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SYNOPSIS : There are many geotechnical engineering support systems where it is advantageous to
inject a cement grout under pressure. The ground behaviour by the pressure-injected grout is
assumed to the elastic behaviour, the elasto-olastic behaviour, and the plastic behaviour to the
degree of the injection pressure. This study is proposed the estimation technique of the critical
injection pressure starting elasto-plastic behaviour and the limit injection pressure occurring
hydrofractures. Also, to verify an applicability of the proposed equations, laboratory model tests are
carried out. Measured values of the expanded effective radius by pressure-injected grout are
compared with predicted values. And comparisons of the relationship to the time vs the injection
pressure show relatively good agreements.
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1. M2

UHEA 2HSEE Foo] HAY 5 L ZERHOZ AT AHAEY FFE Hastsr] A8,
Ak BRgog AHT Y JPeR FHIdeE 277 EHEHAEALE R ALY T ESHL 517‘
2o deksiA HeHn duk. GHFEA 2BSEE FH 2HLE v LIHET w@AFE
zolqlo] Hl# sl HPH oz Zusn(Hobst & Zajic, 1983), H 22 A7 Ao o3ty EFHHETE
9] AL dgHEA 289" FUALFHE GAEE A8 F/AAE B4 dASA FAANAE T
TEE} AR go] £48 ®rr oligt £ 4 (hydrofractures) 3T HAT & Ue AL ‘%E}‘f&q
(Kleyner at al, 1993). &y ¢HEA a8 $E9 Fgo] 1YY Afoe FHANAAN ¢4
#afo] WA= So| BA7} Subsly] dEol, A7 P (micropiles)®] A$ WA o2 5-10kg/cm’
Ao Fgoz AFo] o]Fo Az vk, wAN AFHEA aHFE AT FAHA AA R A
e YA E 9 utzxde e FALY 27 ZAF SHEAR A BFE adLEAY &
&0 it =y So] Maojof st iy AFEALY FS FExwe AF F ITFEA
o nAANY 5 BAS vsUZoez A EE APAHY A4S EGE HAT olFo] A 3
v AAelth

B AFoME RABAA] Auke ARE Fodte £gudst 2AE F A FAFYSA A

—_
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243 GARAA 2ASEAY B AZ37] A Ae VY R B 2HRA2 G F
Aol e FE7A AE A2, Kleyner 51996)°] ANE AWE 2FSEA] FURY
g olg3tel Aol WE FYY WHE AZHAT. ET JUGHRA AYFAE Aol A
of e BEFFWY FULY Ase FAG) BE FEAY AHE FASHA, ¥ PN ANE &
73 e B34e AEag.

2. J|12o|®

2.1 QHH{RALAl XIS

FARAA HEFFE A AL FRNAGAYAL A% AFH FASH, o8 FANOE 4
W E 19 2o E 13 2ol BAYPe) B AuelA Awe wAH ASL vehue, BA
go| ALY (p,)ut AXD FLo| TAFAAN F 44 (hydrofracture) @do] LA} o] we
A @ AHATS dEhiE, BAGE0] 48 AAN FALD(pp)Rtt AAA HE e 24
A5 e e,

E 1 FHEAANY FAGHA & ANAT

TR A8 = F4¢9 A %A F

2 cBAAT
e @ b < b o AWhfo] Fgo] LA &S

o — o A uhYl o] FHo) vrAlEly] A&
ere P % ? ber o 4§t 5} 3 (hydrofracture) @-go] S

major cracks

) Wk’\{\/ ¥ 2HAE
a0 /Xp-g\ Por < P < Diim o Ahye] FHo| B AA Lo

onl
o
®
b
oX
X
of

? > Dim

¥ 1AM £y @4 FuAwy Ayse s EA] WAoo & HAY Ao A H
Z7te 2AsA @7) Ao 2ARHE L Fointa @] 2 F=F zAstoo o ol @
Sy e g A% FYez ad9ES FALHET I8 1o o] GAEE IIHMA A
T R3S FaAgel RAHAA FAGH A3 FUHY] Qo FEHA @S AAHAAN F
WA uke] RAER 2 AAFHe FARANL 554 vt dT7AEE it Kleyner 5, 1993).
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a9 L 2B9E FA4E 94

