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Characteristics of dynamic and accumulative damage of soft

rock-mass for the basement of high speed railway’s tunnel
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Abstract; The similar materials is used to simulate the soft rock-mass on the basement of tunnel in the high
speed railway. Based on the method of loading control and the cyclic loadings of non-symmetrical sine
wave, the dynamic fatigue test of three axial and the damage detection test are carried on for soft rock-mass
specimens. With analysis of the results of tests,the polynomial model with three parameters to calculate the
fatigue life and the polynomial model with four parameters to calculate the cumulative damage are
established for soft rock-masses. And then, some characteristics of fatigue damage has been obtained about
the soft rock-mass, such as the fatigue failure of soft rock-mass mainly shows two composite modes those

are the tension-shear on the end and the compression-shear on the central of specimen. The whole process
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of fatigue damage is shown three stages those are the compaction of initial micro-pore, the occurrence and

stable propagation of new cracks,and the accelerating development of crack damage. The fatigue life of soft

rock-mass mainly depends on itself strength and the level of dynamic stress. The higher strength of itself

and the lower level of dynamic stress,the longer fatigue life of rock-mass will be. If the level of dynamic stress

has not been changed, the fatigue life of soft rock-mass will be increased linearly with its elastic model.

Key words: tunnel of high speed railway; soft rock-mass on the basement; fatigue life; cumulative damage.
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Fig. 1 Samples of similar materials for soft rock
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Tablel Mechanical properties of soft rock samples
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250 J1/MPa /() B#/MPa % /MPa
SY1 0. 204 29.6 146.7 1.62
SY2 0.251 46.5 294.2 3.15
SY3 0. 398 51.5 539.9 5.64
SY4 0.561 51.7 773.8 7.16
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Fig. 2 Fatigue test and failure modes
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Fig.3 Characteristic curves of fatigue tests
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Fig. 4 Developing process of fatigue damage cracks
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Table 4 Fitting parameters of cumulative damage for different strength soft rocks
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SY3 539.9 3. 885 —5.483 2.456 0. 004 D = 3.885 (N/Np)? —5.483 (N/Np? + 2. 456 (N/Np) -+ 0. 004 0.991
SY4 773.8 3. 081 —4, 244 2.012 0. 000 D = 3.081 (N/Np)*® —4.244 (N/Np?+2.012(N/N;) +0.0 0. 981

4 BB W IR TRLBR TR 2 8k e SR E D R DL R B 45

Zhg TE

DY AR L 57 458 07 X 8 205 2R 32 L BB Gl e
T2 57 W VR 23 B i 0 - B 43 5 M A o S -
BTSSR PR 3, A 5 57 1 e A il 4 3R B

EUmE LR 3 A M B

2) T PR A B 5 AR 4 T R R I ik
A DABSE T b s Wl 260 9 55 450403 R A 8 PR IR IR T %
7 U TR AR AT LA S 35 2 ) SRR M Kk T Ry



Shttp://gks.cqu.edu.cn

EARERE R A

# 37 %

P 1O S B DY O 415 A o T 9 T L T e ek B
18 LA K0 3l 7 S5 AR 25

3) BCE 5k L A BT 2 B 69 3l 1 N 1K
IR H % 95 7% A B I AN [ 9 R 25 Y B H
s-1gN & F M 2R BN AR LAY S fE LA HLRT T 3 2
HEZEWIFEE

DR TF AT IRIRE R R AN [ 8 B A5 o R
RIS 8 S IEHIRK D-N/N; RARMMEKAT 4 2
Bk Z AT G R U2 A8 56 2 il 28
5 RBR K-S C R MR A AP ek

=

SE K

(1] TAHLAE. 2N B B0, RG2S A A T Bk B B I AT 42 %2
AT BB 2242012, 35(9) . 104-110.

Ding Z D, Peng I. M, Huang J. Running safety in railway
tunnel with base voids [ J]. Journal of China Railway
Society, 2012,35(9) :104-110. (in Chinese)

[ 2] Ak, s, BT oy B R T8 A 1l 2R DL IR1 40 i B

(). Bki8 TR 241 . 2009,128(5) : 64-68.
Cheng X W.,Dong J. Analyses of the cause for the fracture
of monolithic concrete bed in tunnel and treatment
measures [ ] |. Journal of Railway Engineering Society,
2009,128(5) :64-68. (in Chinese)

[ 3 1 AR Wr, 4% 22 By R S 3 B B e A 4 A LT 1. BEAR
Fi% 38 B AR ,2001,38(5) :42-44.

