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A Study on Bending Behavior of Tunnel Support
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Abstract

The tunnel stability concerned with safety is very important in coal production process. The tunnel
supports made by the GI beam has been used in domestic coal mine tunnels, and the GI beam was
connected with another by the fish plate. It is necessary to analysis for the bending problems of the
fish plate due to the rock pressure in some domestic mine tunmels. Therefore, this study proposes the
application possibility of the optimization algorithms for the problem searching a load condition that
bring about bending problem in tunnels. Consequently, in order to investigate the load conditions,
desirability function as one of the optimization methods to study the bending behavior of tunnel

supports was applied.
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Fig. 1 Schematic illustration for structure of
tunnel support

Fig. 2 Section of tunnel support
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Fig. 3 Schematic illustration for bending shape of
tunnel support

Fig. 4 Photograph for bending of tunnel support
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Table 1 Material properties of steel arch tunnel support

Materials GI Beam | Fish plate
Tensile Strength, g ‘ (MPa) 578.2 531.1
Yield Strength, g, (MPa) 386.4 370.0
Young's modulus (GPa) 210 200
Poisson's ratio 0.267 0.266
Elongation (%) 35 26

(a) Boundary conditions

(b) Load conditions

Fig. 5 Boundary and load conditions of tunnel support
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Fig. 6 Flow chart of optimization
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Table 2 Load conditions of tunnel support

Rock load
Hy(m) | p«Pa) | pu(Pa)

Rock condition

5. Very blocky and
Ty Dlocky 231 | 611226 | -
seamy

6. Completely crushed
7.26 |192099.6|68743.1

and chemically intact

H, : Rock load, p.: Vertical load, p, : Horizontal load

Hax B Z&3e aF5E A4 Aoy,
argutel MIFF(7)e 2646 KN/molx, B
EO|(H)E 3.8 m, (B 2.8 mo|th.
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v . vertical load
h : horizontal load

Fig. 7 Schematic illustration for factor
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Table 3 Experiment design and results for tunnel

support
Factors Responses
Exp.
No. | A B c D E &';;) (&m'“)

1 4427.1) 4427.1) 4427.1) 4427.1) 288149) -301.034; 337

2 | 28814.9| 4427.1| 4427.1| 4427.1| 4427.1| -454.503] -5.39

3 4427.1) 28814.9] 4427.1| 4427.1| 4427.1| -191.204{ -333

4 | 28814.9| 28814.9| 4427.1| 4427.1| 28814.9] -206.681| -1.67

5 442711 4427.1| 288149 4427.1| 44271 952 1.35
6 | 28814.9| 4427.1 28814.9| 4427.1} 288149 137 2.85
7 4427.1] 28814.9| 28814.9| 4427.1| 288149 394.189 491
8
9

28814.9| 28814.9| 28814.9] 4427.1| 4427.1| 295.669 2.89

A4427.1| 4427.1| 4427.1| 28814.9| 4427.1 -106| -2.13
10 | 28814.9] 4427.1| 4427.1| 28814.9| 288149 121 3.84
11 4427.1| 28814.9| 4427.17 28814.9| 288149| 275274 4.67
12 | 28814.9| 28814.9| 4427.1| 28814.9] 4427.1| 176.754 2.76
13 4427.1} 4427.1| 28814.9| 288149 288149 4429 9.18
14 | 28814.9( 4427.11 28814.9] 28814.9| 4427.1| 344379 717
15 4427.1) 28814.9| 28814.9| 2881491 4427.1 598.88 9.22
16 | 28814.9| 28814.9| 28814.9| 28814.9| 28814.9 643.368 109
17 4427.1| 16621| 16621 16621| 16621| 185.237 293
18 | 288149 16621| 16621f 16621 16621} 158221 2.75
19 16621 4427.1 16621| 16621| 16621 50| 218
20 16621| 288149 16621 16621| 16621] 285.471 3.78

21 16621 16621 4427.1| 16621| 16621| -156.858( -0.886

22 16621| 16621] 28814.9| 16621] 16621| 369.284 6.04

23 16621| 16621{ 16621{ 4427.1| 16621} -106.481} -0.385

24 16621 16621 16621 28814.9| 16621| 309.827 5.92
25 16621 16621 16621| 16621| 4427.1| 135977 1.92
26 16621 16621} 16621] 16621| 28814.9| 207.481 3.76
27 166211 16621 16621) 16621} 16621) 171.729 2.834
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Fig. 8 Schematic illustration of desirability function
for target value

