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Test and application of in-situ slurry fracturing
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Abstract: For constructing slurry shield tunnels under rivers or seas, it's a difficult technical problem to maintain the stability of
the excavation face while preventing slurry fracturing. There are some laboratory investigations of slurry fracturing. But, due to
small sizes and different boundary conditions, the results cannot be directly applied to the projects. In-situ slurry fracturing
instrument is developed on the basis of theoretical analysis, and the test procedures of fracturing and the relevant method of
confirming fracturing pressure are introduced. The in-situ slurry fracturing test is carried out on the rive-crossing tunnel under
construction in Nanjing. The results indicate that: (1) as the fracturing process is a mutation process, the stratum fracturing
model can predict fracturing pressure by means of the total stress method, which agrees with actual working condition. The
theoretical results show that the fracturing pressure of tunneling model, which is almost equal to the lateral earth pressure, is
smaller than that of the in-situ slurry fracturing test. It's efficient to increase fracturing pressure by increasing the slurry
viscosity, however, the effect is limited; and (2) the upper limit value of slurry pressure set for preventing slurry fracturing is
given according to the results of the in-situ slurry fracturing test. The in-situ slurry fracturing test is performed by shield
machine after originating, and it may verify the accuracy of the prediction model to some extent.

Key words: in-situ slurry fracturing instrument; in-situ slurry fracturing test; stratum fracturing model; fracturing pressure; total

stress method
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Fig. 1 Three-dimensional model of stratum fracturing
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Fig. 2 Two-dimensional model simplified from Fig. 1
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Fig. 3 Diagram for structure of test holes and apparatus

[EPE SURMNS S L Y & (SRR EYie: L) =1s L =N
TR UG A X B Eor Bt @ iy . CAa R
B MR LR L E T, HuZR B RUE ) S YR
A BT Ve /K IR ) b B, 1 s A7 A
A5 — TOLE ™R . Ak, 75 ZE0 e 1A B IS
ZET1, TR ¥oE EIRSEHES %

TR0 FLAT B A JER A R I I, e AN [
MAFYe/KERE T, HUZ T KBS R ERE, — A
6 L, 7k A, B 4. FA R EAFLLE, 24 S,
10 A1 15 my AU ARIEKBCEE, W5k 1 B,
o, A AT HJeK RN EEEAUIS, IEAJE
BUER 2 R s i B 44 Ve KBl k.
FER &G R = A .

R M 20 A a1 4 Fios o AEIRES IR B VG
W, Oy YR ok A L, AR 2
W 2 . BRI, A IRUE &5 s A R
W, 3% 45° TR (KPR 7 45188 ) st B
JIME G At e st (A B AL Z e, ki 5
PR o

1.30(4.14) Fit

7 /Z/Z@/f
/

19.40 (-13.96)

© By LIRS

25.70 (-20.26 ), ©7

32.20 (-26.76) ®, B
1

T | Reffim

4 RWIFHR S
Fig. 4 Layers of test field

5 MIXFLAAXHL & X R FAF2 M SE

Fig. 5 Relative positions and influence ranges of holes



1904 “ + i 2013 4
1 R EAREIERE
1,
Table 1 Properties of slurries selected for in-situ tests METTA
—— T
3 HBERE
415 L T #ifE "
7 /(KN'm ) v/s - % % !ﬁ?
(=3
i+ : CMC @ k=8 : Sll= S| Hig
4 n /@ )
Al 0.075 : 91.925 10.2 20 @ﬁ“
% B . .
4 Zhit e+ L CMC K
Bl =20 :8:0.075 . 71.925 114 35
*2 WEYENFHESH - 3300 -
Table 2 Parameters of mechanical properties for soil strata (a) IEME (b) e (e) ikmE

s ok LB WbEER WkRR R
plkgm? W% n B I I
18.0 38.9 1.097 14.0 1.34
= S HE KR .

UL S R A

gocu ccu (ocu ccu
Ko

1) /kPa 1) /kPa
15.6 12.1 25.4 8.8 0.6

RIS B L. . B viel. %L R
WEERRIFZ MRS 7 NP8 I, 58S
Wikl 6 . {Eiki ittt M2 R 1 % i A7 —
JAASE . A T e A Ok R LR B R T
X Ml Z R T RS REAT T AZ R . ARG, IR )5S
RERMBWE 7 Pros. W85, AT 5 mfL As LI
EERPEARIAT T IFHS,  JFHE s DU 5 24 1 (1) o8 S
2N R R AL M B, da R % BT LA
BB R % U T AR EE B R LIRS, RS
2o IS R ) = e W 8, 9 T AR A TR T A2
Kl 8 F11 9 s BSR4 HA R ME— B - . —fts
BUF, WL, BEROEZ . W SmiEA 1 2
240, 10miRfLA 2 B34, T 15mfLA 5 2 6 4b.
BRI B 5 ALA 2~3 m.

