CHAPTER IV

RESULTS AND DISCUSSION

4,1 Effect of Lime on Soil Plasticity

As shown in Table 2, the liquid limit of the soil tended
to decrease but the plastic 1limit increased sharply when mixed with
2, 4, 6 and 8 percents of lime Fige 1 and Fige 2 were plotted to
show the alterations in liquid limit and plastic limit relative
to the age of mixing time respectively. A little decrease in
liquid limit was observed as shown in Fige. 1. However the plastic
1imit of the soil~lime mixtures are increasing at the eariler days
of age as shown in Fige 2. AS the number of days is increasing
the plastic limit of the mixtures is slightly change. From the
tested results the addition of 6 % of lime gives the maximum
increase of the plastic limit of soil in one day from 14,36 % to
about 38 %e And this mostly remained constant after onc day age of
mixinge At the lime content of 8 %, the plastic limit was raised
to only about 29 = 31 %. This means that the amount of lime which
caused the highest increasing of plastic limit of this type of soil

or reachinz lime fixation point is about 6 %

The net effect was a decrease in the plasticity index of

the soil as shown in TFige 3, the plasticity index dropped sharply



27

when the soil was mixed with 6 % lime and mostly remained constant
with an increasing of age. This change in the plasticity can be
attributed to the base=exchange reaction of soil and lime ieee Catt
replace the weaker univalent ion Na*t and H+, and the increasing of
calcium ions on the surface of the clay particle, resulting in
flocculations Conseguently, the lime content of 6 % was selected
for the preparation of lime-cement stabilization in the second

phasc of investigatione

Part of the scatter in the experimental values was probably
due to the low accuracy of the plasticity tests. However, plasticity
indices were ordinerily considered to be accurate and reproducible

to within 2 or 3 percente
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Table 2 - Soil Plasticity and % Lime Content

Plasticity IndeJ

Lime Content | Time Liquid Limit| Plastic Limit

(%) (days) (%) (%) (%)

0 - 59.50 14,36 451k

2 1 58490 2449 3holt1
2 58430 25.42 32.88
3 58400 2794 30406
4 5790 32443 25447
5 57470 32420 24,50
6 57.80 33.62 24418
7 57470 33.85 23485

4 1 58430 32.78 25452
2 58.00 33.28 2ke72
3 57430 33,89 23441
4 5760 34,62 22498
5 5710 34437 22473
6 56,80 34,78 22402
7 56460 3548 21412

6 1 56430 38439 1791
2 55480 38.14 17.66
3 56420 38.25 17495
4 55490 38.26 17.64




Lime Content Time Liquid Limit |{Plastic Limit |Plasticity Index

(%) (days) (%) (%) (%)
5 55490 38422 17.68

6 5580 38,20 1760

7 55480 38.29 17451

8 1 55450 28.94 26456
2 55420 29428 25492

3 54460 29.85 2475

b 54420 30443 23477

5 5ke20 30477 23443

6 Sk,20 31.30 22490

7 53470 31423 2247
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L,2 1ime = Cement Stabiliamation

ko241 Optimum Moisture Content and Compacted Dry Density

Trom the compaction curves, shown in Appendix, Fige
A 2, the lime-cement stabilized soils give the same type of
moisture=density relationship as untreated soil. Table 3 illustrated
the effect of the addition of lime and cement on the compaction
characteristics of the soils Fige 4 and Fige 5 were plotted to
show the varistion in the optimum moisture content and the maximum
dry density of the soil due to effect of the stabilizerse Fige 4
showed that the optimum moisture content increased from 28,2 % of
raw soil to 29,4 % at 6 % lime with 5 % cement and then remained
nearly constant when cement content was more than 5 %, Fig. 5 showed
also that the maximum dry density Adecrensed from 1.448 gm./cm? of
raw soil to 1.430 gm/cm3 at 6 % lime with 5 % cement, This indicated
that when lime was added to the soil, at first it would increase
the optimum moisture content and degrease the maximum dry density,
The mixing of cement to the lime-soil mixture, would also cause
the optimum moisture content to increase and the maximum dry
density to decreases This is observed until the gement content
reached 5 %, the optimum moisture content and the maximum dry
density seem to be nearly constant. These effects are attributed
primarily to the increase in stability which is derived from the
immediate cation exchanze and to the flocculation and agglomeration
reactions that further occured when cement was added to the lime=
soil mixturese Since the flooculation and agglomeration reactions

reduce the specific surface of the mixtures and also the lime
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Table 3 = Optimum moisture Content and Dry Density of Raw

