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Study on the mechanical properties of super-thick alluvium and its
influence on the surface subsidence
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Abstract: The surface subsidence caused by mining is closely related to the nature and structure of the
overlying strata and soil layer, and the characteristics of mining subsidence under the condition of super-
thick alluvium is special. By means of geotechnical test and numerical simulation, the mechanical properties
of super-thick alluvium and its influence on the surface subsidence were studied. The shear strength of
clayey soil in Jiaozuo mining area were studied through unconsolidated undrained triaxial test, and the
range of internal friction angle and cohesion force of clayey soil in Jiaozuo mining area were presented.
Taking a panel covered by super-thick alluvium as an example, combined with the triaxial shear test
results, the influences of thickness, friction angle and cohesive force of alluvium on the surface subsidence
were researched. The results of the numerical simulation were compared with the measured results. The
results show that the maximum surface subsidence value increases with the increase of the thickness of

alluvium, and decreases with the increase of the friction angle and cohesive force. This paper combines the
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geotechnical test results of super-thick alluvium mechanical property with the surface subsidence induced by
mining, which has a certain guiding significance for the study of the mining subsidence.
Keywords: super-thick alluvium; mechanical property; surface subsidence; triaxial shear test;

numerical simulation
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Table 1 Theschemes of triaxial shear test

(iR 4
ES [l % /kPa
THE /(g cm ®) EKE/ %

50 1.6 18
100 1.6 20

VE
200 1.6 22
300 1.6 24
50 1.4 20
100 1.5 20

HEZ
200 1.6 20
300 1.7 20

Hp W E—-BHEMEFELSKESHYREZ N LR PR BEMRFE L THE 5 i
RS Z R,

2.2 REAERNE

PRI T FH G 1 PR B A 1 X [ — 5 b 3R K BORS AY  RE A TE IR TR AR P L E 110 °C A9 IR R A
8 hid b Bl s 24t T, Bt T U5 i L ke, FIFLAR 1 mm (9 38840 7 075 347 0% 2 % BREh B 249/ A+
I /INE AR A 2% T L B L DA G B e R B R L K O S G R e BRI T A 1 K R R R — T ) T e Al
K FE AT P4 ) J B R A K B AR IR 18 96,20 % .22 % 4 24 Y (R A, i AR 1 T v i R 24 h AdK
Gy AR A

B —Fh S K R A3 I E 4 AR R T KA TR R 1.6 g/cm® s B IS BUE K B 20 %
MRt # BT %5 By 1.40,1.50,1.60,1.70 g/cm® BYARIE 430 HIAE 4 UK, 25 B A YO 50 2 i 1E 28 4
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Fig. 1 The sample making device and triaxial specimen
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Fig. 2 The specimens before and

after the test
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®2 REFERKENEZHRIEEE(p=1.6 g/cm’)

The stress strain relation curves of samples with different water contents

Table 2 Samples’ shear strengths with different water contents(p=1.6 g/cm*)

(6,—03)¢/kPa

o3/kPa
w=18% w=20% w=22% w=24%
50 156.11 134.32 101.79 84.67
100 255.95 194.88 157.22 119.57
200 390.66 242.65 199.36 142.97
300 495.96 369.18 319.50 255.66




% 6 4 RS, F . ERRKENFRRAL AT RG YA 103

160 = —A— 1 4 gfom? 250
3
3

200
< 120 ? »
Ay ey
< <
) )

o > 150
L 80 I

) E 100

40 50

0 0

3 6 9 12 15 3 6 9 12 15
el% el%
(a) B H50 kPa (b) FIH100 kPa
350 450 [

280 360
) «
< e

= 210 = 270
b b
I I

5 140 5 180

70 90

0 0

3 6 9 12 15 3 6 9 12 15
el% el%
(c) FEIE200 kPa (d) FE 300 kPa

4 FEFZEERENH-MEXR LK

Fig. 4 The stress-strain curves of different dry density specimens
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*3 HKEARDTEEINEHRIBE(w=20%)
Table 3 Samples’ shear strengths with different dry densities(w=20%)

