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Abstract: In most cases, the artificial ground freezing method has been applied to construction of vertical shaft in deep and
thick alluvia. Thus the in-situ mechanical properties of deep frozen soils are the most pivotal influence factor to the stabilization
of frozen wall. It is suspicious to acquire the mechanical parameters of deep soils by the methods which are suitable for shallow
soils ignoring their engineering situation and origin. Therefore, based on the new test mode of "Long-term, K, consolidated-
freezing-constant axial pressure and unloading confining pressure", many triaxial unloading tests are conducted on remolded
deep clay so as to study its strength and deformation properties and the influence laws of consolidation stress and consolidation
time. The research results show that the failure mode of the frozen clay specimens under unloading path belongs to the
viscoelastic-plastic one. The strength of the frozen clay consolidated for 1 to 7 days under unloading path increases evidently,
however, the growth rate of strength is barely affected by the consolidation time while temperature decreases. Conversely, the
strength increases inconspicuously when the consolidation time is expended to 28 days. In addition, there is significant increase
of growth rate of strength relating to the descending temperature in the process of the long-term K, consolidation. The influence
of consolidated stress on the growth rate of strength hardly relates to the subzero temperature.
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Table 1 Parameters of clay for experiment

G Wsr w 14 %)\*jﬁiﬁ/mm wr Wp
’ 1% 1% /(g~cm’3) >0.25 0.25~0.1 0~0.075 0~0.045 <<0.045 1% 1%
2.71 38 27.8 2.17 3% 6.32% 2.71% 6.11% 81.86% 58.83 28.93
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Table 2 Arrangement for single-factor tests

45 T/C t/d o/MPa | %5 T/C t/d o,/MPa
1 1 13 14
-5 8 -15 10
2 7 14 28
3 7 15 12
-10 8
4 28 16 -15 7 14
5 1 17 16
6 3 18 8
7 -15 7 8 19 10
8 14 20 7 12
-20
9 28 21 14
10 1 22 16
11 -15 3 10 23 14 10
12 7 24 -25 3 8
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Fig. 3 Failure patterns of frozen soils

T e 2 SO AN IR BE AR E R (R 45 3 L AT
AR, B FEAN RIS T B LR RS
SR BERREE < [ 0 R - B A g9 AL RN, B i
JEERR BER R L RORTE A LR A2, 51T R 1+
R “HES” Mo XS H Ay A6 R L)
IR FEAR LY SPRES, RERMBER RN 2
[ 3L
2.2 FEHIEESHIRNE

R BT SR L, 0] TR AR B R R N AR i



el TARTAR, A K K 18145 PR S5 Bh 4 (180 [ L 5 2 1k

1639

P BIPAPE T, ] LLa3 ) BN, g A AN R AR IR B 15%
I X LR F7 o T T = R BB S vk £, F RS
Feth: =AhMENER M Nk T - AR il 2 AU i
4, BAEAENIEMERN ) - BRI RRE, &R
JiiE FE R AT B AR IR O, PRy o I 1 A B A2 i
NN, RIS 5% M 4R b A /I AR TH 6 BT L ) g 9
71 A 9 - BB IRGRE . GURYANOV 2512155
P N TR BRR 5T F e iy, A5 T 2R
ghit. HMMESI R, VR R
Sh IR EE RN ) - NAR MR B E RS, BT
FhE—YE YRR IR, BN AR 20 AR SR A e, %
I P JE IR, AR R B T

ASCRI T FEF, S EREENRAR, &
FH 75 T 2 GEAR i 0 LS. F7, AE i L AR tE
I 25 T IR B, 2 A S 7% R R AR R Ay
IR
2.3 BtE, RAOERRAEERSH

WHE 4 (a)s (b) P NIGRESRE-5C, [E45M
71 8 MPa I}, [EIZ5I 205108 1, 7d %6440 FRIVRZS
S EEE R AT - NAS LR, AR AR LR

8

—e— 8 MPa-1d-(-5%C)
—*— 8 MPa-7 d—(-5%C)

=)

(0,—-03)/MPa

o s 10 15 22 2
&/%
(a) BLJy - piAg 2k

0.151
—+— 8 MPa—1 d—(-5C
0.12} a-1d-(-5T)
— —*— 8 MPa-7 d-(-5C)
Im
&\5, 0.09+
% 0.06)
0.03}
0 T 4 6
(0,—03)/MPa
(b) MiAEHER L

4 T=—5CEHRINT - HTRMIETRERLZ
Fig. 4 Curves of stress-strain and strain rate-stress (7=—5C)

K5 (a). (b) MIREGERZ-10C, [ES58 )8
MPa, [EZ5E 58 7, 28 d 64 N IR 6
Ry - RIASHIZR . RIASHE A Hh4k .

