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Abstract

China has a vast territory. In the high altitude area of western China, the temperature changes ob-
viously day and night, and the freeze-thaw cycle is ubiquitous. The freeze-thaw action will se-
riously affect the physico-mechanical properties of fractured rock mass and greatly increase the
difficulty of geotechnical engineering construction. At present, a part of the Sichuan-Tibet railway
under construction is just in the high and cold region, therefore, it is of more and more practical
engineering application value to study the influence of freeze-thaw action on the strength and sta-
bility of fractured rock mass. However, most of the relevant previous studies focus on theoretical
analysis and laboratory tests, while the computational analysis based on numerical simulation is
still rarely reported. Owing to these reasons, this paper is based on FLAC3P (finite difference soft-
ware and strain softening constitutionality model), and uniaxial compressive simulation tests
have been carried out for rock masses with different fracture dips after different freeze-thaw
cycles. Then the damage and failure characteristics of fractured rock mass under the action of
freeze-thaw cycles and load coupling have been analyzed and summarized by the stress-strain
curve, peak stress, residual stress and the development law of plastic zone by using the data ob-
tained in the simulation test. The results show that the freeze-thaw effect can significantly reduce
the strength of fractured rock mass and accelerate the failure process, and its influence will be-
come more prominent with the increase of freeze-thaw cycles.
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Table 1. Initial mechanical parameters of coarse sandstone

1. ARENBENFEEH

PR 5 (E/GPa) MEV /R AY B (p/kg'm ™) $5 5 71 (c/MPa) R 1 (/%) YIPLE (6,/MPa)
18 0.3 2500 21 45 1.2
E' 1
E l+na #3)

R E RIS MR B, E VWA R, o WRLHIE S, F R e = N(a+n(Aa))’, a
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Table 2. Numerical model parameters
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WRIEHmS  FEEKB@)  EE@ekgm®) AR E(K/GPa) YR E(G/GPa) KR JI(c/MPa)  PIEEHE S (p/)

1 0 2500 15 6.9 21 45
2 30 2500 12.5 5.8 17.5 45
3 60 2500 92 4.2 16 45
4 90 2500 6.7 3.1 15 45
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KI5y 5e e, e AR B 134 N5 AL, 393 ARG R Y 0° I A AR 10,334 N1 AN, 46,226
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Figure 1. The models with different fracture dip (Unit: mm)
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Figure 3. The numerical model after boundary conditions are set
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Figure 4. Stress-strain curve of the complete rock mass
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Figure 5. Stress-strain curve of rock mass with 30° fractured
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Figure 6. Relationship between peak strength and the number of freeze-thaw cycles
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Figure 7. Relationship between residual strength and the number of freeze-thaw
cycles
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Figure 8. The plastic zone development of 30° fractured rock mass after 0 freezing-thawing cycles
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Figure 9. The plastic zone development of 30° fractured rock mass after 90 freezing-thawing cycles
9. 90 RFRTEIRG 30°HREHLBEXFFRIBER

XFEE R R AT, PREIE IO T2 XA SRR AS 2 i Nk X B AR ER B P
wlm B PIIDT A A A, JE i 5K LR fi 08 45°5 135705 IZET AN e, BEERILE
PRONEE, S AR ARPIINTE B AR B b i) “W 7 RUIBPEIX SR, IFE s R sidR . AR, &
i 2 iR a BRI A AR, IR IE X A R R A BN T 3R T, 3 eV Bl Ay — e R P A K

1 R AT L, R TR U AR R e 2oRs S AR R R PAE FHF IT 52 B 48 70 222808 25 FEAE N
(R E R ASEADL 45 SR EL 8 MAR KRR FE b S it R B A 3 1 R T8 0 S A5 AR I BRI B2, 3 /2 17 6T B
IHTHIHEAER

4.2. FEIRBREA TS FAHRRR G BIFFHE

(VA 5 T Pt A B K B ARREAT X B BT, 5 0 T VR R PR RSO T A R 45 3 A SR 1 P R BE) £
FE—FE, KRS - NASE R 2k, VAR RSE . SRR UL R BB IR IX 7 A 55 = AN A5 TR AT B4

DOI: 10.12677/hjce.2020.99095 909 TARTH


https://doi.org/10.12677/hjce.2020.99095

ESII

1) Ri7) - A2 AR 2R
PAREAT 1 0 UR(BNTEVRREAE A5 90 IR Uk RE A e BORLIUL 45 RO B, Ko 15 2 i A [ R BRA5UMA 2% 1
IR AR ) - NEAS 2R SR e il [F] — ARAR AR R, JFEEATXTEE 047, ARG AR &) 10 AT 11

o
140
120 |
100
. I
[T
= 80
B I
R
& 60
| —— AN
40 0°Z4BE
L ——— 30°%4F3
20 60°Z4 1
——— 90°ZL i
0 " 1 n 1 L 1 " 1 n 1 n 1 " 1 n 1 " ]
00 05 10 15 20 25 30 35 40 45

N2 e/%

Figure 10. Stress-strain curve after 0 freeze-thaw cycles
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Figure 11. Stress-strain curve after 90 freeze-thaw cycles
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Figure 12. Plastic zones distribution of rock mass with different fracture dip angles after 90
freeze-thaw cycles
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