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Abstract: Based on the constant-amplitude load tests by a new low-temperature triaxial device under realistic confining
pressure, amplitudes of dynamic stress, consolidation and freezing, the residual strain behavior of frozen soil during frozen
period is studied considering the influences caused by temperatures, loading amplitudes and loading cycles. The results show
that the residual strain during frozen period increases with the increasing cycles of loading, but decreases with the reducing
temperatures. The residual strain developing mode shows that it increases dramatically in the initial loading cycles followed by
gradual increase of residual strain with time. When the dynamic stress exceeds a critical stress, the residual strain starts to
increase dramatically till failure. The critical stress of frozen soil under low temperatures is larger than that under normal
temperatures, with increase of 20%~25% at —-5°C and 45%~50% at —10°C. In most cases, the frozen soils tested do not fail
and the residual strains under different temperatures develop nearly parallelly after certain cycles of loading. The residual strain
is fairly sensitive to the frozen temperatures at large amplitudes of dynamic stress. The proposed test layout overcomes the
previous testing limitations such as over consolidating pressure and over dynamic loading, so that the test results are more
consistent with the real conditions.
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Fig. 1 Dynamic triaxial test apparatus
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Fig. 2 Loading-strain scheme
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Table 1 Test conditions of low-temperature dynamic triaxial tests

W 17°C BN IR 1E oy, / kPa
I 70, 100, 130, 170, 200
-5 100, 130, 170, 200, 250
-10 100, 150, 200, 250, 300
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Table 2 Initial axial displacements of soil samples under different

temperatures and dynamic loadings

(mm)
ZNIEAE /kPa U -5C 10°C
70 0.6604 — —
100 0.6986 0.4784 0.4641
130 0.7359 0.6541 —
150 — — 0.5000
170 0.7792 0.6960 —
200 1.3708 0.7391 0.5525
250 — 0.8045 0.6518
300 — — 0.7772
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Fig. 3 Initial axial displacements of soil samples under different

temperatures and dynamic loadings
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Fig. 4 Residual strains of normal-temperature soil samples under

different dynamic stresses
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Fig. 5 Residual strains of soil samples at -5°C under different
dynamic stresses
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Fig. 6 Residual strains of soil samples at -10°C under different
dynamic stresses
3.4 RENIRANERIFM
LB 7, 8 ATLAE Y, [FAISES R LR R 4RI
T, BEEEREMREC, AR NA D BEESIM
T3, AR R R AR AR TR IR AR
FE— B RBUG, A [F)R L L BRSSP AT
R 10000 477K, 100 kPa B8 AT, -5 CIRFERAR
P IR 17%, —10°C IR IRl AR
AT 38%; 200kPa BN /1R, —5 CIFEEER AR

10
08
Y
& 0.6
’@(
&
04
= 3 - ¥R
: o 5T
02 % s -10C
0 2000 4000 6000 8000 10000

TR
7 ARIBE TSR EE 100 kPa AR TR IGER
Fig. 7 Residual strains of different temperatures with dynamic
stress of 100 kPa
30

N
n

N
=]

BRARRIAE/%
&

e il i

1.0
HiR
05 ° -5C
s -10C
I 1 1 1 ]
0 2000 4000 6000 8000 10000
AR RS

8 ARIRE TEIR JIMEE 200 kPa AR TR IGER
Fig. 8 Residual strains of different temperatures with dynamic

stress of 200 kPa

Table 3 Dynamic failure stress thresholds under different

temperatures
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Fig. 9 Dynamic failure stress thresholds under different

temperatures
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