Fig. 9 Dimension of bending point
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Table 4 Analysis results of boundary conditions for
bending shape of tunnel support

Factors Responses
Case| A B C D E Omax | Smax | Remark
MM O[N] N |(MPa)| (mm)
I 16344|19717(23248|21617[19269| 370.0 | 6.04 R
50 | 22 40 22 31 [ 3726 ] 628 F
I 16580{17841|25434(28814(28814| 5084 | 9.3 R
72 .09 .82 93 94 | 499.8 | 9.24 F
R : Regression, F : FE Analysis
Op""‘a' Wi | 289160400 288185400 288159400 28015 9400
Sl AR FENSR (23240 50 Bt 21751 A5
100% (o] 4427.060 = 4427080  A27.080  AA27.080 4427 06O
HOE - - o —
Targ: 370.0 e // //' -
y = 370.6000 2 .
d=10000 /
(a) Case I
ptimal 00 289150400 288190400 26814

Cur [1“-)80 1199] [1’841 0938} [29434 5230] (28814, 9348] [23814 3400]

10000 g 7.060 7,060 7060 4427.060  4427.060
Hops =S ' P
rog s P p ya
y=9.3000 .
4= 1.0000 ‘ .

(b) Case II
Fig. 10 Optimization results of tunnel support using
MINITAB
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(b) Maximum displacement (6max = 6.28 mm)

Fig. 11 FEM results of tunnel support for Case I
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(b) Maximum displacement (Smx = 9.24 mm)
Fig. 12 FEM results of tunnel support for Case II

(1) B1ER R FIEF dsts, HEAR
dAs e AdI3HE BEFILE, ZF Hrld F
f3le FHaFY IAVE ¥R e HFHg
EAZ ¥t ARy 4F wgoen F
gL dosle F#H3FY a7l FAHsY €Y
AR FIAFTE THHAT

(2) HEéARY FY& YA E F£H55F9
A7) Case 12] 39+ 100.2 kN, Case I19] 3%
L 117.5 KNO.2 A=

(3) AR L3 Y3l 2ol EF
g AAzALE AL A0 dstd, AGAE
H A3 dndEe o8 1 AARAS
A3 5 dATH

il

ok

a1F

(1) XX Coal Mine Co., 2001, "Maintenance of Tunnel
Support”.

(2) Chung Sik Yoo, Yeon Jung Kim, Gyu Jin Bae
and Hong Deuk Moon, 1997, "An Exerimental
Study on Load Bearing Capacity of Lattice Girder
as a Steel Support in Tunnelling,” Korean
Geotechnical Society, Vol. 13, No. 8, pp.163~175.

(3) Dassault system Inc., "CATIA Generative Structure
Analysis,” CATIA V5R14.

(4) Terzaghi K., 1946, "Rock defects and loads on
tunnel supports in rock tunneling with steel support,”
R V. proctor and T white Eds, Commercial
Shearing and Stamping Co., Youngstown, pp.15~99.

(5) Jong Wook Kim, Young Geun Kim, Chung In
Lee, 2002, "Numerical Analysis of Tunnel Stability
for Excavation near Coal Mine," Proceedings of
the KSRM 2002 Spring Annual Meeting, pp.27~36.

(6) Yong I Kim, Young Hoon Yoon, Sang Kook
Cho, Jong Hwa Yang, Nai Yong Lee, 2002, "A
Case Study on Construction of Long Tunnel in
the Youngdong Railroad (Mt. Dongbaek - Dokye),
"Proceedings of the KSRM 2002 Fall Annual
Meeting, pp.16~30.

(7) Tai No Lee and Han Uk Lim, 1993, "The Case
Study on Application of SWELLEX & SWELLEX
Cable Bolt to Support Drifts in Soft Rock of the
Coal Mine, "Korea Society for Rock Mechanics,
Vol 3, pp.1~10.

(8) Minitab Inc., "MINITAB Response Optimizer,"
Minitab R13.

(9) Eretec Inc., 2000, “MINITAB Practical Affairs,”
Eretec, pp.16~27.



