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Abstract: This paper aims to solve the poor toughness, small compressibility of high-water material. Based
on the analysis of the failure characteristics of the backfilling body, the roadside backfilling body was
divided into the yieldlayer and the support layer by the “yielding resistance” supporting mechanism.
Orthogonal method was adopted to improve the high-water material performance, and the microstructure
of the consolidated material before and after modification was compared. At the same time, simulation tests
were conducted to obtain the optimal supporting conditions and material mechanical properties of
backfilling body under lateral constraint conditions. The results showed that foaming agents and fibers had

no effect on the formation of ettringite and other hydration products. The 28 days strength of the improved
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support layer consolidate body reached 12.18 MPa and the expansion rate of the yielding layer was
9.60%. The surface displacement of the optimal support combination under lateral constraint was
3.65%. The following industrial test indicated that the lateral surface displacement of filling body was only
229 mm, and the roof subsidence was controlled at about 216 mm. The high water material after
modification can well meet the requirements of gob-side entry retaining.
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Fig. 1 Failure schematic diagram of filling body in site
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Table 1 Level of factors in orthogonal test

(S
7K
KK E KA/ % 24/ % TR/ %
1 1.00:1.00 0.03 0.2 0.5
2 1.00 :1.00 0.06 0.4 1.0

3 1.00 :1.00 0.09 0.6 1.5
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k1
SIS
K-
JKIK E R/ % 214/ % RLsg R/ %
4 1.25:1.00 0.03 0.4 1.5
5 1.25:1.00 0.06 0.6 0.5
6 1.25:1.00 0.09 0.2 1.0
7 1.50 :1.00 0.03 0.6 1.0
8 1.50 :1.00 0.06 0.2 1.5
9 1.50 :1.00 0.09 0.4 0.5

x2 EXRKBER
Table 2 Orthogonal test results

WS BEERS [/ min) AR/ 2% 28 d 5 )& /MPa WS BEER [/ min IR/ % 28 d 5% )& /MPa
1 180 3.10 12.18 6 210 9.60 8.98
2 110 8.74 11.51 7 390 9.87 8.51
3 50 7.58 10.95 8 195 12.11 6.97
4 150 6.39 10.32 9 410 15.51 5.44
5 375 9.21 9.29
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Fig. 2 Uniaxial compressive stress-strain curves of samples 1 d, 7 d and 28 d
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Table 3 Physical and mechanical parameters of uniaxial compression test of filling materials

w19 /d 2051 WEEBE P/ MPa BRI /GPa ZJEHR /GPa 10%e THA L
25 A 6.820 1.429 2.757 5.170 0.151

1 FEA R 7.110 1.451 2.796 5.630 0.081
bR TR 4.634 0.682 0.344 7.240 0.026

A 10.287 2.104 3.086 4.850 0.124

7 IR Z 10.740 2.240 3.186 5.870 0.099
R AL 7.208 1.749 1.524 6.280 0.110

25 13.665 2.230 3.614 5.110 0.244

28 FEAAA R 14.370 2.590 3.891 5.840 0.211
TE R TR 9.867 1.469 1.265 6.910 0.164
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Fig. 3 Microstructure of consolidation body of original high-water material
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Fig. 4 Microstructure of consolidation body of modified high-water material
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Table 4 The test plan of sample lateral restraint

G Xt 2 4 A A B A 1
W BEDE/mm A% HEBE/mm o
A-2 0 — 0 — 0
A3 9 90(90) 0 — 0
A5 9 90(90) 6 90 0
A7 9 90(90) 6 90 2

Bs5 RERKFERKEESR

Fig. 5 Test sample and test device
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Table 5 Deformation and damage and surface displacement of each group of samples

R MR KB/ mm SRR/ 00 WEMAT/AR WA/ WA

A-2 25.33 15.17 0 0 T
A-3 11.48 6.87 9 0 g
A-5 8.62 5.16 9 6 T
A-7 6.09 3.65 9 6 A
A-2
25 -
20 L
E15t
2 A-3
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E A7
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Fig. 7 The curve of transverse displacement with stress change of sample
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Fig. 10 Surface displacement curve of the station roadway before the modifition
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Fig 11 Surface displacement curve of the station roadway after the modification
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