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ABSTRACT : Bearing capacity of pile is governed by only skin friction in frozen ground condition, while it is generally governed
both by skin friction and end bearing capacity in typically unfrozen ground condition. Skin friction force, which arises from the
interaction between pile and frozen soils, is defined as adfreeze bond strength, and adfreeze bond strength is one of the most important
key parameters for design of pile in frozen soils. Many studies have been carried out in order to analyze adfreeze bond strength
characteristics over the last fifty years. However, many studies for adfreeze bond strength have been conducted with limited circumstances,
since adfreeze bond strength is sensitively affected by various influence factors such as intrinsic material properties, pile surface
roughness, and externally imposed testing conditions. In this study, direct shear test is carried out inside of large-scaled freezing
chamber in order to analyze the adfreeze bond strength characteristics with varying freezing temperature and normal stress. Also, the
relationship between adfreeze bond strength and shear strength of the frozen soil obtained from previous study was analyzed. The
coefficient of adfreeze bond strength was evaluated in order to predict adfreeze bond strength based on shear strength, and coefficients
suggested from this and previous studies were compared.

Keywords : Frozen ground condition, Adfreeze bond strength, Direct shear test, Coefficient of adfreeze bond strength
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P.(=mdL¢)< P+W,+P+P;

L¢ : depth of frozen layer in active zone

L, :depth of thawed layer in active zone

L. : depth of permafrost zone

W, : weight of foundation

P :downward load

P, : downward skin friction force of thawed layer in active zone
Ps : downward skin friction force of permafrost zone

P, :upward skin friction force of frozen layer in active zone

T, : adfreeze bond strength of frozen layer in active zone

P+W,+Py <Py(=tdL, T.)

: depth of active layer

: depth of permafrost zone
» - weight of foundation

: downward load

: downward skin friction force of active layer

: upward skin friction force of pemafrost zone
T, : adfreeze bond strength of active layer

sS4

U U T
a

Fig. 1. Loading conditions of pile foundation in frozen ground(Phukan, 1985)
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Table 1. Coefficient r, for predicting adfreeze bond strength
(Weaver & Morgenstern, 1981)

Material Type T
Steel 0.6
Concrete 0.6
Uncreosoted Timber 0.7
Corrugated Steel 1.0

2 A o]=t). Weaver & Morgenstren(1981)-2 WEZ| 77}
A, A E, FHAY7F =R o2 FA, FAE AL
$o] A e 1, Table 17} 2] A Bk
SR Aeel £1182l0) P WIBARAS] Mohr-
Coulomb ATHHLE o]0 oJsiA HddE 4 lom, 54
Eo| AuiEsl 1gee] WA Bq. 3)3} Yok Sol,
Sayles(1973)= 25% o]Ate] h4=n|e} 37% oAkl =&
= Ad SZEES] Ao tiste] Eq. (49 2 &AM
Fe o] A= FAAE AQbskaich

& 4

ol

N

7; =c+otang 3

g, ¢ WivpEZelth

m=(ctb e )" 4)

3. AlEE A 2t

3.1 AlgEd A 1z 8§

B oA Lee & Choi(2012, 2013)7} 283t Tf3
=
o

+ £
A5 9 ALARAA)E BEte] AR sk

(a) Outside

(b) Inside

Fig. 2. Freezing chamber in frozen soil mechanics laboratory(Lee & Choi, 2012)
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Table 2. Physical properties of weathered granite soil

Weathered Granite
(€N 2.67
Cmax 1.227
Cmin 0.418
Dso 0.71
Cu 6.07
Ce 1.29
USCS SW

LVDT for Vertical
Displacement

Weight Hanger & LVDT for Lateral
for _\ Displacement
Normal Load \ v

Lateral Loading
(shear force)
Device

Fig. 3. Direct shear test apparatus for frozen soils(Lee & Choi, 2012)
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Fig. 4. Grain size distribution curve of weathered granite soil
(Lee & Choi, 2013)
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Fig. 5. Picture of Aluminium in the lower part of direct shear box
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Fig. 6. Adfreeze bond strength test results with varying vertical stress for different freezing temperatures
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Table 3. Shear strength of weathered granite soil and adfreeze bond strength with varying freezing temperature and vertical stress

Freezing temperature Normal Stress Water Content Relative Density Shear Strength(kPa) Adfreeze Bond Strength

(C) (kPa) (%) (%) (Lee & Choi, 2013) (kPa)

= 0C 100 15.5 76 263 81

= 0C 200 15.5 76 291 137

= 0C 300 15.5 76 335 210
-2 100 15.5 76 543 123
-2 200 15.5 76 667 231
-2 300 15.5 76 863 298
-5 100 15.5 76 1,469 330
-5 200 15.5 76 1,690 389
-5 300 15.5 76 1,913 464
-10 100 15.5 76 2,350 660
-10 200 15.5 76 2,577 864
-10 300 15.5 76 2,921 895
-15 100 15.5 76 2,916 961
-15 200 15.5 76 3,050 1,056
-15 300 15.5 76 3,293 1,105

1
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Fig. 7. Adfreeze bond strength with varying vertical stress
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