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Tab.1 Shear strength parameters of granite tail mud
with different water contents

A~ N BT X
K ACFEEY BRI o
K% HERIL ) KPa ¥, 71/kPa kPa PWEEEEAC)
50 46.17
100 78.05
15 15.2 32.8
200 150.00
300 205.10
50 47.92
100 81.07
20 16.7 32.8
200 147.90
300 208.50
50 42.92
100 59.87
25 26.7 19.1
200 101.60
300 127.50
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Tab.2 Compressive modulus of granite tail mud with dif-
ferent water contents
MPa

i 71/kPa

TIKE Y%
200 300 400 500 600 700 800

20 10.55 12,66 15.19 1899 23.74 27.13 29.22

25 7.60 10.56 12.67 15.84 19.01 21.12 22.36
30 6.35 9.07 10.88 13.60 17.31 18.13 19.63
35 5.60 828 1029 13.60 1731 18.13 19.43
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Tab.3 Compression coefficients of granite tail mud with
different water contents

v 71/kPa

IR %
200 300 400 500 600 700 800
20 0.18 0.150 0.125 0.100 0.080 0.070 0.065
25 025 0.180 0.150 0.120 0.100 0.090 0.085
30 0.30 0.210 0.175 0.140 0.110 0.105 0.097
35 034 0230 0.185 0.140 0.110 0.105 0.098
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Fig. 1 Large-scale direct shear test of polymer gravel test
block
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Tab. 4 Shear strength parameters of the polymer gravel
test blocks with different polymer contents

FEY R KD DI 2
Bit% kPa BiJIMPa  gu2JyMPa  NBERESA/C)
100 0276
200 0347
0 0.147 48.7
300 0.498
400 0.604
100 0.695
200 0.905
10 0.5707 56.7
300 1.054
400 1.153
100 1.520
200 1.682
15 1.4367 472
300 1.776
400 1.849
100 1.680
200 1.812
20 1.6169 39.5
300 1.860
400 1.939
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Fig. 6 Load-settlement curves of tail mud foundation reinforced by polymer gravel pile with different pile parameters
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with different reinforcement methods

i3]

160
—o— [=500 mm
140 - —o— =600 mm
—— [=700 mm
< 120
[=W

S100f
80
60
40

2
0 100 150 200 250 300 350
fai#k/kPa

() RFAIBERL

RN

—o— D=60 mm
140F —— pP=80 mm
—— D=100 mm

120
100 -
60 -
40 -

5 100 150 200 250 300 350

BERELY 71/kPa
g

faf#k/kPa
(b) NFEHEAED
160 -
140
£ 120
=4
=100
2 g0
e

60

=
50 160 1§0 260 2;0 360 3;0
a4k /kPa
(OENEIEE L7251
E10 FEHESHT SR A N E E e it £ o 84
R SR Z%
Fig. 10 Load-—pile end stress curves of tail mud foundation
reinforced by polymer gravel pile under different pi-
le parameters

JE N 17 T [ — e RV E T, Bl B B A T g
RYHB RGN, AR 108 ) o 13X 2 R Ay Bt 25 Ak
R TFIVAEAR (A8 K A 60 A [ 2 ke A L A, 0 L
FIHE R BEIRE E A308N o FE AR R AR AR AR T, Bl
RYB RN, S RPIREN 7RI AK , b
AN T 7= A o 22 R SR G5 M, B T AR A JR) A AR B
FH OISO RE 3 38 BEJEC R 00N
2.5 HERE KRR EN S

11k 2445 28 oA 300 kPa B, AS | i & 28R 11
JFE U0l I A (AR R ] 17 g AR TR b L R 11 AR Ak £k
F P L1 a] DA M - e M 382, i [T 2 ¥ e 3 4 14
& fia) oy A A, AR AT 1 8 11 b 3 = AR 188 i 1 7 R
2, YA R R 8 i R A AR B 1 1y s
A A ] ]y AR P I S, I L i R
JEE PR R A0 RS 2Rk TE 1/4 TR BE BRI, T A A 41 2
b I 1y AR R 1 B ) IR A T [ Y M S A s SR )
FAS A AT ] U0 b s, 3k 2 DR A Ay M e 24 T
BB 2 A G AR T, (AT B for 1% B VR EE AT PR o R 2R
P A A o [T R 98 b R - R 5 1 1% ) AR AT TG Ak W A
B, 33X DR — 35 4 oy 283 L W B A% 3 B AT IS 51 i
B, d B SR W s ME AR L T R b, RE R B AT 4K
S RTBUR = o LY e v Y i /i