61—03)/kPa
o5 /kPa
e=1.4 g/cm® =15 g/cm’ p=1.6 g/cm’ =17 g/cm’
50 83.69 115.99 134.32 141.11
100 124.75 160.38 194.88 221.13
200 184.79 220.68 242.65 289.80

300 250.31 322.85 369.18 416.26
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Table 4 The internal friction angles and cohesive forces of

samples with different proportions

E oK/ % WIS/ () N2 71 /kPa

18 24.0 27.7

20 19.0 25.2

p=1.60 g/cm®

22 17.6 21.3

24 14.7 19.5
TE T#% /(g em™?) NEEHES /() N J1/kPa

1.4 8.1 29.1

1.5 11.0 41.4
w=20%

1.6 19.0 25.2

1.7 20.1 82.4
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Table S The numerical simulation experiment schemes

% & 41 /kPa PIBEHE AR/ () FAHUZ S/ m
E S 23 20 150,250,350,450
FE 23 10,15,20,25 450
HE= 23,53,83,113 20 450

3.1 HEEIMES

AR AR B TE — B 11011 A T B AR 5 BT 45 00, 25 5 15 i
F & AR YT E S8R 6) , ST R R AN LS B B 1) = 4 1T AR AR
I CRERD 2 B A M) L P 450 m FA B B B (1) = 4 K5 4 A ),
K5,

XF 11011 T AR #4T R AL, GE MK B 1 000 m), fil 7]+ B2
200 m, Ry T B 1k e A 3 B TR AE B AR S L W A TAE
T 18] ) 7 1) 4% 18] Ah P2 500 m, BEALE Rt RE L B R R S
M, A Mohr-Coulumb # WA Sy 340 510 48 2 5 I A A< 30 .

5 450 m ABEEENBEITHER

Fig. 5 Numerical calculation models
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Table 6 Parameters of overlying strata

AE/ O R/ SUIRIEE BUROREE/ R/ NEEEM/

R (kg *+ m®) GPa GPa MPa MPa @
FAHLZ 1800 0.14 0.05 0.01 0.023 20
HURLAD 2 2 485 7.28 5.46 5.12 3.500 36
kLD A 2 682 8.00 6.00 8.21 4.200 37
= 2 570 5.33 3.20 4.35 2.100 32
WA 2 598 2.67 1.60 2.12 1.600 30
B2 1770 0.37 0.19 0.56 0.800 21
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VUi =B 3G Iz B Al 320 L 58 5 v Ak b B Tecplot 360 XF 2 [ iE A7 ) A0 38, ¥ T AR B 1 F T
LR A 6 PR,

[
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Fig. 6 The contour lines of surface subsidence
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Fig. 7 The surface subsidence contrast curves
x7 AEHEEMFENEXTRE
Table 7 The maximum subsidence with different schemes
S BRKFUE/mm  TUER ¢
450 —2 960 0.99
D 350 —2 860 0.95
AFMBIRERE/m 250 —2 610 0.87
150 —2 110 0.70
10 —3 090 1.03
HE 15 —3 070 1.02
AN EESE AR /() 20 —2 960 0.99
25 —2 320 0.77
23 —2 960 0.99
HE= 53 —2 770 0.92
A HER T/ kPa 83 —2 740 0.91
113 —2 710 0.90
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Table 8 The surface subsidence value results of observation line I

- 41U B 95 12 Wl it Tt/
i /m 8 /m mm
1 81.538 80.158 —1 380
2 80.641 79.424 —1 217
3 80.578 79.481 —1097
4 79.833 78.754 —1079
5 81.938 80.581 —1 357
6 82.484 80.150 —2 334
7 8§2.636 80.129 —2 507
8 82.637 80.025 —2612
9 81.453 78.695 —2 758
10 81.555 78.563 —2 992
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JZ IR A N R T B 384 0T /)

3) 3 3 B BT B RN R 12 2 8O0 TP R R OS2 w9 R B S5 2R 0F 5 11011 AR 3R T ii sk
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— RS,
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