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Table 1 Basic physical parameters of silty clay
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Table 2 Test plan of metakaolin modified lime (mass ratio)

E ¥ a2 AR PR MERE L AKER%  WERESE% KL% i 19/d
A-l L13-MKO m, 13 0 30 3 7 14 28
A2 L13-MK3 m, 13 3 30 3 7 14 28
A-3 L13-MK7 m 13 7 30 3 7 14 28
A-4 L13-MK10 m 13 10 30 3 7 14 28
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Table 3 Test plan of lime content (mass ratio)

VIE TR TRE A4 K WAL AKER% e SR KER/% i#%191/d
B-1 L7-MKO m, 7 0 30 3 7 14 28
B-2 L10-MKO m 10 0 30 3 7 14 28
B-3 L13-MKO m, 13 0 30 3 7 14 28
B-4 L16-MKO m 16 0 30 3 7 14 28
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Fig. 1 Freeze-thaw cycle time history
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Fig. 2 Relationship between freeze-thaw cycles and

unconfined compressive strength
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Table 4 Fitting formula of the relationship between uncon-

fined compressive strength and freeze-thaw cycles

P,=a,N’+b,N+c, (kPa)

BRI e, R, RMe, WERER
L13-MKO 0. 643 -19.73 543.5 0. 982
L13-MK3 0.953 -27.03 634. 1 0.977
L13-MK7 1.269 —37.44 784.9 0.973
L13-MK10 1.987 -57.75 1 000. 8 0.962
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Fig. 3 Relationship between freeze-thaw cycles and cohesion (a) and internal friction angle (b)
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Table 5 Fitting formula between freeze-thaw cycles and

cohesion
" P,=a,N*+b,N+c, (kPa)

B BEA B —

¥, F¥b,  F¥c, WMERER
L13-MKO 0.281 -9.13 288.8 0. 980
L13-MK3 0. 300 -8.70 296. 1 0.977
L13-MK7 0.343 —-8. 60 309. 6 0.963
L13-MK10 0. 487 10. 58 343.6 0. 960
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Table 6 Fitting formula between freeze-thaw cycles and

internal friction angle

P,=a,N*+b,N+c, (kPa)

OB 44 , :

F¥a, FMb, F¥c, WERMR
L13-MKO 0.018 —-0. 525 29. 36 0. 985
L13-MK3 0.018 —0.523 30.29 0.982
L13-MK7 0.023 —0. 666 32.60 0.977
L13-MKI10 0.031 -0. 886 35.97 0.959
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Fig. 4 Gray-scale results (a) and pore extraction diagram (b)

of freeze-thaw cycle samples after curing for 7 days
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Fig. 5 Relationship between porosity and freeze-thaw cycles
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Table 7 Fitting formula between sample porosity and

freeze-thaw cycles

. R=dN+e (%)

By Hd Fle  WERNER
L13-MKO 0.048 1. 008 0.997
L13-MK3 0. 038 0. 879 0. 990
L13-MK7 0. 037 0.618 0.998
L13-MK10 0.032 0.329 0.992
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Fig. 7 Relationship between porosity and cohesion (a) and internal friction angle (b)
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Fig. 8 Relationship between unconfined compressive

strength and curing age
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Fig. 9 Relationship between unconfined compressive

strength and lime content
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Table 8 Strength comparison of metakaolin modified lime samples
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B-3 L13-MKO m, 13 0 30 0.316 0. 547 0.722 0. 852
A-1 L13-MK3 m, 13 3 30 0. 428 0. 631 0. 863 1.122
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Fig. 10 Relationship between water content and curing age
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Experimental study on mechanical properties and pore characteristics of
the modified lime mortars under freee-thaw cycles

LIU Chunlong'?, LIU Fengyin’, HUANG Sujuan', FU Zheng®”,
WANG Rui*, WANG Songhe®

(1. Center of Highway and Transportation Management , Pingyang County Traffic and Transportation Bureau, Pingyang 325400,
Zhejiang , China; 2. Institute of Geotechnical Engineering , Xi’ an University of Technology, Xi’ an 710048, China;
3. Xi’ an TBEA Electric Power Design Institute, Xi’an 710119, China; 4. School of Civil Engineering,
Northeast Forestry University, Harbin 150040, China)

Abstract: It is an economical solution to replace slag using lime mortars as subgrade filler. However, lime mor-
tars has low initial strength, slow hardening rate, and long carbonization time, which is not conducive to rapid
construction. In this paper, the pozzolanic reaction between metakaolin and lime is used to improve lime mor-
tars. Through uniaxial compression testing and triaxial compression testing, the mechanical parameters of im-
proved lime mortars under freeze-thaw cycles is analyzed. The surface porosity of improved lime mortars image
is extracted by image processing technology, and the relationship between porosity and strength is established.
The mechanism of improved lime mortars in metakaolin is analyzed by studying the age, lime contents and mois-
ture contents. The results show that: metakaolin can effectively increase the reaction rate and mechanical proper-
ties of lime mortars; metakaolin can restore the loss of mechanical properties of lime mortars caused by freeze-
thaw cycle to a certain extent, and reduce the pores caused by ice crystals; after reaching the optimum strength,
the strength of lime mortars will decrease with the increase of lime, while it will continue to increase after being
improved by metakaolin; the pozzolanic reaction consumes more water than the carbonation process of lime mor-
tars, and effectively improves the frost resistance of lime mortars.

Key words: freeze-thaw cycle; strength; porosity; modified lime mortars; picture processing
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