700 -

—o— S R e
—o— RELUBE NI FE e i
—o— SRR B FE e Ak

0 50 100 150 200 250 300 350
RN [ [N ) /kPa

11 AEMEFR T AEEN AR RE TR
Fig. 11 Vertical stress of soil versus depth curves under
different reinforcement methods

3 &

o SR A A AT R — R o SR A A T
HEURBOB BN BT X R T R R MDE A ST R TR 5
i A BRI WEFE 1 i SR RE A RS AE i o R Y it
SN IE R I3 M TR BERR A R SR B X
IMERCRE 0, EEAR R LU 458

1) i R A ORI, B A L i 2 2 5
A IBIAL R, SEA AN TG BRI  TCAr AR B4R, HLim 2R
BRSNS AR A FR MK , XA Ji] L A7 AR B 2
SUER  FAEME T SUBIR I 2514 5 [R) et Bl e 2R



198 TRER2ESH AR

%57 %

Py BE B IN , m SRPIEEAE AR B R I

B N Uk AN TR /NI 1 S S

Vi) Py fk T AR, B e 1 Yl b R AR B RR T L N T

M BT S FENE T

2) A FE T AN [ 2 Ve b HE AR A AT o] FE e 5

e SR REA AT [ R 0 b B P e TR £ 03 i b T

67.8% F1 56.6%. Ut HH e S P W A1 HERE {25 HE ik AL B o

U FE R AR RE T, BRSO LU A LT

3) A AR A SR B i RE A AR R T

b BRI R AR S, T LT 4 i TR BT

7 HEE A 500 mm B0 % 700 mm, TRE FTB/N 61.0%~

73.2%; HEAR AN 60 mm B i 2 100 mm, T FE AT 9/

57.7%~T71.3% e SR P42 1t A 10% 3411 2 20% , LR AT

W/ 66.7%~69.9%.

4)FHEC T HEATAE , 2 SR A 7 ) e

KT 59.6% , HEIC I JI K T 202.5%. 7T WL, & S 4

o 1A B, DT AT R H A i 4% 3o ZE IS

J2 5 [A]IRF 30 B, 78 52 B T v A i 15 A A R

B )2 AT L — 2 e R Ve s SR g

SE WK :

[1] Zhan Liangtong, Zhang Bin, Guo Xiaogang, et al. Physical
modeling study on treatment of waste slurry with vacuum
preloading at bottom combined with upper surcharge load-
ing[J].Rock and Soil Mechanics,2020,41(10):3245-3254.
[/ R30S, SRR, 55 RS DRI A L 2 — - A A it
JEAALRIGIISE ], A+ J12%,2020,41(10):3245-3254.]

[2] Xu Huaqing,Huang Zhongyuan,Cheng Luming.Protection
and restoration of mine geological environment—Take Sh-
uangjiangkou fluorite mine of Hunan Wanghua fluorite m-
ining co.,ltd.as an example[J].Journal of University of So-
uth China(Science and Technology),2020,34(6):50-54. [
HETH, B T, R PR W] L M BT PR ORI B
Jiti—— LA p B AR A A PR ) XU I A A
1 g 9] [J]. P A2 22 4 (F AR B2 i), 2020, 34(6): 50
-54.]

[3] Niu Wenjie,Chen Feng,Ning Chenyu,et al.Study on treat-
ment of open pit based on coemented backfilling technol-
ogy of tailings[J].China Mine Engineering,2023,52(2):7-
425 30N, PR, 7= 3 5 6T R AT e 45 Ml LR R 7Y
FERH WA BATSE [0, h E &1L T RE,2023,52(2):7
-14]

[4] Ren Tao,Yang Xiuyu, Qin Shisheng,et al. Study on water
pollution control of abandoned stone coal mine—A case
study of Changde shibantan stone coal mine[J].Journal of
Hebei GEO University,2021,44(3):87-91.[1F ¥ % 75 &2,
FFE S R IR KIS A P R —— LA
A7 KR DAy B[] b Ml BT o7 27 41, 2021,44(3):87
-91.]

[5] ZRWER . 525 MR He X TR N HIIM].2 bt e st rh

HEF T A, 2007:1-9.

[6] Wen Lei,Liu Zhong,Ma Xiaohua,et al. Compressive bear-
ing capacity and load transfer mechanism of stiffened de-
ep cement mixing pile installed in silt[J]. Rock and Soil
Mechanics,2024,45(2):511-524.[ 3047, X11h, TG4, 5 Fh
K v B 5 A B R R R A A% b B R B
LI A 17,2024,45(2):511-524.]

