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Table 1 Strength of frozen fracture—free sandstone

i % B & /MPa

/(°C) 0 2 4 8
-5 38.02 41.11 45.00 52.01
-10 40.41 45.00 52.32 60.85
-15 44.78 48.77 56.23 69.03

R2 HRE ARG ERE

Table 2 Strength of frozen fractured sandstone with 0°

dip angle
T B3 /M Pa
/(°C) 0 2 4 8
=5 18.68 22.59 27.61 37.18
-10 24.58 28.77 37.25 41.86
-15 30.24 35.94 41.05 50.27
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Table 3 Strength of frozen fractured sandstone with 15°

dip angle
T B3 5 /M Pa
/(C) 0 2 4 8
-5 14.95 18.45 23.34 30.96
-10 16.74 23.42 27.35 35.45
-15 23.26 27.43 31.48 41.65

x4 FEIMARERERE
Table 4 Strength of frozen fractured sandstone with 30°

dip angle
Y52 A B3 /M Pa
/1(°C) 0 2 4 8
=5 12.58 16.12 20.23 24.83
-10 14.56 18.09 21.56 26.74
-15 18.05 21.58 25.12 30.58
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Table 5 Strength of frozen fractured sandstone with 45°

dip angle
e e PR3 JEE /M Pa
/(°C) 0 2 4 8
=5 11.94 14.77 18.15 22.78
-10 15.03 17.43 21.39 26.28
-15 17.06 19.56 22.34 27.34
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Table 6 Internal friction angle and cohesion of fracture—

free frozen sandstone

WBE/(C) | AT | WEEA/C) | KiRT1/MPa
-5 | y=247x+37.85 25.08 12.04
-10 | y=2.60x +40.54 26.36 12.27
-15 | y=272x+43.82 27.52 13.29

RT CRBREEENENERBMGEN
Table 7 Internal friction angle and cohesion of fractured
frozen sandstone with 0° dip angle
RE/CC) | ahf | NEEM/C) | KiZRT1/MPa
=5 y =2.34x+18.33 23.64 5.99
-10 y =2.42x+25.33 24.52 8.14
-15 y = 2.49x+30.68 25.28 9.72

RS 15°HARBEENENEZRAMMERS
Table 8 Internal friction angle and cohesion of fractured

frozen sandstone with 15° dip angle

WRE/(C)| WU NEEM/C) | KiRII/MPa
-5 | y=2.03x+14.83 19.88 5.20
-10 | y=227x+17.79 22.95 5.89
-15 | y=2.30x+22.89 22.19 7.55

F9 30 ARBERERENEZRMMEN
Table 9 Internal friction angle and cohesion of fractured

frozen sandstone with 30° dip angle

WRIE/(C) | AT | WEEM/C) | KiRT1/MPa
-5 | y=1.36x+12.15 8.77 5.22
-10 | y=143x+15.01 10.19 6.28
-15 | y=1.29x+17.06 7.47 7.48

R10 45°HARERENENEZBIMERA
Table 10 Internal friction angle and cohesion of fractured

frozen sandstone with 45° dip angle

RE/(C) | UETIE | WEESM/C) | KiET1/MPa
-5 y= 1.53x+13.08 12.12 5.29
-10 | y=1.51x+14.94 11.72 6.08
-15 | y= 1.56x+19.37 12.71 7.75
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Fig.3 Relationship curves between strength and confining pressure of fractured frozen sandstone with different dip angles
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Fig.4 Relationship curves between strength and dip angle of fractured frozen sandstone
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Study on the Mechanical Properties of Frozen Fractured Sandstone

YUE Peng
(Theé 6th Engineering Co., Ltd. of China Railway Major Bridge Engineering Group, Changchun 130031)

Abstract In order to derive the influence patterns of confining pressure, fracture dip angle and freezing tempera-
ture on the mechanical properties of the sandstone, this paper uses the triaxial compression test method and theoreti-
cal analysis method to study the changing characteristics of the strength, internal friction angle and cohesion of sand-
stones without fracture and fractured sandstones with dip angles of 0°, 15°, 30° and 45° at frozen temperatures of —
5 °C, =10 °C and —15 °C under different confining pressures. The results show that the strengths of fracture—free and
fractured sandstones increase nonlinearly with deereasing of freezing temperature, decrease nearly linearly with de-
creasing of confining pressure, and decrease with' increasing of fracture dip angle; the cohesions decrease with the in-
crease of the freezing temperature, andboth the internal friction angle and cohesion have the tendency to decrease
first and then increase with the\in¢rease of the fracture dip angle; and the internal friction angles of fracture—free
sandstone and fractured\sandstone with 0° and 15° dip angles all decrease with the increase of the freezing tempera-
ture, the internal friction’ angle of fractured sandstone with 30° dip angle increases first before decreasing with the
decrease of the freezing temperature, and the internal friction angle of fractured sandstone with 45° dip angle de-
creases first before increasing with the decrease of the freezing temperature.

Keywords  Frozen fractured sandstone; Freezing temperature; Fracture dip angle; Confining pressure ; Triaxial

compression test

(L 129T0)

Study on Damage Behaviors of Tunnel Secondary Lining under Rheological
Load

CHENG Gang' WANG Jun®
(1 Sichuan Highway Engineering Consult Supervision Company Ltd., Chengdu 610041; 2 Sichuan Highway-Planning, Survey, Design
and Research Institute Ltd., Chengdu 610041)

Abstract  The rheological effect of soft and weak surrounding rocks ‘caneasily lead to the cracking of tunnel
secondary lining, affecting the safety and durability of the structuré. In view of this, this paper takes the Dujiashan
tunnel on Guangyuan—Gansu Expressway as an example and espablishes a numerical calculation model based on
Weibull damage distribution to investigate the damage evolution behaviors of the secondary lining under rheological
load. The results show that: (1) if the secondary lining is in good contact with the surrounding rock, the lining cracking
area is distributed near the arch waist, arch foot, as well as the top and bottom of the arch respectively when the lateral
pressure coefficients are A=0.5,1 and 2; (2) the cavity has a great impact on the lining cracking area and the order of
the occurrence of the cracking, that is, the cracking is first induced in the concrete near the cavity, and the congréte
at that specific location will all produce quite serious damage; and (3) the influence of the geostress on the'damage
patterns of the secondary lining with cavities can be divided into two kinds: the impact on the grdertof.the occur-
rence of the damage location, but not on the final damage pattern of the structure, or the impact\on-both the order of
the damage occurrence and the final damage pattern of the structure.

Keywords Tunnel; Secondary lining; Rheology load; Damage behaviors; Soft and weak' surrounding rocks
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