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Abstract: Particle crushing is one of the important factors to change mechanical properties of frozen sand, which is hardly
studied quantitatively so far. Triaxial compression tests are carried out on a saturated frozen sand at -0.5°C, -1°C, 2°C and -5
‘C under the confining pressure of 0.5, 2, 5 and 10 MPa, respectively. The particle crushing ratio, B,, defined by Hardin is
obtained through the particle-size distribution curves for samples before and after triaxial tests. It aims to analyze the
relationship between confining pressure and particle crushing as well as the influence of the particle crushing on strength. The
testing program presents a considerable particle crushing in triaxial compression of the frozen sand. There is a critical confining
pressure o;. When o3<oay, the particle crushing ratio, B,, increases with the increase in confining pressure; otherwise, B, does not
increase obviously with the increase in confining pressure. Previous studies as well as the test results from this work show that
under —5°C, pressure melting does not play important roles in mechanical properties of frozen soils. Therefore the test results
under this temperature are taken for analysis without considering pressure melting. It is found that particle crushing has a dual
influence on the strength of frozen sand. Under low pressure levels, particle crushing leads to weakening and strength decreases;
with the increase in pressure, particle crushing reaches the maximum and particle rearrangement tends to improve the strength.
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compression tests under different temperatures
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oL ox

0

[20]

03
—e—-0.5C
—+—-1.0C
——-2.0C
—»—-50C
o 02
4
£
E
01r 7
0 ‘i é lé 1‘6
SRS PIMPa

B 7 BRI EEMESEN NBXER
Fig. 7 Relationship between particle crushing ratio and mean
principal stress

2.4 URLARFERTHUET SR B R2AR

TURLRBE 32 EEREMA VR A5 00 LI BEHE O SEE R JLRE
RPN, DU R0 87-5°C R (R 5 e e J2
JESE S AR UL I DR AR o RIS T R b 1
(Vo R 8, RI A H Sl o B 2 S R AN T
ol 2, R WIAE B s 3K IR v B 3 SRS 2 11
YERTZ T8N o

TS AR P IR R E, 2l T
BIY)5 1 AR R AR TR 5 B = A5, L BT K
(+) 2 R MR F REIR S ARk,
RSN DR PUBT SR, B (-) Rz RHT
B 5 RS RURE RS X 988 B £ 7 AE XN, — T
R R AT SRR A IR, AT A PR S5 R L 558 5 %5
37 T BURLAS A S XOT AR SR HER ], SRR fi) 5 55
i BN S ML, T i T RS0 KT sR .
MEA B3l A B LR 2R R

t, = f(T,0;)+otang, + fs (T,05) ifB, (T,03)» (3)
Ko, o, RES L BORIE, £, £, R f, A
AFREET ) BMCAUORE AR -5 2 HE A T BT 5 L 14 5
Bk, WL TR o 38 I ety i S 32 AR A 5%

W = FH U o VRN ), o sl EEESf . L
P TR ) R A S WA R [l A 0 T 80 7 A ) B R
o -tang, SEHERRBIMKC . FIUR AR AR R FEHE A1) %) i S
2GR . I B R SRR B B
KB . AR sh g N 22° ~24.5° , AL
K PIRRUERD T ZE 3o J o et WO aifE 23° H
S A =
ARSCIEEN-5C RS 2 B e T itk (3) ok
O3 AT R B RS U BT s E VE - . 2 HTHe T-5°C 1
DU R RGP L R kI E AN, W] L2 R RN
PRl FE s s ik i (1 2658 A8 4k, Dl mT DL Aol i e
X (3 PR ¢ el SRR TR B BE g
¥ o~ tang, 10 4 52 AR, 11 BY A 6] 5 B 4 Dk vl a8 i A
IRAG, T AE AT DA 21 FOORE AR AR 5o 1 25 000 1 5 B 1 Dk
HIZE (50 G5 1 (R ) R AT A
IR (P ARFAR TEXT N R A (P s D & an F 2
tan’ (45°+ﬁj=tan2(45° +ﬂj—ﬁ , (4
2 2 Ag,
A, @ AN KA B K RSURE AR B bk v A0 1 PR 2
i, RO ShEEE AR 23° o AR (4) BEFED
I 2 R BEA AN RS B IR 1 e i 2 2 ]
9,ﬁ¢mmwmijmﬂtzm%wwmﬁ—mm
NAR 2 10 53] 0B 8 FIPd 9 4h4 e R mT LIS 31
K11, A ORERLg s B L gk, Kl (3D
He+otang, ; @FIRNLERI S EAL, BIE 8
WIS T R T T Bl EEEE R K BY R RO i e
W [Py L 2k, A2 SR (3) HR iR EE D L IR PTBY i o, 5
@R INFER R I sh R ) Femt A BT AR ()
FESZE (=) 51 ns AL mAs ik, HIE 9 s i
WL, A3 Fetotang, + f, AR, KL,
K 11 R @FIGZ [R] (155 5 A F0kr 5 i S HE 41 1) D1
MRE . 2025 H iz ok B4 A B OR B e S HE 21 5 | i
(IPTBY o 1 B, W L 55 O i 24 ol ] s 1) A4 R
AR 12, 454 11, 12 bl gn. OFEF
PRARIRZS (P98 BB, AR R IO B3 = i 25 1
SR, RN B B4 R R, @k A —
SERERE Lgmy TomfE, ZEREETN, AMFEERT

14

1 1 1 L 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
o/MPa

8 -5 CHRER L TNRE B L%

Fig. 8 Measured strength envelope of frozen sand under —5°C
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