Effect of Curing Conditions on Long Term Strength of

Lime and Cement Treated Solls
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Stabilization using lime or cement has been a widespread technigue for soils with poor geotechnical
performances. Various studies have been conducted on their physical and mechanical properties including
strength and durabllity. However, the effect of curing conditions on the long term strength of lime and cement
treated soils with lower binder contents are not well understood. In this study, therefore, unconfined
compression tests were conducted on lime and cement treated surplus soil under two curing conditions called
“‘sealed” and “soaked”. It was Inferred that the differences In strength were caused by the differences of
physical and chemical properties of stabilized soils which changed due to curing conditions.
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(1) Introduction (2) Materials and testing method
Environmental exposure conditions of a road embankment _ _ _ _ . .
Physical and mechanical properties of Miho sand Mix proportions
_ N SE AL Binder content Curing Water type
_ Soil classification (JGS 0051) : type type
Heavy rain / long-term heavy (sandy soil) Sealed
rain : : : 5%, =
j (acid rain) Sl partICIe denSIty’ Ps (glcmS) 2.693 Li 2% Soaked Acid water
Ime
Optimum water content, W, (%0) 21.6 3.8% Sealed _
Road embankmen _ _ Soaked | Acid water
Mountain Maximum dry density, pgymax (9/CM?) 1.624 e Sealed j
Sand (%0) 2.9 Soaked | Acid water
Spring water/ Silt (%) 21.6 cement Sealed
i 0 5.3% —
cont\ir;:f te 5 _ Clay (%) Call Soaked | Acid water

Chemical properties of Miho sand and binders

Simulation of curing conditions in laboratory | Tio, | AlLO, MnO €0 | Nao | ko0 | Ppo,
Case A Case B (wt %) | (wt %) (wt %) (Wt %) (wt%) | (wt%) | (wt%)
()
Sealed condition Soaked condition WU 6169 073 1992 68 011 129 148 118 154 010 0.3
Constant temperatureg Constant temperature

Acidic water (pH= 4.5) 2436  0.28 8.65 1.85 0.13 198 6187  0.31 0.46 0.16 3.13
(a) Unsaturated H,504 : HNO, : HCI=5: 2 : 3
(b) Saturated VN e G iy 221 010 075 074 <001 102 1022 016  <0.03  0.03  <0.02
1 day before testing and soaking water 1:5 \/
. - » Specimen size: Diameter 50 mm, Height 100 mm
(¢B)
% » Degree of compaction, Dc=90 %
Q
& » Unconfined compression test (JIS A 1216) conducted after 7, 28 and 168 days.
o

» The amount of calcium and sulfate ions and pH in the soaked water measured at each time water exchanged.

