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Abstract: Objective: To address the unclear grout diffusion mechanism and the insufficient understanding of
geoelectrical response characteristics during grouting in saturated sand strata, indoor grouting simulation experi-
ments were conducted to investigate the grout diffusion behavior and its geoelectrical response characteristics in
saturated sand layers, so as to provide a theoretical basis for real-time monitoring and performance evaluation of
grouting-based water control and strata reinforcement in underground engineering. Methods: A saturated sand
layer was constructed in a three-dimensional physical model with dimensions of 82 ¢cm x 82 cm x 82 c¢m, and
grouting experiments were carried out under a grouting pressure of 0.3 MPa. Based on the indoor three-dimen-
sional model and a parallel electrical monitoring system, the exciting current, self-potential, primary field poten-
tial, and apparent resistivity were dynamically monitored throughout the entire grouting process. The spatiotem-
poral evolution characteristics of these electrical parameters during grout diffusion and consolidation were then
systematically analyzed. Results: The experimental results showed that the exciting current was a sensitive elec-
trical parameter for characterizing the grout diffusion and consolidation processes, effectively reflecting the ad-
vance of the grout front and the evolution of conductive pathways. At the initial stage of grouting, the exciting
current decreased from approximately 0.75 mA to 0.65 mA. Subsequently, with the displacement and mixing of
grout and pore water, the electrical conductivity increased, and the exciting current rose to approximately 0.80
mA before gradually stabilizing. Both the self-potential and primary field potential exhibited pronounced fluctu-
ations and increasing trends during grouting, which effectively revealed the migration pathways and diffusion
range of grout at different strata levels. Owing to the heterogeneity of the weathered zone, the variations in elec-
trical parameters were more complex, with stronger spatial differences and instability, whereas the responses in
the saturated sand layer were relatively consistent. The three-dimensional inversion results of apparent resistivi-
ty indicated that the resistivity generally decreased first and then increased during the grouting process. During
the grouting stage, grout entered the formation and mixed with pore water, forming a low-resistivity zone of ap-
proximately 50 Q-m. During the consolidation stage, as cement hydration intensified and pore spaces were pro-
gressively filled, the free water content decreased and the conductive pathways within the pores were weakened,
resulting in a gradual increase in resistivity to above 150 Q-m. Conclusions: Grout diffusion and consolidation in
saturated sand strata induce significant geoelectrical responses during the grouting process. Among the moni-
tored parameters, the exciting current is the most sensitive to the advancing grout front and consolidation evolu-
tion, while the self-potential, primary field potential, and apparent resistivity can characterize grout migration
and consolidation features from different perspectives. Grout consolidation in saturated sand strata exerts a pro-
nounced weakening effect on conductive pathways, leading to significant electrical property variations. The re-
sults of this study can provide a reference for the real-time monitoring, dynamic identification, and engineering
evaluation of grouting-based water control and reinforcement effects in underground engineering such as coal
mines.

Keywords: water-saturated sand layer; 3D physical model; grouting test; geoelectric field response
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Fig. 1 Layout of the three-dimensional model for the Wugou Coal Mine

ALK R kA X @FFKE HERAF 5+
RAHA, HURMELPR “ =7 KBE%S &
A RHAE, FE B A BR/K St (€ 1) .

(3) HL MR A - 3 3R A8 T T KUk 5 1 K b )2
Z ), 3R T A R B BOT AR . S RIE N
DS R B2 i R M 5 AT Pk, AR IR0 SR 1T 2 0 o 2k
a3 9 AN B IRASCIE L B, AT A5ORT R TR AR X 2k
Shy & v R i 2 A 1) A [ O TN — i R R A % )2
J 55 Gl b T LS, I 4 2 e HE AT RLFL I E
Bif i 1 b T T LA AR B b 2 O R A AR
W5 LA 2 000, A A A7 | B 4850k
D1~D16; K AL 7 JZ Xt N D17~D32; 4 7K 10 J2 X hif
D33~D48; @K K £ JZX%F 1 D49~D64(& 2) .

x1 REEEHUMBELL

Tab. 1 Proportions of similar materials for the model rock layer

PURRE IR SRR

F AR & 2 J L L

(MPa) J&(em) JE(m)
FEAkE - 5:3 2000+ - L5 o .
2 K Ft) ’
oW = A B R - 19 18
L 6:3:1(B Bt
KAk 2 CH) 1.12 23 22
702 (B = K
AR (0« kil 3.71 4 4

A

(4) 50 VAR - LA U A RS LE BC A B L 7KDL 1
5 B RSP S GR D), B bR R A
BRI 32 2 75 5525 Hc ik 4 2E0K [ A0 S B il (181 2),

LA e MR I B 2R TE A I, RSk Al
IR0 3K B AR ] A K PRI O TE A TE I, S T
KGR G AJG T IR TER . ERE P USSR
FEAg HLEE IR, Zet8 T 2 i HEDF PR 518 R A il
FHIFAT B 12 ASORS 3 6 LA % SR8 T 4 3 A A e 2
B

2 IR EE R

2.1 BRI AFAE

VRl v B 2 AP L IR N A B b R A
JZ A% S Y LI, AR AR AT B A o 5 LA S R 37
N B ZS JR RE, BRHCTE 5 b TR I 4 A B
A EERNIME . 7EA S, B R AR &
AR PN R 5 L T ) AT, R ) L e FURR Y
HPES R Z — o IRE R R, T 5 4 R b i
il L 3 2 B S B B PR AL, A AN TR I Be R 3
AR A R AE A AL (15T 3)

JER T AR 2 5 1 K D J2= A T 0 K I 45 B BL
Vil e B P ] ) AR AR (P 3a) o, TESRTT IR,
HWATZIAE 5 min BE XA o B AR SR
LA TS L LB K O 3, TSR 3 il A 5 4 B
TET AR P 280 384 5, L S TR PAY 38 B A 388Dl L O A T AT
W S St , SRS ALK R A B SR G
H1 TR JE 3 50l i T IRAL UK, TRAE A Y
VRl SRS, WO A R BE 2 1 T 2 BT
WiE A SN, BB I LB R N



5534 FHRBEARAE s IR D 1 /K A J2 30 3K 5 R it L 37 ) o7 R 371

g+ OB ‘ Nfk i )2
' | 0 D9
0.7 _ ik & @ Bl NG
E Ty qet @ Wik AT IR L o DI0
0.6 09 ? 20, KB L
@ KU Er
0.5 . @ LR *
' ' o DI2
DI D2 D3 D4 D5 D6 D7 D8
éOcm_)?(_Scrg‘ o 0 O o 0 o0 o
o D13
0 D14
0 DI5
0 DI16
Nk
o
B2 BRHIEREE

Fig. 2 Electrode arrangement
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