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Figure 1 Grain size grading curve of sand
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Table 1 Test sand compaction index

WSS RETKE/ % RRTEE/ (gem™)
T-0 12. 286 1. 696
T-1 12.576 1.703
T-3 13.584 1.784
T-5 12. 675 1.817
T-10 11.162 1.881
T-15 10. 683 1.947
T-30 7. 106 2.103
T-40 8. 444 2.109
T-50 8.723 2.105
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Figure 2 Self-made low temperature test chamber
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Table 2 Triaxial test scheme

I R S/ RE [l JE/kPa
—_— T-5 1,3 ”é’ﬁ% 100,200,300
. T-15 1,3 =i 100,200,300
T-30 1,3 R 100,200,300
T-5 0,1,3 -10°C 300,400,500
K 7L = il T-15 0 -10 °C 300,400,500
e T-30 0 -10 °C 300,400,500
T-40 0 -10 °C 300,400,500

TR 50 SR T S 1 45 R 2 4 AH R 1) L TR
B He S KR L SR B DA AR T K T ) 4 1
WOREAE B B4 P ekl 24 h 543 3 R EHIAAE, %
T = R T SR FH K Sk R R A A0 R AT AR R
=R R R JE B R AT R R A SR S %
NS AE-10 C T HEIEIRY 24~48 h JFH Tk
mak .

3 EESESN

3.1 BRETHBHLESR

AR A 3 0 45 2R 2 o A [] B b i b AR R 45 0 AR
() IR B2 N R 4, WL 3 TR, % ) R 4G R
G300 4 A B B PR R B o v BB E Bl
Ak TR B, OPCE R R B, B AP FE 5 4 A B
() A SE e, 0 L BE B B D B AR, @3 ¥ B,
TREE VK53 Ry A% A A A P A 2 B8 K ¥ B AT A
BN KA G T A N UK AR SR 35 3 i R B
B SR OK A% 5 98 J5 I L vk A% 2 A & P A K 3ok
BUVK o VKK AH 72 5o 7 rp B Bl CE T AR R i, A
TR BE FF 0532 40 1] T, R B, vKOK A A2 il 5 0
B ] BR855 vh B 0 A= B B 3l A P i TR BE 4
FEMEE RS . @Ak T B, M b K4 19 A
MK 45 VKI5, 2 25 7 #5947 i, b A Ak 2 ) PR B R

i & 3 AT, 1% 3% & 3 s i AR AT A i v
B H 3% S 3 AR 0y v B (O e IR 5 R A TR
FERIZEE ) B/ 302 T B i 4 I, T B
Wt B A T K g R A T R Uk 2R T
A5 - R 55 UK B2 Mk F N S5 AR 4 AT,
R RE RS IR EAE-0.7~-0. 1 CZ N, RE5IR
BE WA SR 8N, B0 BT T A DR TR LR
VS VR M FE 4 v T R AR VS W O °C B P A VR B A
0 CZ B3yos i T fh A ™ 28 $h 45 &, R 45 I &%
TO0AE AL TV VB 32 422 0 2 U B2 T T R v B AR
TS0 R 5 T BE 52 L B VD VA R T S AN

B I DR R B A ) Eh 46 R 2 4
v T AR A0 7K B 22 [a] I A pr 5 BRI, kR
BAR B ARADK &R 2 S KRBARR, 2028 £ 1%
23 1L T % K 3 0 B AU T A AR W 39 % R kb
T 0 VR 45 T B AR AR A X 1% AR, L4k + &
B e IR, R R R R R AR

30 05 \ -
20 -
—=—T-0
o 10 o 1)
= —s—T-3 1200
o —— T
B 0r . 1o
——T-15
1oL —— T30
—e—T-40
—+—T-50
,20 I I 1 1 I
0 300 600 900 1200 1500
fif 1) /min
(a) 1% & H B
30
20t ,
2 ot - X \
o - ' N .
= & 4800 1000
- 0 —+—T-10 /_ _ W[E]/min
Fo T S‘
——T-30 R
—e—T-40
-10 e T-50 San
0 300 600 900 1200 1500
I [A]/min
(b) 3% 7 Eh b AE

B3 REMREHLE

Figure 3 Temperature-time history curve
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Figure 4 Freezing temperature of sand samples at

different gradation
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Figure 5 Curve of salt expansion rate with

different temperature
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Figure 6 Deformation accumulation diagram of different

gradation sand samples at different stage
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Figure 8 Stress-strain curves of sand samples with different gradation
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Figure 9 Failure stress of each sand sample

with the increase of fine-grained soil content
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Figure 10 Typical failure pattern of frozen sand
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Figure 11 Stress-strain curves of frozen sand under different confining pressures
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Figure 12 Failure stress of frozen sand with

the increase of fine-grained soil content
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Analysis of the Influence of Mud Content on the Engineering Characteristics of
Sand Sulfate Saline Soil

ZHANG Shasha, ZHANG Chao, WANG Xuchao, ZHAO Yanhu

(School of Highway, Chang’an University, Xi’an 710064, China)

Abstract; In order to study the influence of mud content on salt swelling and mechanical properties of sand sulfate
soils, sand sulfate soils with different fine-grained soil content were manually configured. Based on the unidirection-
al freezing salt swelling test with 1% and 3% salt content, sand samples with fine-grained soil mass fraction of 5%,
15% , and 30% were selected to conduct triaxial shear tests at constant and low temperature. The results showed
that with the conditions of this test, the freezing temperature of sand sulfate saline soil of different levels was within
the range of —0.7--0.1 C. When the pore solution concentration of the soil samples reached saturation above the
freezing temperature, salt crystals could first be generated in the cooling process. With the condition of 1% salt
content, the initial swelling temperature of sand samples with high fine-grained soil content ( =30% ) was in the
range of 4=9 °C, while the initial swelling temperature of sand samples with low fine-grained soil content was near
0 °C. The swelling temperature of 3% salt content sand sample was 20-23 “C. The process of salt frost heave was
inseparable from the participation of free water. The test water content and fine-grained soil content had a
significant effect on salt frost heave by influencing the content of free water in the soil. In terms of mechanical
properties, with the increase of the content of fine-grained soil, the shear strength of sand sulfate soils increased
first and then decreased, and the fine-grained soil changed from enhancing friction to " lubrication" between

" soil-salt-ice skeleton structure" with a

particles. In addition, after freezing, the sand was transformed into a
stronger bearing capacity, and the shear strength increased greatly, showing obvious brittle failure characteristics.
Affected by relative temperature, the failure stress of frozen sand decreased first and then increased with the
increase of salt content.

Keywords: sand soil; saline soil; salt swelling test; triaxial shear test; fine-grained soil content; SEM test
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