o526 B 7 B2 Of oM B F R Vol. 26,No. 7
2023 4 7 H JOURNAL OF BUILDING MATERIALS Jul. , 2023

XEHS:1007-9629(2023)07-0783-09

BRIME T ARSI T eriEit £ /Y
mENBESH

EAA, X owm', kdh', FORY, R
(1. R T 22 S TAE2ABE, IR BN 450007 ; 2. RS IAEE 4 - TRE S F TR I = TR
ET R R ERM 450007 3. RS E SCHI R AR P IR I BE , R S 450002)

FE RN XHEATH AT AR &£ 5 feik ERan XS Tk R TRAKT
& Kk~ @vh £ (L-MK) B R R KA G & (NHL) BOR S ik 232 5 5 & 2 69 TR, GFIRT T 1
BULALE) 2R AR FBRIRIE T TR AR R B0 3 e L-MK 2Ok i 3k 3% 2R3 5 &, W NHL
BOPEIE hE £ ) SRR, B2 20 R TR MGG L-MK BOb it bk £ 3% B 5 NHL 2O 3 b £ 3% 8
164 L5 RAfFida Ak, 8% m&% £ HF FL-MK&MEiEa + & 2 %/, B F8% &
10%NHL s B it ok £ L-MK 5 NHL s ik £ 3% & T AL B AZ 09 £ F 1 5 K AL & 4 KA i8R 45
(CSH) #4948 % & CaSO, 2H,0 F B Ik W4 R 6 £ R FA %, £ A L-MK %K NHL &8 T £ 5t
BB AR AT AT .

FR Lk B R MR B £ R AR KA B R B BR B T IR MG IR

RESES:TU599 M EkAR SRS A doi:10.3969/j.issn.1007-9629.2023.07.011

Strength and Color Difference Analysis of Lime-Metakaolin Modified Site
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Abstract: Influenced by different dry-wet cycles combined with acidic environment, lime-metakaolin(1L.-MK) and
natural hydraulic lime (NHL ) modified site soils were tested for unconfined compressive strength and split tensile
strength, and color difference analysis was carried out on the basis of color consistency. X-ray diffraction(XRD),
thermo gravity(TG) and scanning electron microscopy (SEM) tests were used to explain the strength degradation
mechanism. The results show that the strength of L-MK modified site soil increases first and then decreases with
the increasing number of dry-wet cycles in acidic environment, while the strength of NHL modified site soil decreases
monotonically. After 20 dry-wet cycles in acidic environment, the strength of L-MK modified site soil is more than
1.6 times that of NHL. modified site soil. Comparing the color parameters of the earthen site soil, the color difference
of the 1.-MK modified site soil (with MK content of 8% ) is less than that of the NHL modified site soil. The variation
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of strength is depended on the stability of hydration product calcium silicate hydrate (CSH) and the amount of

expansive material such as CaSO,+ 2H,0O produced. It is feasible to use L-MK instead of NHL in the field of site soil

restoration.
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Table 1 Basic physical parameters of earthen site soil

Physical parameter Value

Liquid limit/ % 19.20

Plastic limit/ % 8.22

Plasticity index 10. 98

Optimum water content (by mass)/ % 9.30
Natural water content (by mass)/ % 8.30
Maximum dry density/(g-cm ) 1.96

Sand (0. 075—2. 000 mm) 65. 66
Silt (0. 075-0. 005 mm) 32.48
Clay (<£0. 005 mm) 1.86

Particle size distribution/ %
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Table 2 Chemical compositions of metakaolin, lime and natural hydraulic lime

w/%
Material Sio, CaO Fe,O, TiO, K,O Na,O MgO SO, 1L
MK 51.71 1.09 2.32 0.94 0.11 0.14 0.17 0.10 1.27
L 0 95. 60 0 0 0 0 0.96 0.06 3.38
NHL2 8.33 68. 36 1. 60 0.14 0.99 0 4.16 0.67 13.13
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g.1 Unconfined compressive strength of L-MK and NHL modified soils under different dry-wet cycles
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Fig. 2 Appearance of sample 6 % 1.4 %MK under dry-wet cycles
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Fig. 3 Splitting tensile strength of L.-MK and NHL modified soils under different dry-wet cycles
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Fig.4 Failure modes for unconfined compressive strength and splitting tensile strength
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Table 3 Color space values of L-MK and NHL modified soils
n=0 times n=>5 times n=10 times n=15 times n=20 times
Sample

L a b’ L a' b L a b L a b L a b
6%L+8%MK  57.88 10.42 15.64 67.34 7.71 11.61 64.90 8.79 12.88 64.99 8.23 7.91 65.20 7.95 15.26
SUL+8%UMK  61.48 10.74 15.19 67.44 8.65 12.01 67.49 8.36 11.53 68.68 7.44 9.84 66.64 8.16 15.15
8% NHL 54.04 8.09 16.14 66.48 6.03 11.83 63.54 6.79 12.64 65.19 6.01 10.94 64.30 5.77 12.17
10% NHL 46.59  8.73 17.43 61.91 6.27 13.17 67.37 4.90 10.08 66.83 5.21 9.76 66.98 4.84 11.10

%4 L-MKRENHL XML 20k FRERE S R
THEEE
Table 4 Color difference between L-MK and NHL modified
soils and site soil after 20 dry-wet cycles

Sample L a b AE

6% 1L+0%MK 69. 23 4.97 8. 82 9.82
6% 1L+4%MK 63. 85 7.54 14. 06 3.12
6% 1L+8%MK 65. 20 7.95 15.26 2.31
6% L+12%MK 65.61 9.13 13.62 4.35
8SUL+0%MK 64. 39 5.14 11.26 6.10
SUL+4%MK 64. 86 7.22 13.14 4.02
8UL+8%MK 66. 64 8.16 15.15 3.29
8 L+12% MK 66.63 8. 89 11.21 6. 64
8 Y% NHL 64. 30 5.77 12.17 5. 06
10% NHL 66. 98 4.84 11.10 6.88
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4 6 n=20 times

30
20/(°)
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45
Fig. 5

AlL,0,+2Si0, + 6Ca(OH), + 9H,0 —>
4Ca0 +Al,O;+13H,0 + 2Ca0 +Si0,+H,O  (7)
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8% MK F1 8 % NHL H CSH 45 /K Ak 7 ¥y AH 7 177 5 e
S B Sh K RE 8% L+8 % MK 7E 10 YK T IR 1
A 10 477 S 0 25 10 B G O B i AR 8 Y0 NHIL
2O 5 B F e, R B 8YUL+8%MK Al
8 NHL 2 M M 45 i = il , 3 3 Ca(OH), 55 45 i
FHR B9 0, A K B ik 1 4 i CaS O, 2H,05
16 P VR B0 Jin 2 20 YIS, 2 Bk 1k 90 5 A i i Tk B i
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L. WO W S, ST S ——
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(b) 8%NHL
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XRD patterns of sample 8 %L +8% MK and 8 "6 NHL after 0, 10, 20 dry-wet cycles
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