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Fig. 1 The geographical location of the study area
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Fig.2 Test topsoil sample
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Table 1 Basic physical property parameters of soil samples
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Fig. 3 Concrete lining under different treatments: untreated concrete lining (a) ; concrete lining with a low roughness (b) ;

concrete lining with a medium roughness (c) ; concrete lining with a high roughness (d)

A AT b — e R fioh T ) B

AU BT O B 1k S B ] ] B 5 i 4
e A5 5 U0 G NI RE b TS B e 4 S o ]
VIR 32 PP R i B R L S0 = AR AR IR 22
IEAIRIG A T e Ay P iAo IR Aty - SR 2
b= W A Y T 59 95 U S e e B Y
Gl N UEATURES , Horh U b Rl e " B T
VR AR O RIS AR il v M A < R 3 TR
e LA IR AIAT 4) , Fop A B B A URAS IS
Jer R A s A L R B AT BT U . R, 3
i

-

20 i B LAY

() Bk

56 24 v BT YIASGE PR BT 2 sl b 2 P S ER S i
JEXHRARE  URBE AR T Dl i iR 22 |, B
S HBE R A3 U B, e 3 I
P A A BB A R TIE %
o, B Sy B A 3 (3) THE AN RN 20 T By
XL B YIS 1 R 3 (4) 15 R, O T 220
T 6 B LA L i a6 4SS ) BEA T 36 A7 e
BoriR 22 , DN 6 18 1 131 5 1) — 13 BT D) A3 [
SE B — A1 3R ORI S 3R R E R B e AR, B
PR A R A F]D) FEAT I . BR8]l i

(b) R AR R RS
P4 AEPRZSS 09 52 4 -TRBE T4 17 A
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state in temperature control freezer (b)
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Fig.5 Schematic diagram of shear process
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Table 3 Orthogonal table of test results
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7 -5 18 27 LIS 1 205. 57
8 -5 24 24 ¥ 2 199. 92
9 -10 6 24 B 4 179. 17
10 -10 12 27 ¥ 3 164. 08
11 -10 18 18 B 2 358. 34
12 -10 24 21 Rk 1 309. 30
13 -15 6 27 LR 2 273.47
14 -15 12 24 L=l 1 373.43
15 -15 18 21 T 4 247.07
16 -15 24 18 AL 3 282.90
#a WESHTER
Table 4 Range analysis
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Table 5 Variance analysis
P37 SEITR A i (df) ¥ (MS) Sl mE(F) . ME(P)
K IERA] 66 284. 850° 12 5523.737 36.472 0. 006
i 106 5247. 956 1 1065 247. 956 7 033. 559 0. 000
SR AIC 8604.911 3 2 868. 326 18.939 0.019
HREERHK B/h 2385. 562 3 795. 187 5.250 0.103
FIKER CI% 4312.417 3 1437.472 9.491 0. 049
o RV B FE D 50 981. 894 3 16 993. 965 112. 207 0. 001
WRESE 454. 357 3 151. 452
Bt 1131987. 162 16
T TE S5 1 SR S 66 739. 207 15

W BOERRSE T Fvh i AR RP=0. 993 (J4%% 5 A9 R =0. 966)
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Table 6 Verification table of test results
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witas s T
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Impact of lining roughness on peak shear strength of soil-lining
interface in seasonal frozen zone

MA Xiaohan'?, XUE Ke', GAO Qiang’, ZHANG Mingli*, LIU Jianping',
XIE Jun', XIANG Qing’, YANG Mingdong’
(1. College of Water Conservancy and Hydropower Engineering , Sichuan Agricultural University, Ya’ an 625000, Sichuan, China;
2. College of Environment, Sichuan Agricultural University, Chengdu 611130, China; 3. State Key Laboratory of Frozen Soil
Engineering, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China;

4. School of Civil Engineering, Lanzhou University of Technology , Lanzhou 710050, China)

Abstract: Based on predecessors in the soil structure and the surface roughness affect the soil-structure of con-
tact area between the tangential frost heaving force research is less, this study starts from the problem of tangen-
tial frost heaving force between soil-lining contact surfaces of canal foundation in western Sichuan seasonal fro-
zen area, and focuses on the influence law and effect of surface roughness of lining on shear strength, cohesion
and internal friction angle between contact surfaces. Combined with environmental temperature, moisture con-
tent and freezing time, the correlation and aboriginality of four factors on peak shear strength between contact
surfaces are comprehensively explored by orthogonal analysis. The results show that the peak shear strength, co-
hesion and internal friction angle between the contact surfaces show the same law with the change of lining sur-
face roughness, and the more rough the lining surface is, the three indexes will increase. The orthogonal analy-
sis reveals that the most significant factor affecting the peak shear strength between the contact surfaces is the
roughness of the lining, followed by environmental temperature and moisture content, and the effect of freezing
time is not obvious. At the same time, the peak shear strength under low temperature, low moisture content,
long freezing time and high roughness of the lining is larger. This result can provide theoretical support for the
frost heaving hazard prevention of canal system engineering in seasonal frozen region.

Key words: seasonal frost area; channel foundation soil-lining interface; roughness of lining; peak shear

strength

(DiAESZ: EIM)



