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Abstract: To study the mechanical properties of frozen soil under complex stress paths, the effects of negative temperature and
intermediate principal stress coefficient (br) on the strength and deformation characteristics of frozen sandy soil are studied by
using the self-developed true triaxial apparatus. The test results show that the stress-strain relationship under different br values
exhibits strain hardening characteristics under three dimensional stress states. The failure strength increases with br increasing
from 0 to 0.5 and then decreases when b is in the range of 0.5~ 1. However, the values are still greater than those under the
axial-symmetric stress state (br = 0). The strength increases linearly with the decline of the negative temperature. With the
increase in by, the deformation in the direction of the intermediate principal stress changes from dilative to compressive and that
in the direction of the minor principal stress remains dilative throughout. All the volumetric strain curves demonstrate the
characteristics of shear shrinkage first and then dilatancy. The test points in the range of 30%~95% stress level are suitable for
calculating the Duncan-Chang model parameters.
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Fig. 1 True triaxial apparatus for frozen soil
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Table 1 Particle-size distribution of sandy soils
Mo ST /mm 0~0.075 0.075~0.1 0.1~0.25 0.25~0.5 0.5~1.0 1.0~2.0
H 53 /% 18.82 15.72 25.07 14.69 7.52 18.18
#* 2 WEH R G
Table 2 Mineral composition of sandy soil
A SiO: AlO3 CaO Fe203 K:0  TiO» MgO Na20 P20s SO3 HAth
TR 54.28 19.53 11.92 8.12 2.20 1.68 0.96 0.47 0.37 0.11 0.36
HALJ 0 Si Al Ca Fe K Ti Mg Na P HoAh
TR 45.84 25.37 10.34 8.52 5.74 1.83 1.01 0.58 0.35 0.16 0.26
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Fig. 3 XRD of sandy soil
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Fig. 4 Relationship between ¢1 and o1-03 of frozen sandy soil
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Fig. 5 Relationship between ¢1 and 2 of frozen sandy soil
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Fig. 6 Relationship between ¢1 and ¢3 of frozen sandy soil
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TEANFNRIE R, FRARF TR AR B 32 &
H I IR DA R AR % . A 8 FTLLE
L AR M TR AR PR AR A A B (] o 0 o 2 AR T 55

0.20 -
| — TRMAE
0.18 [- - ZRiAF b=1

-0.10,

1 1 1 1 1 1 1 1 ]

0 0.020.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
KERAEe

(a) FERAE - ERAE

-0.05
-0.10
& -0.15

-0.20

INERAE e

-0.25
-0.30

-0.35

1 1 1 1 1 1 1 1 ]
0 0.020.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
KEN e

(b) ERE - NERE
0.04
0.03
0.02
0.01} /

— LR
- - Hikpidr

RiZEe,
<

-0.01+
-0.02
-0.03+

-0.04 1 1 1 1 1 1 \I |
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
KENAEe

(e) R - HRI7E

8 XA ER DRI TIEN TR EN TS/
(-57C)
Fig. 8 Comparative analysis of effect of intermediate principal

stress coefficient on engineering strain and true strain (-5°C)

Lep BN BB (A 0, 0.25), HENARH)L
SHMEER T TRENAR; 2 38 REECRES (be N
0.5, 0.75, 1), HNAZR/NT TAENAS . TR
A, HNAS KL 3HE A L TR R AR (R 4 wHE K,
H = 2 255 be B I8 0. A3 LB,
YA R AT, R AR B 4 ) fE L TR R AR
PIZERHE TR, MR R ARG AR RS, N AR 4
XHE PG AR AR P ZEXHERS /N . B 8 (o) FTLLE HH,
TR R AR 5 AR AR ¥ A 3 R ZR B G N
Whne TEMEAIH, LA T e B, TR A
AR B R AR J LB A s {H B A far 23— 253,
AL TR B, HPE A KERY, SRR
A N7 A5 R AR AR 1) 222 SR A K
2.5 BETHME

Pl 9 BT by R FE ST 4500 5 () B2
. K9 () FIAL, TEANFENRIE T, SRIZERE be 1Y
Iy RIS BRI, 2 be=0.5 B SR i
K, ZRIWH B 1 X )

MK FERAS, i E AR RN 3 AR 98 R KT
2 beAHB/INGY, B be(E MG, ] T R F R
o] B AR T, A R R T i 8 o 2 R LT
PR, G T RS LSRRI R 3R
SAEURGERD LR = R IR/ 32 N 7 1 R e ke o
71, H beAERN, EFE AR R IR N 5 R G+ A
LREIR TR IE N, B BEBR RN (5 32 S5, 24
b fHHE—DHEK:,  be (E A8 I /N 3 N AR T ] H B2
AT, R RO 5 S Kong SEPUBFALR
BRI 5N EN D EE (o, —oy) FBEfEER
FEWNRRLY e, FRAGAFEREZ . b, ANFE befE Xt
T AFERE, 5=0.5 A1 be=1 B4 51 %6F BT ] 855
PIR 6 AN =R ae . SREPTBYAE 77 BH UK IR B |
L BRI R D UK S0 P RO ) 2 5 79 3 [ e e ),
M4 be=1 B, RFEA T HAFORES; TERSERT,
UKE RO ) PRI 280 58 2 RE MR L B 5t P 1 2 A
%, [FRSILRS R, MRgoREY e, Fik
UREEHD 1 )R A P BRI,

18

[ m-5C
16 o -10C
- A
& 1af A -15C <
=
= 12
© 4
¥ 10F *
L o
O 8/’“'\'
R
2 6r L]
5 /’—ﬂ\.
X 4
2 =
1 1 1 J
0 0.25 050 0.5 1.00
b

(a) XRERIR BRI



51

K, S AFET R RBON GRS AT N EREA D B = AR 0T T 875

16

14

12

10

W IRBL 1 (o) -03)/MPa

-10 -15
T/C
(b)) 3 BEXT IR 5L F 3

(73)f/MPﬂ
© o B

WIRRL I (o1 -

F -

e ~15
(o) BB =4 s E

B9 b FEE X ARLER) 58 E R0

Fig. 9 Effects of b and temperature on strength of frozen sandy soil
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Table 3 Theoretical parameters under different test conditions

HE/C b A v

0 0.0063 0.2359

0.25 0.0057 0.2135

-5 0.50 0.0073 0.1268
0.75 0.0041 0.1700

1.00 0.0049 0.2076

0 0.0046 0.0983

0.25 0.0032 0.1025

-10 0.50 0.0032 0.0756
0.75 0.0029 0.0878

1.00 0.0036 0.0837

0 0.0024 0.0755

0.25 0.0026 0.0605

-15 0.50 0.0019 0.0569
0.75 0.0023 0.0597

1 0.0018 0.0586
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