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a. Frozen soil-structure interface
layer test apparatus
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Fig.1 Frozen soil-structure interface layer test apparatus, shearing
box and specimens of frozen soil

i & PG 20 emy 35 10 em RS, A
Iz fk i 52K 100 kN Y) [l far -5 5K 20 KN 2 [l far 4
MR KAV 2 emy 500 1 em, BEWSITREZ Rk
SRS B RN R NGRS, JF H S A shngk
L, AMEER AL A S R, i AR T 8K
- FRORH R A5 A B A A T N B3 DUOWN) it of 2 A%
oo BRI, 1ZARI VA8 A 0T 90 A4 55 45 K Ak L1
R 2 RS TR

TR0 LR 1 € b Ak 2 ) LY - R —— W R
T ES A, )RR R 1 TR

x1 REAFHIHYENFMER

Table 1 Physical and mechanical properties of frozen soil for
tests
ok 5 PP
Rate of water . ii& 3 Internal friction angle/(°)
content/%p it Welght(RN'm™) TEL T e -14°C
30 18.4 34.44 41.04 45.31
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J— 90° Ny Hﬂ
;

A2 AR T ERE
Fig.2 Rough steel plate and definition of roughness
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c. Roughness

e Bla: —10CHHREE T, HIREE 0.8 mm: B b: 500kPa il )y, HIKE
BE0.8mm; Kl c: —10CHY5EA 1, 500 kPa ik T

Note: Fig.a: Silty clay, temperature is —10°C, roughness is 0.8 mm; Fig.b:
Normal load is 500 kPa, roughness is 0.8 mm; Fig.c: Silty clay, temperature is
—10°C, normal load is 500 kPa.

B3 REEGEA. BE. AREEFTHAERD cu XZ2 B
Fig.3 Shearing strength-shear displacement curve of contact
interface under different normal loading, temperature, roughness
condition
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Table 2 Strength of frozen soil-structure interface

Fefl 2 Interface‘layer [ C@f‘é 7
Rougﬁﬂi);s(s/mm Tempff:t;re/ C Friction angle/(%) Stre(r)lgiksll/ﬁ’a
-6 33.56 23.15
03 -10 34.91 26.70
—-14 35.40 48.19
—6 36.07 30.87
0.8 -10 40.31 32.86
-14 42.01 65.97
-6 36.73 38.70
1.4 -10 41.78 43.11
—-14 43.94 69.14
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R 3 AN SRR - 5 AR RLRE S 0.3 mm e 7
THT 22 WA B B 7 3 595K 1) 1 g [T 45 R

*3 EMAEINANSEENHEEFER (R=0.3 mm)
Table 3 Regression results of relationship between shear strength
and normal stress on contact interface (R=0.3 mm)
R LONSIRS R LIPS MR AR EL
Temperature of Relationship of shear stress and Correlation
frozen soil/C normal stress coefficient

-6 7=0.6330+23.15 0.998
-10 7=0.6975+26.7 0.998
—-14 7=0.710+48.19 0.986

ANTRDREL RS J52 &5 4 b5 1 R 2l 32 Tl —10°C 6k 5 1 /22
W ELBY N g SRR B T A SR, WL 4.

R4 EMAEMENHSEEEANEERER (T=-107)
Table 4 Regression results of relationship between
shear strength and normal stress on contact interface
(I=—107C)

S AR ek el LONSIESP R LINPIESEN IR A
Roughness of Relationship of shear stress and Correlation
structure /mm normal stress coefficient

0.3 7=0.6970+26.7 0.998
0.8 7=0.84845+32.86 0.996
1.4 7=0.8735+43.11 0.972
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a=-0.0057+0.631 (2)
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Fig.4 Relationships between frozen soil depth / and displacement
U under different normal loading by four kinds of roughness
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Fig.5 Relationships between interface layer thickness and

roughness, and relationships between frozen soil depth and
displacement under different temperature, roughness
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Monotonic shear mechanical characteristics and affecting factors of
interface layers between frozen soil and structure

Sun Houchao'?, Yang Ping™*, Wang Guoliang®
(1. Institute of Civil Engineering, Nanning Forestry University, Nanjing 210037, China;
2. College of Civil Engineering, Yancheng Institute of Technology, Yancheng 224051, China)

Abstract: With the increasing of the number of structures in permafrost regions or structures (such as urban underground
and mine shaft engineering) using freezing method, the properties of interface layer between frozen soil and structure are
receiving more attention. Under the action of loads, the mechanical responses of interface layer are different from frozen
soil and structure material. The interface layer between frozen soil and structure is vulnerable to severe damage under the
loads of gravity, construction and earthquake, and thus will affect the safety and durability of structures. The newly
developed mechanical testing apparatus is used to test the mechanical characteristics of interface layers between frozen soil
and structure. Based on the existing apparatus called large-scale frozen soil direct shear system (DDJ-1) in our laboratory,
the shearing box of frozen soil is modified to highlight the interface layer of frozen soil, and the measuring system of tiny
deformation is developed, which thus constitute the experimental system. Micro deformation measuring system is
composed of digital imaging system (DIS) and digital image processing software system (DIPSS). DIS consists of high
definition and resolution camera (JHSM1400) and 7.2 mm distortionless industry fixed-focus camera, and DIPSS has
functions of calibration setting, measurement setting and data display. The data received from the system are accurate and
the error is about only 1 um. The newly developed mechanical testing apparatus is used to test the mechanical
characteristics of interface layers between frozen soil and rough steel plate under the monotonic load. The mechanism of
basic forces and deformation of the interface layers is analyzed from the perspectives of macro mechanics and micro
deformation. The results show that the peak shearing stress, stable shearing stress and initial shearing stiffness increase with
normal stress, and shearing strength of the interface layer is correlated with normal stress. The relationship between this
maximum shear stress and normal stress follows the Mohr—Coulomb law. The value of friction angle increases with the
roughness of interface at each temperature, and the value of friction angle of interface with the same roughness increases
with the decrease of temperature. The value of friction angle of interface is close to that of frozen layer, which demonstrates
that the shearing failure occurs in the internal of frozen soil. The shearing displacement of frozen soil particles decreases
with the increase of interface layer depth, and increases with the increase of normal stress in the same depth of interface
layer; and deformation characteristics of interface layer is similar among the structures with different roughness. The
thickness of interface layer is about 0.5-3.5 mm within experimental conditions. The deformation of frozen soil can be
decomposed into 2 parts, i.e. slide deformation at the interface and shearing deformation under constraint. The shearing
strength of interface layer increases with the decrease of frozen soil temperature and when the temperature is below -10°C,
the freezing force is raised significantly. Meanwhile, the shearing strength of interface layer increases with the roughness of
structures and when the roughness is above 0.8 mm, the increase rate of shearing stress reduces. The roughness of interface,
the temperature of frozen soil and the normal stress have profound effect on mechanic properties of interface layer.

Key words: mechanical properties; frozen soils; shear stress; interface layer; monotonic shear; peak shearing stress



