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Influence of Freeze-Thaw Cycles on Shear Characteristics of Moraines

in Southeastern Tibet and Their Improvement
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Abstract: Moraine deposits, which are widely distributed in southeastern Tibet, pose significant risks
to engineering projects. In order to study and improve their shear performance, well-graded similar
materials replicating moraines were prepared using the principle of similarity. Under different freeze-
thaw cycles and moisture content conditions, direct shear tests were conducted on these similar materi-
als. Triaxial tests were conducted with the addition of engine oil and fly ash admixtures to study their
impact on the shear strength parameters of the moraine-like materials. The results showed that: (1) In
direct shear tests, with the increase of vertical pressure, the displacement-shear stress curve of mo-
raines changed from a weak strain softening type to a weak strain hardening type. (2) The influence of
moisture content on moraines’ shear strength was affected by the number of freeze-thaw cycles. (3) Af-
ter five freeze-thaw cycles, the material reached a threshold in shear strength. (4) Engine oil and fly
ash had opposite effects on the shear strength indices (cohesion and internal friction angle) of the mo-
raines.
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Table 1 Gradation ratios of moraines in Daocheng
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Table 2 Gradation ratios of moraine-like materials
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Fig.2 Grain gradation of moraine-like materials
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Table 3 Design parameters for direct shear tests
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Fig.3 Displacement-shear stress curves of direct shear tests
with moraine-like materials
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Fig.4 Relationship curves between moisture content and

shear strength

X PR AT 5 B R B R e 32 3] R RO ER OB R
M A FHAR K, U Rl AV 20 U BB 22, 2 i) 5

2.4 FHEAE ER XY L 5T 58 B9 S0

P 5 J2 78 Ok Rl 6 BR B 1,25, 10 B JIT X i
F B B A R OC R M £k, BE G VR RO BR OB 1
BU BT 5 B 5 S/ )s | 3 2 PR Ok B A I R A B AIG, A
R0 K TR bR K AR R A S BURBUE A K
B 77 A2 B R R K 0, VR T 0 6T A Rk D S £ R 2L
A5 W I VE R, DA T 2 B A R P S S A 4 4
Wi 3B 1 T RERE N B K R AR LR 5 B0
45 N 7 REJICRUK 43 3 # , DN 5 44 6k 7 453 403 5 Bl
VR G B OB 38 R SR A5 X R 3 B
S 2 4, T MR ) 2 R RN TR G, A T B
REBEIR o 2 & KRR 4% F 8% i, Uk il 4 2 1R 4
1.2 .5 UK, B BT 98 5 AR A RN K, R IR P O ER
Tk 10 YR B, T BY 58 B R B /N, VAR Rl O B OB
i 22 o B R 1) B B i B S ) A0 R 2, el O A O R
Jie Rl I90 75| RS A R R A 2 5 R I B OB A E 4R B
BERKOCR X5 RS A5 5T AR B0 1 UK AR 28 )
VR G P VE F G, 6 1 2 G de HO8 eR BRI 28
Bl & KRN 125 B, 510 5 U mLIE 26 7™ A 1Y)
S RE R AH B, S 5 & 10 YR R IR 2 7= A 1Y) i i
TN 3R TR R A R O B 2k B v, bR 5
JE B4 VK 5 B L VK 5 0L B R I 4 5 R b L )
I 285 i BT AR % KRB AR e L B K Y B A
15, FETT 5 YR R G BA v R 45 B DK Y i RE K oK 5 b
R R R 25 17 5 3 v, K B 5 O VA B AR
FE 5 F 10 WY VR 0GB 2o A v, 330 Ik 45 245 g 3 39
WK 8 e 55 R 25 07 50, S8 By s B 2 T
R, 3 5 B0 B SO 9 A5 B A0 R AE 3 6 R L IR

1or

—=— 100 KPa(4%)
100 F -<+- 100 KPa(8%)
-3~ 100 KPa(12%)
0 4 —e— 200 KPa(4%)
g0F T CA-uao =<~ 200 KPa(8%)
@ ¥ —o- 200 KPa(12%)
g70r —a— 300 KPa(4%)
moOf ol - - - 300 KPa(8%)
= ¥ —.Aa- 300 KPa(12%)
= 501 S e —*— 400 KPa(4%)
240ra S NG - - 400 KPa(8%)
0] 52 ~wINg -+ 400 KPa(12%)
20¢
10
012345678 91011121314151617

AR AR U
PS5 PRBIRG 21 UK S 00T 5 B G R it 2.
Fig.5 Relationship curves between number of freeze-thaw

cycles and shear strength

471



FERRUE K SR PA T, AR R T A L. Y
TKE Ny 1206 B T VR AR FH 3 B0 A 5 B
K 1R ik 45.59 kPa, i W1 K R Rl e A AR SR B 40
DA E o ph O mT D Rl 0 2 4 FH X ok s A i 45 7
AR K

2.5 X450 58 B 5 4R B R

BB T1 o RN EEAE A o J2: Al i A FE BT BY 5 R Y
FEARTE bR o MR IR KPR L T 5 A b O 5 B 4R
b, W4,

x4 HEEERER
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Table 5 Design parameters for triaxial tests
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PREMIEERRE/ I KA/ % i B JE J1 /kPa
4 100.,200,300,400
1 8 100.,200,300.,400
12 100,200,300 .,400
4 100.200.300.400
2 8 100,200,300,400
12 100,200,300,400
4 100,200,300,400
5 8 100,200,300,400
12 100.,200,300,400
4 100.,200,300.,400
10 8 100,200,300 .,400
12 100.200.300.400
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Table 6 Design parameters for triaxial tests

W ME MK E mah WEHEM e/
%5 /0 /% c/kPa ()

1 0 0 40.2 39

2 6 14 38.2 35.3

3 5 15 36.3 36.4

4 4 16 34.8 37.2

5 3 17 32.7 38.8
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