Bk

AL Pii

~ Egn |~ iR |

6 FUARKBERAE TSR

Fig. 6 Procedures of in-situ slurry fracturing tests
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Fig. 7 Slurry eruption phenomenon of in-situ slurry fracturing tests
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Table 4 Comparison between measured and calculated values by different prediction models
R L4
ZH A4 B4
A Ay A; B, B, B;
A+ )E % /m 15 10 5 5 10 15
KR J3/kPa 270 180 90 90 180 270
JKFA s g /kPa 162 108 54 54 108 162
- YE TR ff%;ﬂ 1(a) 217.2 148.7 80.2 80.2 148.7 217.2
E A 1(b) 148.7 103.0 57.3 57.3 103.0 148.7
" B 1(a) 175.1 119.4 63.7 63.7 119.4 175.1
/kPa  HRIN I EME
B 1(b) — — — — — —
S BE R ) /kPa 250 155 80 82 162 255
il s J#iEd 1 : CMC @ 7K=8 1 0.075 : 91.925 L WAL eMe s k=20 28 -
0.075 : 71.925

L,y WIRKERE, D AEWHLER.
YY) D) po ik BB R T p, ), Ye /KRB 24
o P, YesKH v e e KA A
Pomax = Pr +7-D/2 ¢ (13)
P SRV % 8 R AL R B 4 R Ak A
MR R, 5REmith—8, wiE 14 For. Hh
EPERRIR 2 Pn. Horp, FZRBREIIR 832 m, FE
TEHIZE YR 15.57 m; JLZBREME K 7.77 m, BEiE
B YR 15.04 mo KR4I 13 (BRI AR AR L7 56
S HCHE R % 1 R A6 4 R e IR K s ) b BR 43 il H
ZFAH K 0.220 MPa F1 0.210 MPa. iz FHJEMHLLE
JEER PRI IR R AT T B 2L, MUK R ik
JEA 0.22 MPa I, MR HIL T HHRIMG, 11— e
IOAE T RIS O A (R . MR, T
TIHSHEA S, BRINGHrEiE 5 AN 2%
A%, WARRE . GBI a0 BRI 3R b 2 il

7ok,

?Ej:l.90'4.50) ZoX, 1:1.50(4.170®); %

4 i E
7 4
7/ b
bt
N/ @i
WAV TR B2 1

19.10(-13.43)

.

............. S %% K ST S By
() BiskBERS OF~:: 5
14 BREFTALIR S 7

Fig. 14 Layers of fields for tunnel to be built

4 % it
J T T R SR T B A R B U TR B L

V7K ) FBR, 76 I ERE RIS 55 24 SE Al
by W TS RNRG St TR S 2K e i
T I B R IR A A ES o HT, LA R4 e

(D BRI A T 5~15 m A
IR TR R R B R g, BInYe K E
R S It 285 Ry, (RS & A7 P .

(2) KA RN pE S, B 1 (a) HWHEAME
L SEMME R ZE AR, RERSAR G A U b 2 B 24
MR AN 7, B 1 () w5 S 9zlEf —
S ZE R

(3) T SRRV KIE R FFAZIN, 2% 4 A S A
1 (b) AT, WA 1 (b) HEAMERDN, HERIT
R R AE e B . PTLL,  SERRVEKIE T2 IN 1) 55
FUE )25/ T IR 5 SEIME, 57K P Hs ) {EAH 4
B RR S AR R, SR RN )i B e A3 6 5B
Do

(4)iz IS 2000 TN B 25 T JE R LAG K5
(P Ty veE FBRAE, FH18 R & MIMLIEEAT T )57 BE 24
5, fE—E R RIGUE T AR v . A IS
AL AT LS 1 Ye 7K B ) FBRBOE 4T R Hehif.