[7] Chen Jinhong,Lei Peng,Wang Shaowen.Theory of consoli-
dating soft foundation by dryly-vibrated macadam piles
and exploration of construction technology[J]. Rock and
Soil Mechanics,2002,23(2):231-233.[ Bk 4 ik, 55 08, £ />
SO HREEATHENN [ L B SRR R T 2R 0.
+ 712£,2002,23(2):231-233.]

[8] Fan Xu, Wang Yongzhi, Liang Xiaocong, et al. Centrifugal
model test study on siltation and plugging of gravel piles
in coral reef sand site[J]. Chinese Journal of Geotechnical
Engineering,2023,45(Supp1):214-217. 38, T k&, 42/
N ZE IR A 37 A B T 1 O AR R R AT 5
[0]. &+ THR,2023, 453 T 1):214-217.]

[9] Ying Hongwei, Yan Xuzheng,Zhou Jian,et al.Study on cal-
culation parameters of composite foundation with gravel
pile in soft soil of dam[J].Rock and Soil Mechanics,2023,
44(Supp1):669-677.[ N Z 1, 12 LB, J8 2, 45 . B 4k +
PEAE S S M B R SR IE (0], 1+ 01%,2023,44(
Fi11):669-677.]

[10] Zhou Zhigang, Zhang Qisen. Analysis on the bearing ca-
pacity of geogrid reinforced stone column[J]. Chinese Jo-
urnal of Geotechnical Engineering,1997,19(1):58-62.

[11] Yang Rong,Zhang Jianjing,Wang Zhijia,et al. Bearing char-
acteristics of composite ground of pulverized clay-geo-
synthetic encased stone columns[J]. Science Technology
and Engineering,2023,23(19):8358-8369.[# ¥4, ik # £,
FEE A B b AT RT R A 5 s B K
AR Bl R 5 T E,2023,23(19):8358-8369.]

[12] van Impe W F.Soil improvement techniques and their evo-
lution[M].Rotterdam:Balkema,1989:66-75.

[13] Zhao Minghua, Gu Meixiang,Zhang Ling,et al. Model tests on
influence of vertical geosynthetic-encasement on performance
of stone columns[J].Chinese Journal of Geotechnical Engineer-
ing,2014,36(9):1587—1593. [ W]4E JB G, 5K 3%, 55 . B 1) +
TR A BE AR AT 5 00 AR IR AT 0],
+ TFE=H,2014,36(9): 1587-1593.]

[14] Liu Hanlong, Chen Yonghui. Grouting gravel pile technol-
ogy and its application[J]. Geotechnical Engineering Wo-
11d,2006(7):27-30. [ XU, B 7 . 3 18T e A Ak 15 R K
R ). A+ TR A,2006(7):27-30.]

[15] Zuo Weilong, Liu Hanlong, Chen Yonghui. Field testing
analysis of grouting impact range of grouting gravel pile
[J].Rock and Soil Mechanics,2008,29(12):3329-3332.[Z
JIe XD e R KO . 5 T T4 A A RSP T2 3K 2 W S ]
o [J]. /A £ 1%%,2008,29(12):3329-3332.]

[16] Liu Hanlong,Long Yonghong,Ding Xuanming,et al. Analy-



55 6 14

SRR, 25 « SRR LN 46 b o 2 e L AR R 1 199

sis of settlement and deformation of composite foundation
reinforced by cement-stabilized gravel pile for soft soil
base of high-speed railway under a complex construction
environment[J]. High Speed Railway Technology,2022,13
(4):8=12.[XI U, Je 2L, T e W56 B2 2% TRRIE T
SRR B i R T A A S R o T R AR T S
BrI]. k1R ,2022,13(4):8-12.]

[17] Wen Shiqing, Liu Hanlong, Chen Yumin. Influence of grout
permeation on grouted gravel pile[J].Journal of Disaster Pre-
vention and Mitigation Engineering,2012,32(2):158-163.[
T XD, R R R A B 3R B 8 5 7 A
[J]. Bl I T AR F4,2012,32(2):158-163.]

[18] Wang Fuming, Fang Hongyuan, Cao Kai, et al. Model tests
and numerical analyses of polymer gravel piles[J].Chinese
Journal of Geotechnical Engineering,2018,40(Supp2):1-5.
[(ESZW], 5 e, B L5 . o SR A A A 0 M (.
MM AR AR,2018,40(5 111 2):1-5.]

