BHoE v GuFY-3Hdl
74 gkol AME-ST 9= HEY Aol 17.1 ums! Yut
EENCAWE FLABE KSL5201-1F)9} FFYF o
4.2 um8! vlo] A A E (4L AW E Micem 8000)S

Table 1. Physical and mechanical properties of sample material

Property Sample Type Granite Marble Cement Microcement Epoxy Resin
Specific Gravity 272 2.76 1.87 1.47 1.63

P wave Velocity(m/sec) 3,650 3,080 3,150 2,590 2,560

S wave Velocity(m/sec) 1,970 1,710 1,350 1,140 1,180
Uniaxial Compression Strength(MPa) 148 71 25 10 100
Tensile Strength(MPa) 13.7 15.6 29 1.1 202
Young's Modulus(GPa) 54 48 10 57 5.5
Poisson's Ratio 0.29 0.31 0.30 0.29 0.36
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Fig. 1. Schematic diagram of the apparatus for genera-
ting fractured joint.
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(a) Hwangdeung granite

(b) Yeosan marble.

Fig. 2. Specimen for joint compression test and direct
shear test.

Fig. 3. Model joint specimens made by epoxy resin.
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Fig. 4. A general view of coordinate measuring machine.

Fig. 5. Measured roughness characteristics for Yeosan
marble specimen.
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Fig. 6. Schematic diagram of direct shear test apparatus.
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Fig. 7. Normal stress-normal deformation curve for a flat
grouted joint specimen in Hwangdeung granite.
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rough grouted joint specimen in Hwangdeung
granite (mated).
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Fig. 8. Normal stress-normal deformation curve for a
rough grouted joint specimen in Hwangdeung
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Fig. 11. Normal stress-normal deformation curve for a
rough grouted joint specimen in Hwangdeung
granite.
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Fig. 12. Effect of grout thickness on the peak shear
strength of model joint.
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Fig. 14. Effect of grout thickness on the shear stiffness of
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Fig. 19. Sheared plane of the rock joint specimens.
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Fig. 20. Relationship between peak shear strength and
normal stress of cement grouted granite joint.
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normal stress of microcement grouted marble
joint.

ol F55 A JElyrl. ol Axf2RE] ubd
gl o) Zh5e] 2 A3l 733 Y 2717 A4S
7ol FYoll AT BAEIE 24 Yephe Ao
#tg 5 Qi

Fig. 212 AlRIEH R 23 oie] 4 A 59 Axhi
YAFE 8 Lol gAY Y2 EE 706
MPaZAl 3l7kete] <k INAE £F 08 X858 77t
FYF dejw A7 g sl ojug g FERol
o] dTtalazt Pt 22 dElde] FelE o
A8 E7ETt YA e il 2n g
AAAQ) ol stz fAFsAl vebidet. A8 A st
238 o] AR olle FUF HoiARFET F4A
HoAZE e} A veh et A 423 3e] AR
of whe} HHALLE 7 Holx| = AR velyr). ol
T AAEAR ARE FYF dig] Ao AkEA ET F
UF HTF 1.5 MPaH =9 ARE & Jx & F49E 9
402 M As ARG F Ao} A}z
FA4to] 3hgstel] wisle] zA| vielie), mlo]ARA|ME
5 Y 2ol deElAdeiel sz sl
Hjatod vkt FAbe] Asht AAAA AL 373g)
7o) fAkiA vebkes, WA FF 1.1 MPag 1}
ERdel. ARIES) npo] A2 AJMIE R4 w4 A
o] & o] el HH ol wisle] duiog
A YebskEdl, ole FYAell o8 2ol £l
e o) FEEA T Ado] Y& WAsHs Ao|r}.
] 49 A9 AAHH R ZE Aol 3l
ulsle] EAbslo] Yehtal gledl, ol2igh Aake Ak




190

6.0

Grout thickness

omm
- 1mm

4.0 5 5mm T ‘

- 10mm

2.0

Residual shear strength (MPa)

0.0 T + :
0.0 2.0 4.0 6.0
Normal stress (MPa)

Fig. 22. Relationship between residual shear strength and
normal stress of cement grouted granite joint.
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