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Study on Physical and Mechanical Properties and Damage Mechanism
of Loess Soil-cement Under Freeze-thaw Cycles
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Abstract: To investigate the internal structural deterioration characteristics and the evolution laws of
physical and mechanical properties of loess-based cement soil under freeze-thaw cycles, loess-based
cement soil materials were prepared based on excavated waste loess. Orthogonal experiments and freeze-
thaw cycle tests were conducted. The microstructural deterioration characteristics of the materials under
different freeze-thaw cycles were obtained through scanning electron microscopy. Precision electronic
scales, triaxial shear testers, and non-metallic ultrasonic detectors were used to measure the mass growth
rate, uniaxial compressive strength, and relative elastic modulus, respectively. Based on the range
analysis method, the influence of cement content, fly ash content, water-cement ratio, and composite
water reducer content on the physical and mechanical properties of the materials was systematically
analyzed. The results showed that with the increase in the number of freeze-thaw cycles, the
microstructure of loess-based cement soil gradually deteriorated; different components had significant
effects on its frost resistance. Among them, the mass growth rate was negatively correlated with cement
content, fly ash content, and composite water reducer content, but positively correlated with water-
cement ratio; compressive strength and relative elastic modulus increased with the increase in cement

content, fly ash content, and composite water reducer content, but decreased with the increase in water-
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cement ratio.

Keywords: loess based cementitious soil; freeze-thaw cycle; mechanical properties; microstructure ;

deterioration mechanism

0 35

B R P A PG A X T A A, R
AT T2 5 77 A n MR, < XU T 5%
T T R 255 ) FE A 9 105 0 30 T S 3k T 11 ' AR £
fif DB [l 2 — | T A% 48 i 7K U A 2B = R 3k
B AR R a COo, AR, TEILE ST, 3 R 5K
Ve 07 iz i A, BIUKE 8 4 8 AR K U £ 5 43 K
Ve, I8 AR IR TN A DA R il 5 g i e . o
A FKYE - SBT3 T [ U P R RN A e
i XU LR 28 B, 4R R i B AR 28 A K e
4, BATTRE AT S

AR [ PN A2 35 0 R Rl JE PR R KU 4
JI2EVERE M AR (L LA R AT TR IR AL T R
AAEA B S bR o B 1 R B R, S5 R,
25% 7K e i 17K e 3R 28 D5 R el R AE R )
ORISR R 3A 48.04% 7 A AE TR A4 Y
Rl BERL R R AIE I, I, 3 25 il ak s
FyBE S R s ARSI SOk Bk
Rk L, IR T ARl el R /K 8 - 76 VR sl s 2 4
FAF RIS BERRPE S S ERSE 22 Rl 5 X i K 7K
Je AR E T 2,V 222 38 R 4514 455 00
AP J e R 7K I8 = B ol IR 245+ A8 b 2 45 Ak HILBE
PEA TR AR AT 00 S5 SRR, A4 T AR Bl K U
=, AR e st oK e A SO 25 R AR B, FL IR A
I

A SR R R G PR AE R AN ) &R KF B A
Fe Y v - BROK 8+, R IR 22 40 A i 5ok e B i
TR FE RN Ry i 45 5 TV A K 7145 8 6 5 il
PEIE R W B 2 R e B s i R, 25 5 iR
F 8 s 8 1 oK IR L R AL P
1 REHRE5HE
L1 it

RIS M JGI/T 233—2011( K + Bl & 1t
BT MAR), BB AKREEZE (o,) BB KB R
(o ) HEEWAKNNBE(a, ) LKKE(u)d Fhiig
MR 2R BN R R B 3 AN, gk 1 R, AL
SPSS H A A 1 S B 1 A2 i B e S8 BUIE AS
RT3, Wk 2 s,
1.2 R &

AR 56 i FH R B A B P A8 P 4 T SE AR AR
i FE it T BT o e R KU 43l

F1 EXRWEITKTERE
Table 1 Horizontal factors of orthogonal

experimental design

R A 2
¥ a,/% u /% o,/ %
1 19 1.3 50 3
2 22 1.5 80 4
3 25 1.7 110 5
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Table 2 Orthogonal test proportioning scheme

R ay /% u o /% a, /%
Al 19. 00 1.30 50. 00 3.00
A2 19.00 1.50 80. 00 4.00
A3 19. 00 1.70 110. 00 5.00
Ad 22.00 1.30 110. 00 4.00
A5 22.00 1.50 50. 00 5.00
A6 22.00 1.70 80. 00 3.00
A7 25.00 1.30 80. 00 5.00
A8 25.00 1.50 110. 00 3.00
A9 25.00 1.70 50. 00 4.00
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Fig.1 Sample preparation process
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Fig.2 Compression test
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Fig.3 Relationship between the rate of mass change

and freeze-thaw cycles times
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Fig.4 Curve of mass growth rate under freeze-thaw

cycles with various factors
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Table 3 Extreme difference in quality change rate under

different freeze-thaw cycles times

VRO W
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2 0. 68 0.73 0.13 0.17
4 0.94 0.74 0.24 0.29
6 1.09 0. 80 0.31 0.33
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Table 4 Fitting curve of frost resistance performance parameters and freeze-thaw cycles times
. LA H R A H
Vi) - - : B (R?) - - BIEHE(R)
Al 4 872.076 6. 666 2 113.904 0.990 44. 096 7.267 55.500 0.998
A2 4 685.070 6.318 1 441. 002 0. 996 43.922 6. 008 54. 966 0.984
A3 4 237.026 5.363 4 237.026 0. 985 43.946 6.532 54.773 0.979
A4 3 755.620 7. 125 4 212.349 0. 995 29. 835 5.842 70. 331 0.995
AS 3 340.279 5.339 3 196.318 0. 995 35.284 5.026 64.092 0.991
A6 3 553.856 5.104 2 097. 668 0. 995 38.782 4. 681 60. 266 0.982
A7 3 864. 655 10. 673 4 452. 809 0.998 24. 835 5.728 75. 448 0.993
A8 3 579.249 8.519 3 167.403 0.998 30.275 4.522 69. 379 0.989
A9 3 683. 194 8.523 2 516.995 0.997 31.457 3.891 67.908 0.984
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Fig.5 Changes in mechanical performance parameters

under different freeze-thaw cycles times
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Table 5 Range analysis of mechanical property parameters under different freeze-thaw times cycles

i A R VR SR b 2 IR SRPERE RO 2
W ay u o @, ay u o @,
2 1297. 69 1916.52 464.52 640. 89 3.30 7.23 1.37 1. 87
4 1477.12 1 891.16 468. 01 690. 93 3.67 6. 10 1. 67 2.13
6 1 689. 55 1 849. 85 479.93 697.98 5.57 5.77 1.97 2.30
8 1 817.38 1 803. 94 507. 39 711. 66 6.97 5.70 2.37 2.83
10 1 862. 33 1785.21 489.77 767. 87 8.90 5.07 3.53 3.83
12 1912.01 1777. 65 525.15 791. 02 10. 00 5.03 3.73 4.50
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