K6 (ad. (b). () (d) AR E T=-15
C, [EN 150 Ne=8, 10 MPa, /[ [i] 45 A] )
VR &5 30 SB[ e 17 g — AR Y e K b7 A5 2 4G

—+—8 MPa-7 d~(-10C)
—%—8 MPa-28 d—(-10C)

1
0 5 10 15 20

&/%
(a) BLJ7 - REZEHHZR
0.10
—&—8 MPa-7 d—(-10C)
0.08 - —*—8 MPa-28 d-(-10%C)
006
@
e
=004
W
0.02 -
1 1 ]
0 2 4 6
(0;—03)/MPa
(b) pAe Lk

B 5 T=-10CEHMN - NTRNTERELZ

8.0

—+— 8 MPa-1 d—(-15%C)
—=— 8 MPa-3 d—(-15%C)
—&— 8 MPa-7 d—(-15%C)
—e— 8 MPa-14 d—(-15%)
—*— 8 MPa-28 d—(-15%)

1 1 1 ]
0 5 10 15 20 25
&/%

(a) BT - RiZEMZR (0, =8 MPa)

010 —&— 8 MPa-1 d—(-15%C)

008k —=—§ MPa-3 d-(-15C)
: —4— 8 MPa-7 d-(-15°C)

0.06 - —e—§ MPa-14 d—(-15C)

—*— 8 MPa-28 d—(-15%C)

&' (%-s™)

8
(0,-03)/MPa
(b) RAEHH ML (0, =8 MPa)
8.0
6.0
@
=]
g
’gﬁ 4.0 ——10 MPa-1 d—(-15%C)
& —=—10 MPa-3 d-(-15%C)
~ 20 —4—10 MPa-7 d—-(-15%C)
——10 MPa-14 d—(-15%C)
—»*—10 MPa-28 d—(-15%C)
1 1 1 1 J
0 5 10 15 20 25

/%
(e) Bify - NiAE R (o, =10 MPa)

Fig. 5 Curves of stress-strain and strain rate-stress (7=—10C)



1640 H# £ T B % 2017 4E
T s s CAIIRD ¢ [TE KA. (RIS 07E 1 ~7 d, LR
006  —+—10MPa-7 d~(-15) AR RE 152 B [E LI (8] ¢ IS 25 ¢ 75 7~28 d,

a oM 5T RS B I S AT S A
§ 0.04 1 (4) BRI TERE 715 [l 455 7710 5% 252 2]
"ol 0 A O e O B o = 71 e Y A WA B T L o DA
JIRAANE, [E45 7 d LREPUAR TR bl 8 25 3 )
0 2 4 ; 8 WA 5E, 45 14~28 d LFEPUA I RE AN A2 [

(0,-03)/MPa
(d) RAEH ML (0, =10 MPa)
6 T=—15CE RN - HTE K M IRER L
Fig. 6 Curves of stress-strain and strain rate-stress (7=—15C)
7 R ZEEA] =7 d, SRR E T=-20"CANH] [
G5 N R R Ry - AR 2 R AR R
é% o

10
8
£
g 6]
o —— 8 MPa-7 d—(-20C)
l'D_ 4K —=a— 10 MPa-7 d-(-20°C)

—&— 12 MPa—7 d—(-20C)
—e— 14 MPa—7 d—(-20°C)
—%— 16 MPa—7 d—(-20C)
0 5 10 1I5 2I0 2I5
&/%
(a) RiJy - REAEHIZR

0.10
—4—8 MPa-7 d—(-20C)
0.08 | —=—10 MPa-7 d-(-20)
—4+— 12 MPa-7 d-(-20C)
T 0.06F —e— 14 MPa-7 d-(-20C)
L —*— 16 MPa~7 d-(-20C)
5
]

(6,-03)/MPa
(b)) REARHE A2k
7 T=20CHIERN N - NERNTREZ
Fig. 7 Curves of stress-strain and strain rate-stress (7=-20C)
e il e 0 PR S AR R, AR RN S ) 24 R
AR A R A T BN B AR SRR T A BE 7B
e WLEE LRI ) AR 2 S N AR S AR 2, AT E]
CEIIDN7on
(1) ANTRJ[E S50 (] e RN ) - AR 23 B AR
LRVERFAE, A W SR BORE IR 2, 8 TR
SRR PR R T
(2) HREERE-5C. -10C. [EZ5RITE 1~7 d,
B [ 5 TR, R L hT AR T e I 3G s B I X
W S5 N [ AE 7~28 d, BEA [ S5 TG, ¥R itk
UL T HE 7752 [8 S5 0[] ¢ RT3 0 ek /) o
(3) RESIRIE T=—15°CILFE, HTARTEHE I REE