22 YAIFe R EAIFHe

AE B4 HE ZHAsta FUA FeAA e Mohr-Coulomb #377&EE HEAA fE3d, o
AFLAH p)2 AD)FH o] Fo4¥ + At (Kleyner T, 1993). =T YAFALL E 19 Z 0%
2ol Fduta ol HARE FA L Aute] @A} & - 2HAF L FESE FAE v

Por = 1_2K"[0h + ¢ cotg] (1)

A7NA, o,  BAZHAAL FHES, K,  FTELAF

FAFYH Diim)S AEFFE Aol AFT 5 A JRFAYLLE Vesicd FHF ol201972)&
EdE =8 & Atk

bur = C'Fc+q'Fq 2
i-
AN, F. = (F,—1)-cot¢ , F, = (1—sing) - (I, - secd) Thed
I, = —— I, = E
T 1+, dsecé * 7 201+ v)(c+o,tand)

4 - BE AHIPLENYFANA BS, 4=0), q 27 AFEH

.23 AHIE T2 ES H2Y

Kleyner 5(1996)2 & EAM AIME Z9EX HRd ZAE FYATFELS Azto] A o
g FaAgoz FFH AAHEE HEY GEHAF FASIG AAe AWE 2HFEA WR
of e AT E HQ)F} Zo] AU

du _ *u 1 du
at =~ S| 5/ t 3
Aq71N, ¢ ANAE a2FoYA e LAFEERS AAES B F (.5 cm?/sec)
HEZFANA Ao zol gdo AL rry ), ry: JEFRH

Fg 4T U¥ol FUY AAE THSEE AYges AFHDE IF wEE Awd P P
Argrozel o WolMel HYAIFGEL H@st 2k
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5y +h-u=0 (4)
= Rl Rg 2 _ - LRgDo/Ywl
k= SRR BT n(Z)
I'4 ro

R 189 ES AR JFIH
(dutd oz A\we] BELASE k=10 ~10“cm/secol A 1~3m A=)
po P ABFTESY 27 FUYE, e, @ AZTFEQ H

gatd A@)l e HYRIEGe AME IHSE WREAMY AJRFELS orisiy, @)
Aol FYrFFAL FFFH ANkdA e AYFeES g A3 R DEREH HIT RE
F9 ANWE O#59E UL HFT FuUXNY FFAF(kO)S AHE a5 s-"HA S FFAF(E,)
o ZA A$HE RE ¢ F AT FHEAZR A AHE IHFEA} B¥EHE AEE ¢V A8,
2(3) 2 W2 FE JFFAAMY 27128 u(7,0) = py) E AAXA(ul(ryt) =0)& ol&3d
ATFRAAY FYHFELL fESE AG)S 2o 2AHo AP £ Yk AGRFH WP
Fo] BAsE AYVIFYL AUE 2B$E FIE U #3898 & F Aok

exp(—cudt/7) | 16p K7

4p = ulrg, ) = 2pphry (#% T hZV(Z)) T Thr, + 4 [1—-U(H] (5)
_ 41 cudt s 8hry
05‘7]/\:1, U(t) = 1- /l% (#% T hz ’%) exp( ’% ) , M1 = 1’”’0 + 4

24 %2 Yt

GAEAHE AHME JBSEE HF FHAwY QAT wah AINA Furt GAH7 o
2ol AWME 1F9E FUE wel BASE wRARHY Yoz AM GAR Fa¥ TAL H:
A9 WYY TP EE ANAA FPAMNE GALA THSEY] ‘%J%Ml we fadel Pt 38
3 FAolt, AWE 83 $EY FUY w2 JINA F/FS F 1A AdE FUALY A=
of Wl gy e & - 2oz RE 26) R (DI ol aﬂ;.eg 2= 9},

(1) B4 SH4(dp < po, 9 A

o a (tw) 160 B
Ar—fod,dt—. fo 7 e (L) - de ©®)

A7M, 4, = —%ﬁ dp- 7,

2) & - 24 #AX(p, < 4p < Diim & BE)
z—rﬂ)f+l (F—1)
+ (f— 2
- (1+u) (” 1601275 . ]
dr fA di = f e ] g (1= U@ -yt o
of 22\ + (1) tan(d5 + 2)
1A, 4,= AL 4. 7’0[ L )fﬂ ‘ - re
tan(45 + 9 )

% = 14 pdp _1;” V1, secé — 1), ¢ = dilatancy angle
0 lim cr

~ 308 —



3. dlUl e EA JBl2E AY
3.1 X

A7 AER AHEA 289" WEFHE Y 29 go) =7 10mm, &7 500mm, ¥%°)
250mme] A Ay Exe 4FEA 24y FRFA, TG, 037, A7) Foz2 FAY
o At EY BEx uifE Omm £E 115mmE A I YAl ggoge g = UAEEF A Zs)
Aem, FHEALAE Hd 10kg/em™7HA] 714 $ U= AASFA.