[19] Wang Juan,Li Xun,Fang Hongyuan,et al. Statistical charac-
teristics of polymer grouting material microstructure[J]. Ad-
vances in Civil Engineering,2020,2020(1):8847494.

[20] Lv Xiping,Zhang Rongli,Li Shanqgiang. Application of poly-
mer grouting technology in disease treatment for composite
pavement of reconstruction and expansion project[J]. Guang-
dong Highway Communications,2020,46(2):18-23.[ & #°F-,
TR, A8 R R R HORTE S S U T ey
AR FAL I T AN I[T). ) AR A 538, 2020,46(2): 18
-23.]

[21] Pan Yanhui, Wang Fuming,Zang Quansheng,et al. Analysis on
non-reactive polymer grouting technology in the remediation
of leakage for the gallery of Bangiao Reservoir[J]. Yellow Ri-
ver,2023,45(12):130—134. [ Hi , 1. 52 W] 42 i, 55 AR K
S5 2K e SR BEARATR 7K SRR 8 T 20 B [0,
B, 2023,45(12):130-134.]

[22] Zeng Zhi,Li Shuming,Zheng Xinguo,et al.Study on shear
bond properties of polymer grouting materials for uplift of
ballastless track structure[J]. Railway Engineering, 2020,
60(7): 139—142. [ 35, 2= 45 B KR [, 45 . TCHE B iE 254
5 THH R SR TE AR BT D B S5 PERENIT T )], Bl
44,2020,60(7):139-142.]

[23] Hu Dengping, Guo Chengchao. Composition and property
analysis of polyurethane composites for construction engi-
neering[J]. Engineering Plastics Application, 2019, 47(8):
109~ 113. [AXEF i . (2 5T T F R & 2 5 bR
(¥ B2 53 K P E 43 BT (1], T2 RL R JH,2019,47(8): 109
-113.]

[24] Zhang Chao, Pan Wang, Fang Hongyuan, et al. Research
progress of the cell structure characteristics and compres-
sive properties of polyurethane foam grouting rehabilita-
tion materials[J]. Materials Reports,2024,38(3):225-238.
(5K, IR I, 7 250, 5 SR AR IR SR B AR fL4S
AR S A0 s P RE AT 5 JiE (D). B4R :412,2024,38(3):
225-238.]

[25] Gholam— Abbas Shotorbani A, Shariatmadari N, Karimpo-
ur—Fard M, et al.Influence of polyurethane in the polymer-
ization process for poorly graded sand stabilization and ce-
menting[J].ArabianJournal of Geosciences,2023,16(6):380.

[26] Huang Silu, Bachtiar E V,Yan Libo,et al. Bond behaviour
and thermal stability of flax/glass hybrid fibre reinforced
polymer—timber structures connected by polyurethane[J].
Construction and Building Materials,2022,322:126456.

[27] Wang Juan, Fang Hongyuan, Yu Zisen, et al. Experimental
study on uniaxial compressive properties of polymer gra-
vel mixtures[J].Journal of Building Materials,2019,22(2):
320-326.[ £48, 07 R 1L, 4% F AR5 . e R RS ORL
A2 FE R REIR S0 B 73 []. B ST B2 410,2019,22(2):320
-326.]

[28] Ai Shigang, Tang Liqun,Mao Yiqi,et al. Effect of aggregate
distribution and shape on failure behavior of polyurethane
polymer concrete under tension[J]. Computational Materials
Science,2013,67:133-139.

[29] Fang Hongyuan, Yu Zisen, Wang Juan, et al. Effects of cru-
shed stones on the compression properties of polymer grout
materials[J].Construction and Building Materials,2021,271:
121517.

[30] Liu Yong. Experimental properties investigation of poly-
urethane polymer and concrete[D]. Zhengzhou: Zhengzhou
University,2009.[X1| 55 . R 2 i SR A L S HARBE 1
FAPERBIEGAFFE[D]. A RN K 22,2009.]

Model Test Study on Granite Tail Mud Foundation Reinforced by Polymer Gravel Piles
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Abstract:

Objective The backfill treatment of surrounding mining pits represents an emerging land-use strategy. Utilizing tailings stored in mining areas as

backfill material reduces construction costs and addresses the challenge of tail mud disposal. Polymer gravel piles provide high strength, rapid for-

mation, and maintenance-free performance after completion, meeting the requirements of complex foundation treatment. Model tests are con-

ducted to investigate the reinforcement mechanism and bearing characteristics of polymer gravel piles in such foundations to verify the effective-
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ness and feasibility of polymer gravel piles in treating granite tail mud foundations. The influence of pile length, pile diameter, and polymer con-
tent on reinforcement performance is analyzed. The findings provide a potential technical solution for ecological restoration and land develop-
ment of mine surfaces.

