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FAILURE MECHANISM AND SCOPE PREDICTION MODEL OF HORIZONTAL
INTERBEDDED SURROUNDING ROCK TUNNEL"

Wang Jiachen ? Zhang Dingli ¥ Sun Zhenyu Fang Huangcheng Liu Chang
( Key Laboratory of Urban Underground Engineering of Ministry of Education, Beijing Jiaotong University, Beijing 100044, China)

Abstract Due to the remarkable bedding structure of horizontal interbedded surrounding rock, the failure form of
horizontal interbedded surrounding rock is quite different from that of homogeneous surrounding rock. The current
research on horizontal interbedded surrounding rock focuses on a single failure mode, without considering the diversity
of failure modes. In order to explore the failure area of horizontal interbedded surrounding rock, firstly, it is divided into
single-layer surrounding rock to analysis according to its bedding plane. The horizontal interbedded surrounding rock
failure is divided into three typical failure modes: tensile failure, shear failure at wedge boundary and shear failure at arch
boundary. The rock beam-tension analysis model and the arch key block-shear analysis model are established
respectively to analysis the failure of single-layer surrounding rock, and the corresponding failure criteria are proposed.
And use the slump coefficient and critical height to study the division conditions of different failure modes. This method

is applied to mine channel and tunnel engineering examples, and compared with the existing methods to verify the
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reliability of the failure mechanism model of single-layer surrounding rock. At the same time, it is substituted into the
example of abscission damage calculation to verify the practicability of the failure mechanism model of single-layer
surrounding rock. Based on this, a horizontal interbedded surrounding rock failure model is established by combining the
interlayer continuous conditions and the failure rest conditions of the failure range. The above horizontal interbedded
surrounding rock failure model is applied to the example of Bulianta mine roadway, and the results show that the
horizontal interbedded surrounding rock failure range predicted by this method is in good agreement with the numerical
simulation results and the actual collapse situation. The research achievements can provide a theoretical basis for the

design of support scheme of tunnel in horizontal interbedded surrounding rock.

Key words failure mechanism of surrounding rock, interbedded surrounding rock, collapse range, theoretical analysis,

project case verification
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Fig. 1 Mechanical model of roof rock beam
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Table 1 Parameters of surrounding rock of a mine

E/GPa q/MPa Lateral factor p/(kg'm™>) Cohesion/MPa  ¢/(°)

1.2 0.262 0.50 2620 0.4 35
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Fig. 5 Collapse failure curve in the mine instance
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Table 2 Collapse height in the mine instance

hy/m
Rock beam type hym  hy/m
method I method2  method 3
model 1 0.20 0.71 0.36
0.95 1.65
model 2 0.35 0.88 0.44
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Table 3 Parameters of rock of Daliangmao tunnel

E/GPa q/MPa Lateral factor p/(kgm™>) Cohesion/MPa  ¢/(°)

5 0.60 0.30 2300 0.40 35
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Table 4 Collapse height in Daliangmao tunnel instance

hy/m
Rock beam type hym  hy/m
method I method2  method 3
model 1 0.78 1.10 0.90
1.3 3.1
model 2 1.34 1.35 1.10
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Fig. 6 Collapse failure curve in Daliangmao tunnel instance
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Fig. 7 Relationship between slump coefficient K, and critical height in
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Table 5 Critical thickness difference between two cases

hy/m

Rock beam type hym  hy/m
method 1 method2  method 3
model 1 0.58 0.39 0.44
0.35 1.45
model 2 0.99 0.47 0.66
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Table 6 Parameters of surrounding rock of case

Rock name  E/MPa p/(kgm™) C/MPa ¢/(°) Cumulative height/m
sandy mudstone 3000 2200 0.5 48 5
coarse sandstone 2000 2400 1.5 40 0.5
mudstone 1000 2270 0.5 20 0.5
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Fig. 8 Schematic diagram of separation failure case
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Fig. 9 Failure model of interbedded surrounding rock
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Fig. 11 Schematic diagram of numerical simulation
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Table 7 Parameters of surrounding rock of Bulianta mine - simulation
- : shear angle — = —
Rock name E/MPa  pl(kgm™) C/MPa  ¢/(°) height/m il , . - ‘ 4 )
: =00 coal seam
coarse sandstone 3000 2200 0.5 48 11.72 V. v
_ sandy mudstone
siltstone 4000 2400 15 30 0.2 excavation span fine sand
< coarse sandstone
sandy mudstone 2500 2270 1.0 40 0.4
mudstone
10 coal 1900 1450 0.5 20 0.4 )
12 FMEEY B A R TEH
mudstone 2700 2500 20 37 0.2 Fig. 12 Damage area of surrounding rock in Bulianta Mine
sandy mudstone 2500 2270 1.0 40 0.77
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=== A} ST Y y v
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TR B VIR A AT & S B DL
12 coal 1900 1450 0.5 20 4.6
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Fig. 13 Influence of vertical load and supporting force on /;
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Table 8 Fitting function of vertical and supporting force

Relationship between vertical
gi/kPa .. . Correlation coefficient
stress and critical height A,

0 Y; =-0.1013x>+0.716 1x + 0.3819 R*=0.9997
50 Y, =-0.1090x> + 0.746 7x + 0.333 4 R*=0.9997
100 Y;=-0.1179x*+0.781 1x + 0.2814 R2=0.9996
150 Y;=-0.1283x% + 0.8202x + 0.2253 R*=0.9995
200 Ys=—0.1405x* + 0.8654x + 0.164 1 R*=0.9993
250 Ys=-0.1551x>+0.9183x + 0.096 6 R2=0.9991
300 Y;=-0.1730x> + 0.981 6x + 0.0207 R*=0.9988
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Fig. 14 influence of tensile strength and width on /4,
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Table 9 Fitting function of tensile strength and width

Relationship between tensile . )
b/m . . Correlation coefficient
strength and critical height 7,

1 Y, =-0.0049x +0.1049x>-0.779 1x + 2.8144 R*=0.9906
2 ¥, =-0.0069x°+0.1483x>-1.101 8x +3.980 1 R*=0.9906
3 Y3=-0.0074x° + 0.1602x>~1.190 0x + 4.2990 R*=0.9906
4 Y,=-0.0077x +0.1659x>~1.231 8x + 4.4499 R*=0.9906
5 Ys=-0.0078x° +0.169 1x>~1.256 2x + 4.5380 R*=0.9906
6 Ys=-0.0079x+0.1713x>-1.2722x + 4.5959 R*=0.9906
7 Y¥,=-0.0080x> +0.172 8x>~1.283 5x + 4.6367 R*=0.9906
8 Y3 =-0.0080x> +0.1739x>~1.2919x + 4.667 1 R*=10.9906
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Table 10  Fitting function about 4, and /; when the internal
friction angle is 30°, 40°, 50°

Relationship between cohesion

and critical height

30° Y, =0.0004x°>-0.0103x + 1.0312 0.9986
hy 40° Y, =0.0005 x*~0.0120x +0.9790 0.9994
50° Y3 =0.0004x?-0.009 4x + 0.9629 0.9995
30° Y, =-0.006 1x>-0.091 1x + 3.8233 0.9995
hy 40° Y, =-0.0063x?-0.069 9x + 3.294 8 0.9990
50° Y3 =-0.0084x?>-0.037 1x + 2.8290 0.9938
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