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Combination reinforcement mechanism of sub-horizontal jet-grouting and
pipe roof in water-rich soft stratum

SHI Yu-feng', CAI Li-ping®, YANG Jun-sheng’, HU Wen-tao'
(1. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China; 2. Guangzhou
Railway(Group) Corporation, Guangzhou 510010, China; 3. Central South University, Civil Engineering School, Changsha 410075 China)
Abstract: The horizontal jet-grouting pile, which is applicable in soil reinforcement and water isolation, is hard to assemble an
ideal homogeneous sealed pre-reinforced shell accounting for the restriction of geological condition, material characters and
construction technology. For improvement, a composite pre-reinforcement technique utilizing horizontal jet-grouting piles and
large pipe shed is proposed. The corresponding 3-D numerical model considering fluid-solid coupling effects is established
using FLAC?® for further analysis. The results show that the range of the plastic zone decreases by adding extra pipe shed
beneath the piles. The “arch support effect” of piles in horizontal direction and “beam support effect” of shed in vertical
direction can be fulfilled. With this technique, the value of the stretch stress of the horizontal rotary jet-grouting piles will be

reduced, which results in better stability and reinforcement effect of piles. This technique is successful applied in the water-rich

section of Jiangmen tunnel in Guangzhou-Zhuhai Railway, which may provide suggestions for similar projects.
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Fig.1 3D view of geological profile beneath Jiangmen tunnel
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Fig. 2 Section of tunneling support system
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Fig. 3 Schematic view of horizontal jet-grouting and pipe-roof

grouting
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Fig. 4 Simulation view of initial excavation state
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Fig. 5 Simulation view of initial excavation state
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Table 1 Main physical parameters of various strata
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Table 2 Parameters for seepage of ground

R B3 Z Bkl (emes ) AL n
Ar—i KA AL 6x10™* 0.20
I 3x10° 0.10
TAAA 4 7 10" 0.01

2.3 TRE
Flora /EBLZ XK ge vh 70 At b, YO vt ]
A e PR R E (R XA o, F) Blo A3
W o, =0, 733l TSRt J H b RN & Hsc
Ji 5, KV T i A L s X BRI R
Ak, BEARSM 50 cm, BEK 50 m, IR EIEECH 0.35 m,
AHAD I A A )RR T 10 eme KRG H
AR 120° YW, K 50 m, FmjfE]EE 40 cm.
[l IS B 0, =0.5 MPa, X B0 7 ZEHEAT T
S, DA AT RN T, TR 3 s
*3 LRESR
Table 3 Test cases

RS SR S SN
0,=0 T — TH=
c,=0.5 MPa LTH= T4y

2.4 HRHW

(1) Jiewibt o, =0

Kl 6 R bEIE 2R M E E ) (=25 m) I,
o] DX PRy BB A DX 0 A



104 a5 oE L OB ¥

2015 4F

Block State

Block State
................
nnnnnnnn

Block State
None

nnnnnnnnn

6 B IR TIEBHEEE X 57

Fig. 6 Distribution of plastic zone of sub-horizontal jet-grouting

columns
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Fig. 7 Maximum primary stress of pipe roof
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Fig. 8 Stress of jet-grouted columns in longitudinal direction

W y=25 m &b o, B AR BN, =TT,
IV R N RN T B /S i AR O wh i N9 SN P Qi 19 B
P I i KAEIE 037 MPa, Jc KN 4% 1.32
MPa; HiB RS, FEERS R SR T AR,
(EI KN B 73 53024 0,18, 0.71 MPa.

TR, UBURBIHE o, =0 I, HEARA GG
JRIFRIEEVE AR T B, 35 B ORI T I NI LB X T
N a1 A e B AN D R 1o (A P = Q) L
0,=0.5 MPa It}, BEARALF-3MEIRES, EHHES &
GBI Sy, SEBORE S, B REEIGR, (H
IR 50%L .

3 TSZIF I EFEMHIIRTT

Y BEE T R b R AL, X 9 R A A
BEATRE ) N3 408, VHEHSPFIRN RN ), sk 4
PR

TR, BRI RN B N RN S, IKF
M AER ) b 52 52 e HERLY o

XK @A N, ) o3 B el - e 58— 32
MR IE G280, J7 i AT TR ARG . Tol =
T, BRI (4. B R AE BIVECKRIN T, 2B
— WV JJik 0.42 MPa, HEFELL R (C, D &)



W 2

AR, SF R KB MR K R K R TS T R N 105

Bzg e, TOY T, SO N 0 2l oy
bEik 50% LA b, FERI AR S AL (R 5).

9 FEMTER N ST S ERE
Fig. 9 Arrangement of measuring points for pile stress analysis
x4 DRZIEBHESN S FEENN

Table 4 Transverse principal stress at measuring points in case 3

(MPa)
T O, 0,
Al -0.02 -0.12
Bl -0.02 —-0.65
Cl -0.1 -0.69
D1 -0.02 -0.80
A2 -0.02 -0.05
B2 -0.05 -0.71
C2 -0.06 -1.00
D2 -0.09 -0.90
A3 -0.02 -0.08
B3 -0.05 -0.39
C3 -0.08 -0.84
D3 -0.07 -0.74
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Table 5 First principal stress at measuring points in cases 3 & 4

(MPa)
Al 0.42(0.18) | A2 0.37(0.13) A3 0.28(0.05)
Bl  0.26(0.11) | B2 0.19(0.07) B3 0.05(0.01)
Cl  -0.1(-0.07) | C2 -0.06(-0.05) | C3 -0.07(-0.03)
DI  -0.12(-0.12) | D2 -0.80(-0.80) | D3 -0.07(-0.08)
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Fig. 10 Comparison between measured and simulated values of

ground surface settlement (DK111+140)
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