(3) Results and discussion Effect of physical properties Effect of chemical properties
i : q
Lime Strength ratio at 168 days = ——eakedunsat)
800 Qu(average saturated) 14 5% 389
T / o ) 0 ooooooo 0
i @ 3.8% Sealed (sat). OL3.8% Sealed (unsat) (a) Lime 3.8 % (b) Lime 2.5 % . o P
> 700 - @ L3.8% Soaked (acid) & L2.5% Sealed (sat) 25 | 25 25 : 25 ‘
‘XO’; ©L.2.5% Sealed (Unsat) #1.2.5% Soaked (acid) ‘WS _168 WS _168 12 1
g 6007y ae=eT B 2 - ou_ 168 | 2+ 21 o OU_168 2T o T 11
O RO L L L = 1 3 = AA 168 1 S —
s .| O  __ae--- = AA_168 ‘ =3 o o - i
7 9001  goae---T 5151 Ga 15 | 8 5 15 - | 15 | 3 10 1 ~<_ .0
© J o N 3 2 B : 9
% 4004 S E i I ° c 1 -* ””””” 1 4+ * ffffffffffffff & 1 gt | B 14+ .ﬁ ———————————————— Initial pH of water in the range of 4.3 to 4.9
3 A A ¢
S 300 - 05 | 05 | | 05 A 05 1 A -
D 0 20 40 60 80 100 120 140 160 180
.E 200 - x@- --------------------------------------- X 0 — 0 i 0 —f 0 i Curing period (days)
S 5 70 - 9(2_ S %/10 1.3 14 1.5 70 90 110 1.3 1.4 15
S 100 - _ L R i egree of saturation, Sr (%)  Dry density, p, (g/cm?3) Degree of saturation, Sr (%)  Dry density, p, (9/cm3) pH values of soaking acid water had increased up to 12 in lime
0 (c) Cement 5.3 % (d) C . treated soils and 11 in cement treated soils initially, while those
T T T T T T T T T T T T T T T T T emen . 0 - - -
0 20 40 60 80 100 120 140 160 180 25 - 2.5 . | e values started to decrease gradually with the curing period.
Curing period (days) 5 oU 168 § WS _168
C ¢ | ou_ o AL | . | 5L 5 2500 800
emen ) AA_168 - OU_168 | . t2é58°$ 32% from 6496mg 80 % from 855mg
2000 o | 1 &5 I . 0 -
{1 @Cb5.3% sealed (sat) O C5.3% sealed (unsat) o S Lol o 1.5 | S 15 - % | AA_168 15 4+ g 2 oo e C35% \4 2 . ’ﬁ—
< ® C5.3% Soaked (acid) & C3.5%sealed (sat) % . %%' 7777777 . (g % | g —C53% 2 04 P -
= ] ©C3.5% sealed (unsat) ¢ C3.5% Soaked (acid) __--- ) o 3 . T A x q. - 14+ f 77777777777777777 . Z;?Gfrom o -
S — o . B o A 1 ﬂ B qg 1500 4 32%from 43§pm'g\m\lgl g /
< 1 | A | A 0.5 - 05 | AM 3 =Y E '
S ; | 3 c< _ = | =a0{ [/
3 ¢ A 0 5 | | = G000 | S T g€
= 1 70 90 110 1.3 1.4 15 0 i ' 0 ' 2 7 ok trom 3334 5 35 % from 1274mg
S 1000 - Degree of saturation, S, (%) Dry density, p, (g/cm?) 70 90_ 110 13 1.4 1.5 3 " A 3 :
2 . Degree of saturation, S, (%) Dry density, py (g/cm?) § - £ 200 -
E = ‘cé’ — - C35%
g o ] v In almost all the cases, the dry densities of specimens were maintained around 1.4 @ § — C53%
) | 0 . . ! . . U . . 0 T T T T T T T T
% I g/cm3 0 20 40C 60 80 _10d0é20 §40 160 180 0 20 40 60 80 100 120 140 160 180
o) _ o _ uring period (days culr ol (6
% v The degree of saturation of sealed (unsaturated) condition is the lowest. G
0 D v" Degree of saturation of soaked curing and sealed (saturated) curing is same. _ _ o
0 20 40 60 80 100 120 140 160 180 _ _ _ i ) Leaching of hydration products containing Ca and sulfate
Curing period (days) v Strength ratio of sealed (unsaturated) curing of lime treated soil is 1.5 or more.
> Under sealed curing strength increased with curing period. The strength ratios under soaked curing and sealed (saturated) curing was similar ions may affect the uniaxial compressive strength under
» For all cases Higher strength in particular curing age is in sealed- and always lower than sealed (unsaturated) curing due to the affection by the soaked curing in cement treated soil.
unsaturated condition. - : : : : :
degree of saturation. J In lime treated soil, leaching of Ca ions did not affect the

» It was observed almost the same strengths in saturated and

soaked specimens of lime treated soils.
> In cement treated soils, soaked specimens showed the smaller strength between sealed (saturated) curing and soaked curing is not only due to

strengths after 168 days. difference in physical properties but due to difference in chemical properties.

In cement treated soil, strength ratio of soaked curing is less than 1. Difference in uniaxial compressive strength under soaked curing until the

age of 168 days .
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