APA FEFEd Feste 4y R xFo) Ags gHe 2Hs 94 AFFEY EH Uy
o 2z} A% 90mm/115mm¢t 202mme 2"y A strain gauges ZtZt 4704 R FA3igct T3

HEZAE A 10ton $39 ZEY FUE olgstd AHEEZ AHE NANA Asd Nar
Z@HA %A s

S
A FUS 2R 3A N: 8EZ
B: §3$E 434 o 1%%
C: ¥¥Cap P: P.V.CPi
N R D: 3% ¥3E Q: I9E AM3A
T E: ¥#Frame R: %823 33
B F: 3FCutter S : Manometer
G : Chain T: 44 3+
H : Motor U: A9%H
C I : Pump V. g9 3z
~ Q . V J : 34 Switch W: Inner Ring
D P L K: 8%Cap - X: (él:er Ring
L: ¥ ¥Cutter 4.3 2P A Y: BE
ps J v M: wﬁmr

(a) F8%= (b) A-A @98 %
28 2 AW FEEA 289 E 49 Jlex

3272 SM4¥

GHRA 2o P AP AGE ARE #200MA EFgo] 30%0)4 HAENEE et A
48 FAEE MUAE 2% SHsE ARZA, SUREHC o8 SMoz EEEAG. AWAGA
Y, ANY, HEAFIANY L WY A Asd E4S AGHE E 29 2w PAY
o ¢ ~HAHN~Ye] EHAE E 37 2o}

¥ 2 A8 B4 E 3 £HIdH=Yo 54X

vazsea ez 33y |wygs PUSEPS AR E e
wmd | () | kefemd | (kgrem® [TTET M F I e (ke/cm?) (ke/emd)

1.70 347 0.204 350 035 264 | 0556 |4.7x107 3200 2.40x105
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3.3 ALl tSHEAL AIEEX| 0] Y8t Scale Effect H7}

2 AT F3d Ad A HEAAE F7 50cmy EX oA dojd ZAaojmz Zww
A7t F&HA e AA EFZARE Aol AUt doiF £ Ad. F, AU GEEA 28I A
2HE GYHEAIY ANYE J8EE A% 50cm A ERO o] B AgAH FAA AA
JHlRT S RAoF daE. oldd AFS AU AHEA AFAA A A Scale Effectz H7HE
F ey, ¥ dFdAe FRAHHA FI2UHE B3 AU dHEA APA X @ Scale Effect
g AFHo 2 BA3AL.

FA o] AR FEEZ2aWL F e Emerald SoftAtol A 7§ d PENTAGON-3D Z2a3&
Abgstg, 2 AU GEEA 2@ AR d§ Scale Effect 7 inner ring® outer ring®l ¢ Xl
ACAEE AL dA@ FHE drtx Exe gAE FAAF A st A A, 3FHAY
1o A oA Scale Effect7t AR e AE & & AU, WA Scale Effects HTw73 @)
EZ w3 (R)Y vt 1569 W(F, R/r=15)9 inner ring® outer ring? Yxle Aol A3 HYE |
2 & Rl ot Add AH%e A 3AIZ] Scale Factorg =A18HA 29 3% 2o}

g 39 & ¢ Uxo] B AFAA 9 Scale Factors HEFA 70 90mme A$ 0892 I== I
7HH g ew, AFA o] 115mme! A$ 0837 A2 HAHUY F, FFF 740l 0mme AL &
Aol SAHE ANE O2HLEY FEBELS FH ERY 75202 AA 3434 8.2% H=d 3
FEH, AFAAol 1156mme] ZFole 8 AP S3d ANE 2R 9EY |FEHLS A 34
9] 837% AL #HYdT § gl

oS S 10 T :
Ly 0.892 | : . g
tesull R 3 § -« .
g _GUMDiselopemans 08 J& 5837 re Outer Ring
G /
v 5 Inner Ring /
wOIIeT4 ‘g" 06
wontnse I, // :
.o :
Botese Y os y _
[T S :
nogEra ; H
LD 0.2 Fffmidomnngghrghr
660K G ‘:’,
PY ] | B H
AN 0.0 — T + ¥ T R
[0 o 3 S 8 10 . 13 15
Rr