S50il and Lime=Soil Mixture at Various Cement

Content

Lime Cement Optimum Moisture Dry Density
(%) (%) Content (%) (gn/cn’)

0 0 28420 1448

6 3 29420 10436

6 5 2G 440 1¢+30

6 ? 29,40 1430

6 9 29440 14430
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treated phase reduces the number of unbalanced charges of the soil,

hence the amount of ca’™ required to replace in cation exchanging

process when adding cement seems to have some optimum content, This

optimum percentage of cement was observed to be 5 % for this case,
442,2 Strength

In general, lime and cement are beneficial stabilizers
in the improvement of the soil properties including strength and
stability. For the soil with high plasticity, lime is the most
widely used to reduce the plasticity at first, and after that, cement
is used to inoreasc thc strength of the mixtures. Base on this
assumption the lime content as "lime fixation point" that will be
used for Nong Ngoo Hao clay is 6 %. And the cement.concentrations
to increase the strength are 3 %, 5 %, 7 % and 9 % of the dry weight
of the mixtures, The speciméns are compacted at the various water
contents and cured for the specificd periods of time,

The effect of cement content on the compressive
strength at the same amount of lime is shown in Table 4, It is noted
that as the cement increases the strength also increases. Usually
the increasing of strength of ccment-stabilized soils requires the
adequate moisture in the mixtures during the specified curing period,
and it depends not only on the amount of added cement but also
depends on the properties of the soils Fig. 6 showed the rate of
strength development on the addition of various cement contents at
the curing period of 7, 14 and 28 days. It showed that the strength

increased with incrcasing percentage of cement and also increasing



Table 4 = Maximum Strength of Raw Soil and Lime=Soil

Mixture at Various Cement Content after 7, 14

and 28 Days of Curing

Lime | Cement Curing Time Maximum Strength
(%) (%) (days) (kg/cn®)
0 0 = 395
6 3 7 5400

14 S5.24
28 5492
6 5 7 6.85
14 715
28 8¢15
6 7 7 9.20
14 9.25
28 14.70
6 9 7 12.30
14 12450
28 17.22
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Table 5 = Maximum Dry Density, Optimum Moisture content and Molding Moisture

Content at Maximum Strength after 7, 14, 28 Days of Curing

— ceucst |Max. Doy Gptlunh Molding Moisture Content | Maximum Unconfined Compe
at Max. Strength for gtrength for Curing
% % Density |Moisture Content Curing Period (%) period (kg/cma)
by wte | by wte | (gm cmB) (%) 7-day | 14=-day {28-day 7-day [14-day |28-day
0 0 1.448 28.20 ‘ 28.30 3.95
6 3 1.436 29,20 29.00 29,00 | 29.20 5.00 5.24 5.92
6 5 1.430 29.40 28.80 29,00 | 29.20 5.85 L P 8451
5 7 1.430 29.40 28.60 28.80 | 29,10 9.20 9.25 |14.70
6 9 1.430 29.40 28.60 29.00 | 2920 | 1230 |[12e50 [17e22
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of curing time; Tt is noted that the rate of strength development
was higher and increased sharply after 14 days of curing for the
mixture that contained 7% and 9% of cement. This may be explained
by considering first the mechanism of lime and soil reactione The
reaction of lime and soil silica or alumina will result in imme=-
diately immobilized as insoluble silicate or aluminate. So, the
addition of cement which is distributed between soil particles will
form a cementitious silicate or aluminate gel that confined to a
thin zone aroungd each cement particle. With higher cement content,
the zones of gel formations are expanded and later these zones will
overlap each other result in the sharp increasing of strengthe The
amount of cement that causes thin zones of gel around each cement
particle to expand and begin to overlap each other seem to be
optimum content, For this case of study, the optimum percentage
of cement was observed to be 5 % Hence for the cement content
of 7 % and 9 %, the excess cement in the mixtures will act like a
filler that stimulate the pozzolanic reaction and then causes the
strength development to increase sharply. This results in the
overlapping of the zones of cementitious silicate or aluminate gele
If 250 lb/in2 (17 kg/cma) of compressive strength
were use : as a design criterion, the minimum period of time required
to satisfy the specified strength would not be less than 28 days.
And the minimum amount of cement required to stabilize this soil
should not be less than 9 % for lime content of 6 %« Thus the

most significant consideration in stabilizing this soil is the time



b1

required for specified strength. It should be also considered the
effect of lime-cement from the other tests such as C.B.R. test and
durability test,

The results from table 5 confirmed that the optimum
moisture for the maximum dry density and the optimum moisture
content for the maximum unconfined compressive strength were not
the samees For raw soil, the moisture content for the maximum
strength was slightly above the optimum moisture content for the
maximum dry density or on the wet side. Tor stabilized soils,
the moisture content for the maximum strength was slightly below
the optimum moisture content for the maximum dry density or on the
dry side.

