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Development of a 3D grouting model test system and its application
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Abstract: A 3D grouting model test system, which consists of bearing test rig, servo voltage supply unit, grouting unit, multivariate
information monitoring unit and image acquiring unit, is developed to investigate the grouting diffusion process and reinforcement
mechanism. The main functions of this system are the lacunose, multiple sequence and parameter flexible model test of the grouting
and the real-time collection of the physics field information during the grouting. The major advantages of the system include: (1) The
test cavity is designed as composite barrel structured, strong leak tightness and convenient disassembly, in favor of studying grouting
solid details; (2) the loading method of multi-cavity control hydraulic pneumatic joint can provide continuous steady pressure
groundwater environment; (3) a multi information parallel real-time monitoring system can collect the information of the total
pressure, pore water pressure and displacement of different spatial positions in the injected rock body, and realize the spatial and
temporal variation of physical parameters in the grouting process. The testing system is used to perform the simulation tests of single
hole grouting and grouting in a single hole, and the variation of grouting pressure P and the mechanical response of soil are obtained.
The p - ¢ curve shows multiple peak - trough cycle and characterizes strengthening mode of splitting grouting. The total pressure, pore
water pressure, effective stress and grouting pressure change almost synchronously under the grouting loading; reach the peak values
at the end point of grouting, and then begin to attenuate and gradually to be stabilized. Compared with single-hole grouting method,
the multi-hole grouting method can improve the effective stress of soil dramatically. It is demonstrated that fracturing grouting is the

main clay medium. The contact relationship between different orders of slurry veins is complex, and can be divided into 3 basic
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modes: shear splitting, in situ splitting and intrusion splitting. The test method of porous and small grouting rate can reduce the

disturbance of surrounding rock, increase the amount of grouting and the degree of consolidation of soil, and improve the effect of

grouting reinforcement.

Keywords: 3D grouting model test system; clay medium; single-hole grouting experiment; multi-hole grouting experiment; real-time

monitoring
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Table 1 Types and performances of grouting equipments
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Fig.7 Layouts of sensors under working condition A

(2) RIG L5 Ko Hr

RN = I ST N5 AR = e N B ok
SRR, ERRABIERR, FHERIL, HE N
FM ALV IRWKIE SAFAE s H 2 1 BRR e A P
FIFEA NI . BRI, 3 2R DU 2R
N E. FER HIX AT E 5 4, B IRD)E
WEEFKMOEA, WE 8 s,

SR 8 AT, R SEAE R AR T AR
WU, ARSI S A A B A HE T = TB5 3
HMk o BREEIT AL, JRMKE, KA 135 mm,
IR (L 8(c). (d)), ZEERAL,
OB HTALE, bl 0 mm, HETHRIKERE
BHis) (ILE 8(a)s (e))o

Kl 9 k) Ty FLBRKIE ) P R
HKIET7 p BERT AL 2 P o

v <SICENECY ININE

(1) p-t AR ETHES, HBLZ AP
WA e, WA 51, 187 J 280 kPa, fREHK
AT AR N R AE BB R

(2D FENF = A fr gk GRS s ) R 1 =)
TN TR A RPN, 5 RS s D) ALK s ) A%

b, PEAERLBRUKIE S . RS FLBRKIE f. 3
E IV DNIIIY 6 P e £2 T N (Pl L
HEFAT IR, S B FLBR K s g B2 0,
i TARE.

(3) VRSG5 I I 28 7 T S ok N 22 18 3
WP B, DR IR, ) 5~10's, {HEEDE
BA N BIEREN 75.5~82.2%; MR TEIR
45~87 so X—HLGEW], KA IFE RN N
7RI T P TR A HERS RS, (HIA B B AR
S8 PR ) 5 BT A ]

(4) 2R BOBASFER, RSO Il W i 5
PR 27200 35 o L2 PHES R M gl , P56 2 258,
SRR RO, MBS R 174.8~274.2 kPa;
FW ) LMY L 6 L3 SRR T L, W
DB Ky 216.4~231 kPa.

(5) VEIM B RN S B, IR 4
WS TR B . L1, L2 L3 Wi 250 ) i
5350 43.4. 72.4. 14.6 kPa. 1145 )a B
F 3 B ALBRIK e J7 3808, 44 W 1 A 2008 A £
1.2~23 kPa i), FHHREA A AR AR )R
B, HRGEEE RS T — 1.



