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[ Abstract] Reinforcement and water sealing effect difficult to achieve by conventional stratum grouting method in strong seepage
sandy soil stratum. In order to study the mechanical characteristics of freezing-grouting combination in water-rich sand stratum, the
stress-strain relationship and its influencing factors of artificially frozen cement sand were studied by triaxial tests, and the variation law
and strength mechanism of stress-strain relationship of samples under different freezing temperature, curing age and confining pressure
were discussed. The results show that the stress-strain curve of frozen cement-sand has a certain strain-hardened nonlinear ductility
stage including compaction stage linear elasticity stage nonlinear ductility stage and strain-hardening stage. The non-linear increase of
cohesion and internal angle of frozen cement-sand due to the curing age of freezing temperature increases the shear strength of frozen
cement-sand, and the non-linear ductility phase strain ratio enhances the brittleness of frozen cement-sand. The increase of confining
pressure increases the shear strength of frozen cement-sand, and the proportion of strain in nonlinear ductility stage improves the
ductility of frozen cement-sand. Based on Mohr-Coulomb strength criterion, a non-linear strength prediction model of frozen cement
sand was established, which considered the influence of freezing temperature and curing age. The error between the predicted results
and the measured values is less than 5% The research results can provide parameter support for the fine design of freezing-grouting
combined reinforcement scheme for water-rich sandy soil stratum.
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Table 1 Basic physical properties indexes of

water-rich sand soil
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Table 2 Grain size of sand soil
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Fig. 1 Grading of sand and soil particles
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Table 3 Chemical composition of cement
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Table 4 Test protocol
s TRES IR BE IR L/ C FE/kPa  FRyARH/d
1 0 100 3
2 -5 200 7
3 -10 300 14
4 -15 400 28
5 -20 500 —

5 Fa M 1k . www. stae. com. cn



2025,25(8)

B IRES KV Ry AR O FR R HE e R 3361

K GDS =5l T = h IR 4 i 56, BRI 5
AIEWME

B AR R T AR AR Lt T 52 bR
TGS TR E KR B T AR BT LA
BAEEBCH AR SR F IR 0. 55 B KIK L, e il
12% K8 A il Re , E 17 58 78, il ok e b +
+ ¥,

B2 HIRE, FECH R Ry R R
@50 mm x 100 mm (XA I 78 0 R 465, 14T b o
TP Z A R

FBI P KR ER KRR
AR AR 7R U R 24 h DL L

HB4 WA, A ARG HLXHER 24 h 58
A KU LR T IR, N IR 5 T Pl BT
A1 70 404 fik | K 3 RF 26 10 FH D 4R 3T B8 T8, IR E AT

i e Ab 2
FEBS WK, L1 mm/min BERIETINE,

HE RN, B0 (F 5% 5 0 W BR BT R SR B, S B
TR RCYE B HER PR T B 06 aR 22, B IR % 3 N
TR R DBk S 5 B o, e 20 B (1 B LS 34 1
2 HREKEWMEINA-MNETXRT

bIIKE
2.1 FEKRBWENA-METHETSSE

FEAR I 3 B 26 2R, R &5 7K R A = B 7 o AR
2k BRI AR AL T ] 2 R - 10 C &R
IR L (U w1 RV R e s VA B IV a0 111 2 S X NI e
N4 ALY B D R 25 B B . i RE 58 S, 1R
L Z RIS SR A7 A6 FL B R B 58 4 78, 78 1050 in 254
W RRE AR T — /D B 4 % s AR, kb 2
FEI A SN AR B0, R B K e B AN 5 @ 2 s M By
BE o Aw N ) K S BAR B, R T B R AR 5T R 2k 1 4
KR4 E R AR R R & A e IR B IR
QFE e Pk P By Bt - iR K A i e, it 3 0L A% 348
TRE O R 8 ¥ 17 28 e, I ) R AR il 2k B
— 7 NLAR B OF S B B, AR B BN R N T IR
FNWEAE , I DL AE N FE BT BY 58 ) s @B IR B B 2 ik
R IR SRR DI S R Y SE o a2 g |
FhaE., iz B, W N ) e 2t TR e (a4
JFR AR

A EC AR50+, R4t K TR D 4 B 0y i R (B
B, S P AR b AR 38 R R B OR, Al e ME RE 1 By
B g, R ETFH B MM IE, XA 2
H1 - 10 °C JBl 500 kPa 214 T W& 1 g 07 A8 il £k
TR ARG KRS L BB 5k B 2 b R 4%
WA 3 4%, i 2.7 MPa 3G F] 8. 4 MPa; £k 5 1 By

3.0

—&— 500 kPa

0 2 4 6 8§ 10 12 14 16 18 20
RAR/%
(a) BURRE5HP 1 7 AR 1 28(-10 C)

N aatan ™

HELR I SE PR B

—o— 500 kPa

WY B

N F1/MPa

54 5 6 7 8 9 10 1
JS2%/%
(b) PRGKUERD L R ) RLAE #iZ(14 . ~10 C)
B2 URES KR AD + R 45 AP £ I Fy Ry A i 46
Fig.2  Stress and strain curves of frozen cement sand and
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Fig. 3  Stress and strain curves of frozen cement sand at different freezing ambient temperatures (14 d)
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freezing ambient temperature (14 d)
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Fig. 8 Stress and strain curve of frozen cement sand under different curing age conditions
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