Methods The materials of the model pile were gravel and polymer, and the maximum particle size of the gravel was controlled within 10 mm.
The test gravel was screened with a standard sieve, and gravels with particle sizes of 5~10 mm were selected as the pile material. The polymer
was a non-aqueous reaction-type two-component polymer, which was mixed with polyol and isocyanate at a mass ratio of 1:1. After a specific pe-
riod, a foam-solidified substance was formed. The polymer crushed stone pile was formed by mixing the polymer with gravel. First, direct shear
tests and consolidation tests were conducted on granite tail mud with different moisture contents to obtain the shear strength index, compression
modulus, and compression coefficient of the granite tailings. Then, shear strength tests were performed on polymer gravel specimens with differ-
ent polymer contents to determine their shear strength using a DZJ-300 type large direct shear instrument. Then, a total of nine sets of model test
schemes for the unreinforced tail mud foundation, the tail mud foundation reinforced by gravel pile, and the tail mud foundation reinforced by
polymer gravel pile were designed, and model tests were conducted to study the reinforcement of the granite tail mud foundation using different
reinforcement methods. A jack and reaction device were employed to load the foundation model, displacement meters were utilized to record the
foundation settlement, and earth pressure boxes were utilized to record the stresses at the pile top, pile bottom, and pile side. The effects of pile
length, pile diameter, and polymer content of the polymer gravel piles were analyzed. Finally, the bearing characteristics of the reinforced founda-
tion were tested, including the measurement and analysis of parameters such as settlement and pile bottom stress.

Results and Discussions After the static load test, it was observed from the excavated piles that the polymer material reacted to form a well-
connected and uniform pile with good integrity. The overall shape of the pile was cylindrical, and no defects or necking phenomena appeared on
the pile surface, indicating a complete pile structure. During the reaction process, the polymer materials bonded with the surrounding soil, and
their volume expanded, producing a compaction effect on the soil around the pile. This process formed a jagged structure on the pile surface,
which increased the contact area between the pile and soil, improving the bearing capacity of the tail mud foundation. As the density of the poly-
mer increases, the cementation and compaction effects also become stronger. Based on the test results, the final settlement of the tail mud founda-
tion reinforced with the gravel pile was 98.62 mm, whereas the final settlement of the tail mud foundation reinforced with the polymer gravel pile
was 42.78 mm. The reinforcement effect of the polymer gravel pile was significantly better than that of the traditional gravel pile, resulting in a
56.6% reduction in final settlement. It was evident that the bearing capacity of the granite tail mud foundation increased substantially after rein-
forcement with polymer gravel piles. As the load gradually increased, the stress ratio of the gravel pile to soil for the gravel pile exhibited a
slower growth trend, eventually reaching 3.32, whereas the stress ratio for the polymer gravel pile showed a linear growth trend, eventually reach-
ing 5.30, which was 59.6% higher than that of the gravel pile. With the increase in load, the pile bottom stress also increased gradually. When the
load reached 300 kPa, the pile bottom stress for the polymer gravel pile and the gravel pile were 121 kPa and 40 kPa, respectively. It was evident
that the pile bottom stress of the polymer gravel pile increased by 202.5% compared to the gravel pile. From the curve of soil vertical stress varia-
tion along the depth of the model foundation, it was observed that the vertical stress in the soil was mainly concentrated in the upper part of the
foundation and rapidly attenuated with increasing foundation depth. The length, diameter, and polymer content of the piles have a significant im-
pact on the reinforcement effect. As these parameters increase, the reinforcement effect also improves accordingly. The research findings provided
a new technical approach for surface ecological restoration and land development of abandoned mine pits, demonstrating broad application po-
tential.

Conclusions This study confirms the effectiveness of polymer gravel piles in improving granite tail mud foundations through model testing. The results
reveal that polymer gravel piles significantly enhance the bearing capacity of the foundation and effectively reduce its settlement. In addition, pile length,
pile diameter, and polymer content are critical factors influencing the reinforcement performance. Therefore, in practical engineering applications, appro-
priate parameter combinations should be selected based on site-specific conditions to achieve optimal reinforcement outcomes.

Key words: polymer gravel piles; granite tail mud; foundation treatment; static load model test
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