F3W TRARAGE . 4R IR0 2 Seti ) & A H 907
160 - KT 45
A N —a- IR
140 - 135 o Nee, o e s |
. 120 N : 135
ol e 2 430 R :
. W . 100} AR 10 g
100 F A A ] 425 L AN : I PYS
K \ \g\.-—.-_' /!:/ g § 80 .'.‘\ \\ y -~ 25 ]
2 r ; 1= N oo TAN LAY s
. ) %
N 60t e 1158 401 AN e oA 115 ®
= \\ %
40F - IKTH 1103 201 o 110
[P \
0 1 1 1 0 -20 L L L 0
—400 200 0 200 400 —400 -200 0 200 400
Y/ mm Y/ mm
(a) A-A’ T (b) B-B* {1
250 e KT 1140 - "
200 —a R I | 200 - KT 100
T e £35S0 A 120 —a BRI
: . L N ~ oy 4
150 . P 4 100 g 10T m oo REKIE | 80
S ol Y
E 1001 T ¥ 18 & 100 - \\k\‘ ; a 1 60 E
N NOow o r“i’ R g ATw-_p-u K 7 A
N 50t Noow T 160 T N —a w iaif =
N = N 50t PO Nt 440 =
ARTS, ¥ SNA K S
of S R . R N A .
B A4 \ _
S0t Pyt 120 o \( 20
—100 1 1 1 ; 0 50 - 1 1 1 0
—400 -200 0 200 400 300 ~100 100 300
Y/ mm Y/ mm
(c) C-C” T (d) D-D & fii
160 | 135
140F Y 430
N B N
120 F ‘\/ﬂ‘%. A 155
100 F A dy " g
E sl SRR A4 =
N NS « g 1152
60 F - o J =
.’l \A " 410 B
40 - Fome BTN &
Sk S KRR S 45
------- Sk v
O 1 1 1 O
~400 -200 0 200 400
Y/ mm -
(e) E-E 1 (GEE Ay Sl
B8 T ABRRKES
Fig.8 Shapes of slurry vein under working condition A
3000 wa-Lip 7350 32 I/AB
-o- LIVT . i R N
< 250 T DT 4300 FIFIAIR Y RGEAT R 12 L0 S M iR
= -o- L2VT . .
£ 200 ——12p {250 (D T %
B --4- L3P < VL FIRRRTRN N
< w2 B 3 WY, VR T, 12, 13 3 4
g ....... R Ny YL 4 VAP K2 —
= is0 5 TAMUERBEAT, VEREAELIE 10 fis. J1
é 100 100 IR AL A I T L2, J1. I3 H IR AL R
2 .. WS L1, A A 7 25 i S 10 s
5 - , s
LA PSS E S T A, R E L
0 0

B9 THA SRS FLBUKES . FEREF IR R 4

Fig.9 Curves of total pressure, pore water pressure and grouting

20 40 60 80
t/s

100

pressure changing along time under working condition A

FEARYIHE AR 2 PR SRR 2 AU
T R P.O.32.5 AR #h/K IR —/K BB AL
W, Hdhwic=1, C:S=1:1, R TESH
WK 4 PFiR. AR5 PR REIR AR, ET SR



908 = +

WHIL, RSP P A IRk, e S
ARB (WK 4 Pis).

500 'VT] g2V
200k \“ L2HT
L2 W7
3001 B L1 Wi
200 F
g 100 F L1P2 L1P1
N
(=3
(=1
—100f *®
-200 S
1 i) 13
-300 - ﬁ
(=3
4
~400  -200 0 200 400
X/ mm
() EME
300 | L2P2 LIVT]
ook —~®~ n g
- NS N
wof / \,5 /N g R250
L2VT
E oy ¥ g0 *G$L2HT" l
= 12/ L1p1
= L1k

100 _L2\<T1
i A
—-200 L2P —a v

=300

—400 [

—400 -200 0 200 400
X/ mm

(b) ML

10 T BAAERSHER

Fig.10 Layouts of sensors under working condition B

#£4 THBERSHEE

Table 4 Grouting parameters of working condition B
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