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Material Tests and Stress Analysis on
Rock Slope Collapse at Toyohama Tunnel
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Rock Mechanics Laboratory, Faculty of Engineering, Hokkaido University
Yoshiaki FUJII

Abstract

Material tests were carried out on the specimens sampled from the fracture plane at the acci-
dent site. Based on the results, 2-D stress analysis was carried out on the rock slope. Two col-
lapse mechanisms were assumed and their possibilities were investigated. It was shown, assum-
ing that the fracture plane was a plane of weakness, that increase in pore pressure due to freezing
of the rock surface and freezing of water in the open crack could be included in the factors of the
rock slope collapse, though the number of the specimen was not enough and the model geometry

was not so precise.
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by using an analytical solution.

The stress is evaluated

Table 1 Result of Brazilian test

Specimen | Indirect tensile strength (MPa) Breccia

thbl 0.43 Less than half
thb2 0.37 More than half
thb3 0.36 Few
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Fig. 2 Stress-strain curves for thul under uniaxial compression.

Table 2 Result of uniaxial test. Vp: P-wave velocity in km/sec, UCS : un-
iaxial compressive strength in MPa, E : Young’s modulus in GPa,
v : Poisson’s ratio

Specimen | Vp Uucs | E v Breccia/Fracture mode
thu3 1.34 1.7 09 1032 Few/Not clear

thu2 1.90 4.4 2.0 |[0.13 Half/Not clear

thul 2.52 52 1.9 1022 Half/Grain boundary
thu4 3.14 133 |- - All/Wedge type
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Fig. 3 P-wave velocity vs. uniaxial compressive strength.
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Fig. 4 Stress-strain curve for tht3 under confining pressure of 0. 4MPa.
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Table 3 Result of triaxial test.

ing pressure in MPa,

Vp : P-wave velocity in km/sec,

oy : peak strength in MPa.

05 : confin-

Specimen Vp o3 01 Post failure behavior
tht3 1.56 0.4 33 Strain softening
thtl 1.51 0.5 4.0 Strain softening
tht2 2.40 1.0 7.9 Strain hardening
tht4 2.68 2.0 15.4 | Strain hardening

P_
T

Compressive strength(MPa)
<,

D

Confining pressure(MMPa)

Fig. 5 Confining pressure vs. peak strength.

Table 4 Strength constants based on the results of the triaxial tests. UCS
: uniaxial compressive strength, C: cohesion in MPa,
internal friction in degree.

degree.
Group |UCS |C 0]
1 1.7 0.40 |39.2
2 4.4 0.97 422

¢ : angle of
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M pg RIStk % B 7258 [ Chong, K. P. and Kuruppu, M. D. (1984)] Z#H L7z, EE
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Kic = A*Fpalb (1)
A =0.293+1981 (2)
22T, Fou (N) BBRKAEE, b IHREOES (m), 13/ vyFE (m) THb, £
A (m %) OEIE /) v FORNSERTEBEFENIVEREL TEML WiEVE [ Crouch,
S. L. and Fairhurst, C. (1973)] I & V& L 72
75y s S EEOABRICS s bDEFD TRNLDE TIRBIENEBIIRE ZED
W& BN, BIEOFHHEIZ0.115 MPa*m®®, %% ©120.045 MPa*m®® &7s 572 ( Table 5 )
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Fig. 6 Schematic figure of the fracture toughness test using semi-circular

specimen.
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Fig. 7

Table 5
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Load-displacement curve for thhdl in the fracture toughness test.

Result of fracture toughness test. ‘ma’, ‘br’ and ‘bl’ denote that

the crack tip was in the matrix, in the brown breccia and in the

black breccia, respectively.

Specimen | Tip KIC(MPa*mO-5)
thhd1l bl/bl 0.122
thhd2 bl/ma 0.128
thhd3 br/br 0.055
thhd4 bl/bl 0.159
thhdS bl/ma 0.049
thhd6 br/br 0.050
thhd7 ma/ma 0.043
thhd8 br/ma 0.033
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Fig. 8 Model used in stress analysis.

Table 6 Parameters used in the numerical stress analysis.

Young's modulus 1.6GPa
Poisson's ratio 0.22

Fracture toughness 0.080MPa*m!/2
Angle of friction between crack surfaces 40.7°
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Fig. 9 The maximum and minimum principal stresses on the line A-A’.
Open and solid symbols denote the cases 1 and 2, respectively.

90 ———
80
E 7L
o
q>) -
— 60
50 +
U S SR I R SR S
-1 -0.5 0
Shear stress(MPa)

Fig. 10 Shear stress Ty, on the line A—A’. Open and solid symbols denote
the cases 1 and 2, respectively.
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Fig. 11
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The maximum and minimum principal stresses on the line B-B’.
Open and solid symbols denote the cases 1 and 2, respectively.

p=0.2(MPa) p=0.3(MPa) pi=0.5(MPa) pi=1.0(MPa)

Fig. 12 Prediction on crack growth for the cases 4 to 7.
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