Zhu W T,Li L Q. Base disease in tunnels and their cause
analysis [ ] ]. Modern Tunneling Technology »2001,38(5) :
42-44. (in Chinese)

[ 4 ] Jones S, Hunt H. Voids at the tunnel-soil interface for
calculation of ground vibration from underground railways
[J]. Journal of Sound and Vibration, 2011, 333 (2):
245-270.

[ 5 1 et , 5 W, 32 S 8 55 BRGE RSP 451 2 0 5 8 TE 1Y

B Ak 5 o #r L], A £ TR 22 4, 2012, 34 (5)
879-884.
Shi C H, Lei M F, Peng L. M. In-situ monitoring and
analysis of mechanical characteristics and deformation of
bottom structure of tunnels [ J]. Chinese Journal of
Geotechnical Engineering, 2012, 34 (5): 879-884. (in
Chinese)

L6 ] atapte, s Wlss, v 8,55, W IR REIEZ] 4R 3 5
b A BARASIB AT (). il 2% 4k ,2011,33(7) : 118-124.
Shi C H, Lei M F, Peng I. M. Study on train vibration
response and cumulative deformation of sand layers of the
tunnel [ J]. Journal of China Railway Society,2011,33(7) :
118-124. (in Chinese)

[7]LeelIW, Lee S H, Kang Y S. Characteristics of roadbed

behaviors of concrete track for high-speed railway [ ] ].

Journal of the Korean Society for Railway, 2006,9(3) :298-
304.

[ 8] Tang Y Q. Yang P, Zhao S K, et al. Characteristics of
deformation of saturated soft clay under the load of
Shanghai subway line No. 2[]]. Environmental Geology,
2008,54(6) :1197-1203.

L9 ] FEug. i 85 48 Bh A 42 3k 2 AR 1052 ) () 3l 5 4

HriJ]. Je st 3@ R 24, 2012,36(4) :12-18.
Wang F. Test and analysis for vibration influence between
HuNing high-speed railway and adjacent existing line [J].
Journal of Beijing Jiao tong University, 2012,36(4);12-
18. (in Chinese)

[107] BR5. 2 i PR L1 3 b I 5 ik PR 3l mig 7 30 37 38 5 0 A

L1 Bl TR Al 2011(8) ¢ 47-52.
Wu Q. Test and analysis of dynamic responses of red clay
cutting bedding of Wuhan- Guangzhou passenger dedicated
line [J]. Journal of Railway Engineering Society, 2011
(8):47-52. (in Chinese)

[11] Kogut J, Degrande G. Haegeman W, et al. In situ
vibration measurements on the high speed track 1.2
Brussels-Koln[ C]// Antwerp: International Association
for Bridge and Structural Engineering, 2003: 15-27.

[12] TAELAE L v L 2N 0 e 3 2K B T R TP K 3 ) i

PR T LT ] B B LR 224 4R B AR B4 . 2013,
38(3):36-41.
Ding Z D, Xie H T, Peng L. M. Dynamic response
properties of soft bedrock of high-speed railway tunnel [ J].
Journal of Kunming University of Science and Technology :
Natural Science Edition, 2013,38(3) :36-41. (in Chinese)

L1370 X7, % - Hb K G A B T g 2 57 42 3l g i 1oz 43 A7 (D .

JICHR < VY e S8 K2, 2011,
Liu Y. The dynamic response analysis of shield tunnel on
soft soil foundation exposed to high-speed train vibration
excitation [ D]. Chendu: Southwest Jiaotong University,
2011. (in Chinese)

[14] & 5. JFUB DA o B £ 8 Jy Rkl 5 43 7 [,

1B TR H,2012,162(3) :22-25.
Zhao Y. Test and analysis of dynamic character of chemical
improved soil of argillaceous siltstone for subgrade of high-
speed railway [J]. Journal of Railway Engineering Society,
2012,162(3) :22-25. (in Chinese)

(157 fF 3k & #H. GB/T 50218—2014 T R4 A0 S b ofi
[S]. 2014.

GB/T 50218—2014 Standard for Engineering Classification
of Rockmasses[ S]. Ministry of Housing and Urban-rural
Development,2014. (in Chinese)

(m# EHH)