(a) AA8 4% (b) R/re} ¥do] W& Scale Factor
a9 3 AW SHEA AP A A9 Scale Effect #7}

4. U ¥ BEY

41. dEHER

FAG BE MTAFY FAATE 47198, & dEZPEE 33 ol 4gsted HAXNE H
A ¥ 49 2o T3 74 A9 A g 2HAUAP Y strainCZ2RE d2g AHQH 2
AAHE =AGHE o9 49 2. 1Y 4= FTW ¢Fo| AAHE inner ring® TR vgR EA)
Wil AX5H= outer ringdll 24z} 470¥ RA€ strain gauge & Ho st Ha sy

E 4 AU GH¥EA 2 $E A9 A9

2 g | B3AE 914t & 5 ¥ (%) g3 | FANB | W/
- (cm) | (kg/emd) | A¥a | A¥F (cm) (sec) (%)
Case 1 115 4 143 157 0.60 300 40
Case 2 115 6 13.0 146 0.78 300 40
Case 3 115 8 11.8 12.0 1.14 300 40
Case 4 9.0 8 15.4 15.4 115 300 40
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(b) Case 4

600

29 4. FUAY B 2HAd =P A-UFY #AAFA

4.2 AlZho] B FEgieto] et

a9 49 Zol ZAHY 2Hdd 2P AFH o2 HEH inner ringd FE3= AWE
A%e FFYHF 4 (hoop tension formula)e.2 FE AL Azier A (G)ZFE ATt
H3le 23 A9E TAYE oY 59 o
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4.3 Fleto] ME pEYe B

kel e NWE ae4Ee] fEFS WBHE FAG A= @} 46 X (N2REH 45
5 glem, AYA) AFANE EAT 2% 29 63 2ol AHRFUY FAol Y scale effect® T
A8 YA A2 F YA A= 2T ¢ F ANt

15

Expanded Radius (cm)
o
|

i o [ ] measured
b B  modified measured
+ [ ] c—— pridicted
0-5 T I T I T | T
20 4.0 6.0 8.0 10.0

Injected Pressure (kg/cm?)

29 6 FAG e FaAe Ag

5. d&

ool A7dnE AHYsd I #oh

(1) 2 @FANE GHEAA Aute] A% S motsle 4 9tuH (hydrofracture) 7t E A= A1 2
2uke]l GAA S 3 FAA dAFALT Ay 24AF AL FAFAGAN N 2A
28 AAFAT.

(2) dHEAZ A% AWME aHALEA FEAE dEd7] 98 FARY A= o2 ddHA
2 8- a8 ez2Ry FUY W fFEH WIE 433

(3) AYFHEA AFZAE AFsA At W& 7“_ FAo Tt Wizt FUG weE 7
A W3E 2A8o, B A7 AAF a7 HrEe B AdE AFEAH

6. &8

(1) Chang, Y and Hassler, L. (1993),” An Analytical Solution of Ground Reaction Curves for Grouted
Tunnels,” Proc. of the International Coference on Grouting in Rock and Concrete, Salzburg,
Austria, pp. 481-487.

(2) Clarke, B. G. (1995), Pressuremeters in Geotechnical Design, Blackie Academic & Professional,
pp. 130-160.

(3) Hobst, I. L. and Zajic, I. J. (1983), Anchoring in Rock and Soil, 2nd Ed., Elsevier Scientific Pub.

(4) Kleyner, I. M. and Krizek, R. J. (1996)," Mathematical Model for Bore-Injected Cement Grout
Installations,” ASCE, Jour. of Geotech. Eng., pp. 782-788.

(5) Kleyner, I. M., Krizek, R. J. and Pepper, S. F. (1993),” Influence of Grout Pressure on Capacity
of Bore-Injected Piles and Anchors,” Proc. of the International Coference on Grouting in Rock
and Concrete, Salzburg, Austria, pp. 159-165.

(6) Vesic, A. S. (1972)," Expansion of Curves in Infinite Soil Mass,” ASCE, Vol. 98, No. SM3, pp.
265-288.

-312-