GEN SR . 22 3 VR b = e I D B R T S

AN [E G5 N Ay [ 5 i TR R 5 18 5 R v S
IR S5, FRE 8 (). (b) AAFE

458 A7, T=—15CIELR(o -0 -t &t L.

8

6L :_._—x—’_—’;;‘
o
-
2
G
I
S
= Ll —&— 8 MPa—(-15C)

—»— 10 MPa—(-15%C)
1 1 1 1 J
0 7 14 21 28 35
tld
(a) (o1-63); -1
8 -
6 [ ye
b e S S —

g 4t
w

2F —+— 8 MPa—(-15%C)

—*— 10 MPa—(-15%C)
1 1 1 1 I
0 7 14 21 28 35

td
(b) g -1

8 HRA5BEE . WIFN LS EILEETE R X Rk

Fig. 8 Relationship among strength-failure strain and

consolidation time
9. & 10 73 5 A B A BRI 5| AR 1 LA i B A K
Zfz%s%mﬁq LI 2 R 2%

FRYERIG 45 R 5 102 3.8 8~10 AR LL R 458

(1) [ [ 45 e TA) K, R e 1) = o) B s 5o
AR, [E4EEN 1~7 d i, R 0 1
KIREECOR, BEERSSN AR, 505 gD
BGTre.

(2) T=-5C~-10C ¥ T ilFF, BllE S5 ) 1L
K, BEIRRIARJk/IN, A A FEE I ] 225 B i) ZE K 7R3 T
N HIRSE T AR E-15CLLTRRY, R R
IRREAR | 52 3] [E] 45 I 18] (1) 500 AS B 32






9 TR, & KB Ko 845 PR 45 3 1 10 i o R e 1641
=3 EEEREMEEEREETHERELTHFESHR
Table 3 Mechanical parameters of frozen soils under different consolidation conditions and temperatures
j: A j: Al
g T g o BAE RN g;g g Tt o BNE g%g
7 /MPa  J/MPa  4%/% A Y orCc /4 /MPa FE/MPa A%/% M
I(%s ™) I(%s ™)
1 1 3.18 7.83 0.057 13 14 6.11 5.29 0.028
-5 8 -15 10
2 7 3.57 7.36 0.054 14 28 6.33 5.19 0.027
3 10 7 o 4.58 5.42 0.033 15 12 6.01 5.6 0.031
4 28 4.57 4.85 0.031 16 -15 7 14 6.16 5.32 0.027
5 1 4.96 5.65 0.025 17 16 6.59 4.59 0.029
6 53 5.51 0.022 18 8 6.35 6.27 0.022
7 -15 7 8 5.58 5.6 0.028 19 10 6.68 6.27 0.027
8 14 5.78 5.36 0.023 20 0 7 12 6.82 6.54 0.025
9 28 6.16 5.58 0.022 21 14 7.06 6.46 0.027
10 1 5.03 5.64 0.028 22 16 7.39 5.73 0.026
11 -15 3 10 5.44 5.64 0.028 23 14 10 7.12 6.21 0.024
12 7 5.82 5.48 0.031 24 -25 3 8 7.2 5.36 0.018
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Table 4 Fitting parameters for stress-strain curves (0;=8,10 MPa)
oi/MPa t/d a b c b, a; (01~ 03)u/MPa
1 0.094 0.3161 -0.0314 0.2029 0.3734 4.93
3 0.0071 0.2764 -0.022 0.188 0.3978 5.32
8 7 0.0052 0.2622 -0.0171 0.1836 0.3409 5.45
14 0.0053 0.233 -0.0151 0.1753 0.1573 5.7
28 0.0041 0.2406 -0.0177 0.1665 0.2106 6.0
1 0.0091 0.3036 -0.0255 0.1794 0.3832 5.57
3 0.0064 0.2518 -0.0166 0.1636 0.3626 6.11
10 0.0050 0.2271 -0.0126 0.1525 0.1971 6.56
14 0.0048 0.2071 -0.0107 0.1519 0.2107 6.58
28 0.0045 0.2069 -0.012 0.1500 0.1258 6.66
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