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Effects of confining pressure and water content on failure strain
energy density for frozen silty sands

DU Hai-min, MA Wei, ZHANG Shu-juan, ZHOU Zhi-wei
(State Key Laboratory of Frozen Soil Engineering, Cold and Arid Regions Environmental and Engineering Research Institute,
Chinese Academy of Sciences, Lanzhou, Gansu 730000, China)

Abstract: Effects of confining pressure and water content on failure strain energy density of frozen silty sand are investigated in a
comprehensive experimental program of triaxial compressive test under the condition of various confining pressures and a wide range
of water content. The results show that when the water content is about 30.6%, the frozen soil is prone to plastic failure, while brittle
failure occurs at other water contents. The influence of confining pressure on failure strain energy density can be divided into low
confining pressures phase, medium confining pressures phase and high confining phase. And water content has an important effect on
the boundary confining pressure. Two types of the effect of water content on failure strain energy density are observed. When
confining pressure is low (50 kPa), failure strain energy density begins to increase with increasing the water content, and reaches a
maximum (600 kPa) at water content of 30.6%. Then, as the water content continues to increase, the damage energy density decreases.
When the water content reaches 60 kPa, the further increase of the water content no longer affects the damage energy density, i.e., the
damage energy density of the frozen soil is close to that of the ice. When the confining pressure is high (= 500 kPa), there is no
initial increase in the failure strain energy density compared to the low confining pressure stage.
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Table 1 Particle composition of silty sand

kite (mm) uH 143 L6/ %
2.000~0.500 1.85
0.500~0.250 8.03
0.250~0.075 47.44
0.075~0.005 36.57
<0.005 6.11
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Fig.1 Sample preparation equipment
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Table2 Water content and corresponding

dry density of samples
SOKE/ % T/ (gem’) BIKE/ % T/ (g/em’)
16.7 1.82 103.0 0.66
18.8 1.73 256.0 0.31
30.6 1.39 480.0 0.18
41.5 1.21 7K 0.00
63.0 0.94

3 WA NAR REE FERFE o A

B At ) AR R RSN, R R AR A
AL, DR, SRR (A A T AR — 2B 1 2 B
1o MRBIRPEAE R 40 I A2 T AR A bruER [RAE A,
FEHARAZ K 0, AT A PR A A K

Ayhy = A(x)(hy — x) (D

A A AR AR TR s (o) AR FE 1%
AR T Ky x NIRRT R s by AR RE (R4
il (1) AJLifE

A(x) = @x (2)
1-2
ho

e=2 (3)
hO
Fal (3 AN (2D 17
A(8)=-iéL- (4)
1-¢

Bl 2 F o HERACRARNE IEBAII AR IR N ) -
AR EL, b AR (4) B IERm s A
BN - NAS R 2. 18] 2 R, T8 1% 10%H ) AR
JUHEIA, M2k a Sihsk b BEAE S AR, 25l
WAEKT 1% )5, A NAZ KRS K, P& 1
ZERLBEWIY K XV LIRS T 1%I, R
16 AR T AR ) 5 S AR5 188 L AR (1 P (R A
FEARSEN, HEBIRNARK T 1% )5, BEEBIR
AR, P AR iR S AL ZE BT K. I 2
FRTAE S, ek o J8 T NASKERAY, b JE
TNASHAR, XU (4) FTLLSS MmN J)-NAR
ISR o FEA SO, WRE IR AR 3K (4)
AT TEIES

a: ARG IERHRTE
1 b: fEIE T R

RN ) /MPa
)

0 4 8 2 16 20 24
A/ %
B2 AFRBEEEREIERM T N -RAR Lk

Fig.2  Stress-strain curves under different correction
conditions of cross-sectional area
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Fig.3 Typical stress—strain curves under different
testing conditions
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