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Analysis for Mechanical Behavior of GFRP Rock Bolt for Permanent Support of Tunnel
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Abstract

Rock Bolt generally utilizes deformed reinforcing bar welded from structural steel of which strength is higher than
required for making advantageous use of the support function of ground. In the condition with highly corrosive
underground water, however, problem frequently occurs on tunnel and slope stabilization in terms of repair, rehabilitation
and maintenance issues due to the destruction of Rock Bolt by corrosion of steel. A structural performance evaluation for
GFRP Rock Bolt was conducted for the purpose of resolving the foregoing problem and at the same time developing a

permanently—usable support material.

This study intended to evaluate the safety factor of GFRP Rock Bolt by implementing the slope stability interpretation
via structural analysis on the basis of its structural characteristics derived from both tensile force function test and shear
force function test. It is judged based on the results that GFRP Rock Bolt would secure sufficient ground stability as an

alternative material for existing Steel Rock Bolt.

Keywords : rock bolt, GFRP, tensile force function test, shear function test, slope stability interpretation
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Table 1 Mechanical property of steel rod using rock bolt
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%7 | sSD40 | 400 - 520 570 ol 16 o1

Fig. 1 Shape of GFRP rock bolt
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Fig. 3 GFRP specimen
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Fig. 4 Tension test of GFRP rock bolt
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Fig. 5 Shear specimen

Table 2 Table of concrete mix proportion of shear specimen

W/C Thol A= S kg/mr’)

s/a
(%) w C S G AD

38.5 38.9 145 442 734 1083 3.49

W B C:AWE S ), G #2234, AD @ &34

Table 3 Result of concrete compression test of shear specimen
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(mm) (mm?) (kN) (MPa) (MPa)
1 290 37.0
2 267 34.0
3 261 33.3
100 7850 35.4
4 276 35.1
5 253 32.2
6 320 40.7

Fig. 6 Shape of GFRP rock bolt for shear test
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Fig. 7 Set—up circumstances for shear test of GFRP rock bolt
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Fig. 10 Flow chart of slope stability interpretation using MIDAS/
GTS

Table 4 Property material of rock bolt and steel
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GFRP D20 227 231 226
43,410
GFRP D25 358 260 346
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Table 6 Variable of ground slope for slope stability interpretation
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Table 8 Shear test result of steel and GFRP rock bolt

Fig. 12 Tension test result of GFRP rock bolt

Table 7 Tension test result of steel and GFRP rock bolt

Unit T | T2 | T3 |Average
Breaking
Steel Load kN 254
SD5
D25 enslle 2
Stength N/mm’ 500
Breaking| 228 230 224 227
GFRP Load
D20 Tensile 9
Stength N/mm’ 1,007 1,019 992 1,006
Breaking | g 360 351 363 358
GFRP Load
D25 Tensile 9
Stength N/mm 1,041 1,016 1,050 1,036
400
360
500
250
g M \
T i o T1 R't T2
¥ Sl 4!
&
50 l/‘/y
0
n 2 a 13 ] 11 12 4 18 i3 20 22 24
Displacement (mm)
Fig. 13 Load—displacement curve
(D20 GFRP rock bolt tension test)
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Fig. 14 Load—displacement curve
(D25 GFRP rock bolt tension test)
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Fig. 16 Load—displacement curve
(D20 GFRP rock bolt shear test)
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Fig. 17 Load—displacement curve
(D25 GFRP rock bolt shear test)
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Fig. 18 Slope stability interpretation result of shear stress

Table 9 Result of slope stability interpretation

ARIZARCT) | SEESR Aol | | A m) | HE
737 D25 2.41

45 GFRP D20 10 10 1 2.39
GFRP D25 2.50

A D25 1.95

55 GFRP D20 10 10 1 1.93
GFRP D25 2.00

A D25 1.68

65 GFRP D20 10 10 1 1.67
GFRP D25 1.73

A D25 1.59

75 GFRP D20 10 10 1 1.54
GFRP D25 1.70

slgo] oF 250kN ool o 5o] szl uleh
SEEQ] gxlo] QIiEo] SEE-T2R-E JFH e 3t
IAFS HSl HulskzelA g7 EAEela
GFRP EE D20mm 73-%- Htjddslzo] oF 200kNL.
7 2EEZ AF407 waE= okkS RSt

B AT Sl ol 99l 4wE 543 )
B AfAPEo] Sl 23 Fol )BTl el 24
she Fo) ARAES oY T d g gt sk AR
4SSN Ba) BARS

130 =xszrossx ®148 Me=(2010. 11)

s
i

15 {7

GFRP D20
GFRP D25

05 {7

(7 ST G PR WAL &

GFRP D20

GFRP D25
_ GFRP D25

as° 550 65 7
ApEZAL

L

Fig. 19 Factor of safety in rock bolt of ground slope
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