S

[1] KT, XIEE. s = M v T B+
WFFE[R]. dbnt: JbaAZiE K2, 2013, (YUAN Da-jun, LIU
Xue-yan. Research on rational buried depth of shield tunnel
at Weisan Road under Yangtze River in Nanjing of China[R].
Beijing: Beijing Jiaotong University; 2013. (in Chinese))

(2] M BE, XICE, W e, A EPCITEIR T REE T
BB AEE G P o )2 SR RIS [T]. A0 02 B TR,
2007, 26(6): 1188 - 1193. (JIANG Shu-ping, LIU Yuan-xue,



510

M, SE B KBS 2T KN RIS 1907

XIE Feng, et al. Study on reasonable cover thickness for
submarine tunnel of Chaotianmen in Chongqing by shield
construction[J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(6): 1188 - 1193. (in Chinese))

[3] MORI A, TAMURA M. Hydrofracturing pressure of cohesive
soils[J]. Soils and Foundations, 1987, 27(1): 14 - 22.

[4] MORI A, TAMURA M, FUKUI Y. Fracturing pressure of soil
ground by viscous materials[J]. Soils and Foundations, 1990,
30(3): 129 - 136.

[5] PANAH A K, YANAGISAWA E. Laboratory studies on
hydraulic fracturing criteria in soil[J]. Soils and Foundations,
1989, 29(4): 14 - 22.

[6] BEZUIJEN A, SANDERS MPM, HAMER D D, et al
Laboratory tests on compensation grouting, the influence of
grout bleeding[C]// Underground Space-the 4th Dimension of
Metropolises. Taylor & Francis, London, Britain, 2007: 395

-401.

[7] GAFAR K, SOGA K, BEZUIJEN A, et al. Fracturing of sand
in compensation grouting[C]// Geotechnical Aspects of
Underground Construction in Soft Ground: Proceedings of
the 6th International Symposium (Is-Shanghai), Shanghai,
China, 2008. CRC Press Ltd, 2009: 281 - 286.

[8] MURDOCH L C. Hydraulic fracturing of soil during
laboratory experiments, Part 1. Methods and observations[J].
Géotechnique, 1992 43(2): 255 - 265.

[9] MURDOCH L C. Hydraulic fracturing of soil during
laboratory experiments, Part 2. Propagation[J]. Géotechnique,
1993, 43(2): 267 - 276.

[10] MURDOCH L C. Hydraulic fracturing of soil during
laboratory experiments, Part 3. Theoretion[J]. Géotechnique,
1993, 43(2): 277 - 287.

(1] K%, JEE K, X, 55 5 M kR )2 e KBS
R RILGIIII]. & T TFE2EHE, 2010, 32(5): 712 - 716
(YUAN Da-jun, HUANG Qing-fei, LI Xing-gao, et al.
Hydraulic fracture extending during slurry shield tunneling in

soil[J].
Engineering, 2010, 32(5): 712 - 716. (in Chinese))

[12] 3K%E, B &, /NRE, A% KRB R 3 ke K A L
G, B0 %S TR, 2007, 26(11): 2296 -
2301. (YUAN Da-jun, HUANG Qing-fei, KOIZUMI Atsushi,

cohesive Chinese Journal of Geotechnical

et al. Study on slurry water gushing during underwater
shield[J]. of Rock Mechanics and
Engineering, 2007, 26(11): 2296 - 2301. (in Chinese))

Chinese Journal

(MERIFHA) 2014 FETTRE

(EEERE A BOR) 2 i iR e B g BT T e A7 PR 5T
) R e gt E b I R—ERISUT T, 2
H E RS SCETV YT, o SO 5 LAY, AR
IR OeRO T 77 77 Bl R T 4 3ol
Tl 2P A AL 5 T .

(BB BoR) BN TR B0 ST, TR
Js FREEHLTT. K SCH R R K BEEPP A R I 2 B
FEARG. TR, AR TRE IR 3 R ER05E
TR SR . A= 0 TRESSR DL RS . FrBR.
Wik

(B RIAEOR) WA, BIRdaShs, @Thds

T TR R SR ORI il L I, BB
RN G B S A A B, O

(R ZERARD) BEANIMAFFRAT, AT, K16 FFA,
XA 20 H R BEHIEN 10.0 JG, 224F 60 G BB A5 18-153.
A [ S-S R S8 AT B, A v B VR B AR T B

ATFEE S, G, EVHE R, HESLAK.

A R PR T R EE

Hihk: VTR PR T AR R #1285 5 (IhZRRLERIAR)
AikEES; M4 071069; Tel: 0312-3020887, 3094054; Fax:
0312-3034561; E-mail: kckxjs@163.com, kckxjs@126.com,

(BN REAEOR) gifEit R