.4'2'3 Effect of Curing Time

When the soils are stabilized with lime and cement, the
reactions between soil partisles and stabilizers will take times.
It is necessary that soil stabilized mixtures must be cured so that
the hardening process can take place. This is the evidence that
soil mtabiliz:d mixtures continue to gain strength with an increase
in the duration of curing. Among the various factors affecting the
rate of increasing in compressive strength, the most important
things are the kinds and properties of soil and the concentration
of cement, Fige 6, Table 4 and Table 5 presented the data on lime=
cement stabllization. It showed that; (i) the strength of lime=-
cement stabilized soil increases with curing time, (ii) the rate

of strength development is less increase at 3 % and 5 % of cement
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content but more increase sharply at 7 % and 9 % of cement. This
probable reason was explained in 4.2.2. Table 5 showed that the
moisture content for the maximum unconfined compressive strength
increased with prolonged curing periods. This may probably due
to the required cxcess moisture to the reaction of pozzolanic

reaction of lime and hydration of cement for long curinz periods,

4,3 cCalifornia Bearins Ratio Value

The specimens prepared for C,B.R, test in this study were
compacted by Standard energy at the optimum moisture content and
had been cured for 7 days prior to testing. The C,B,R, was

investigated both unsoaked and soaked samplese.

Fige 7 and Tig. 8 showed the load penetration characteristics
of untreated soil and lime-cement stabilized soils under unsoaked
and soaked condition respectivelys The C.B,R. values increased
with further increase in the percentage of cement at the same lime
content as shewn in Fige 9+ It showed that the C,B.R, values of
unsoaked condition were higher than that of soaked condition. The
soaked C.B,R, valuc is generally the most widely used to determine
the bearin; resistance of the soils, Table 6 and Fige 9 illustrated
that there were large increased in the C.B.R. value development
when the amount of cement were more than 7 ¥ at the same lime
content, At 9 % cement, the C,B.R. value was about 100 % of that

7 % cement at the same amount of lime. That is, the C.B.R, value
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Table 6 = Comparison of % C,B.R, under Unsoaked and Soaked
Conditions, and Swelling of Raw Soil and

Stabilized Soil

Lime Cement C.P:B. C.B.R. Swell
% % % % %
Unsoaked soaked
0 0 6.59 1.23 1.42
6 3 16.68 12.49 0.62
6 5 28.23% 22.93 0.22
6 7 3333 30.46 0.09
6 9 6844 63431 0,04
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ranged from 30e46 % of 7 % cement to 63,31 % of 9 % cement.

As shown in Table 6 and Fig. 10, it is interesting to note
that for soaked condition the swelling decreased sharply as the
cement content increased at the same amount of lime under 10 lbs.
surcharge weighte ‘hen 6 % lime and 3 % cement were added to the
soil the swelling decreased from 1.42 % to 0.62 %, this is about
56 % in reductions And the swelling decreased from 1,42 % of
raw S0il to O.O4 % of 9 % cement plus 6 % lime which is approximate
97 % in reduction, The results obtained from Table 6 indicate that
the cement content has a significant effect on soil stabilization

in the swelling reduction property.

In general constructions, the minimum C.B.R. value that has
been used as a design criterion is 25 % for subbases. The results
obtained from Talbe 6 indicates that the soil stabilized with 7 %
and 9 % cement at 6 % lime content are satisfied. Consequently,
the suitable cement content for stabilizing with 6 % lime is ranged

from 7 % to 9 %

Lo4 Durability Test

Most of cement - stabilized soils have sufficient stability
to carry local traffic after being compacted to the maximum dry
density at optimum moisture content. As hydration of the cement
progresses, the stability of the cement-stabilized soil will

incrcasee Accordingly, the durability test is designed to determine
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whether the soil=cement mixture can withstand the severevariations
in moisture which often occur in field conditions. The effect of
the durability testing on the height and volume, water content, and
dry density was not significant for most of the mixtures tested.
The significant one is the soil loss due to wetting and drying test

which known to rcpresent the durability of the miXtures.

As shown in Table 7, the total stabilized soil loss after
12 cycles of wetting and drying decreased with an increase of cement
content at the same amount of lime. These results exhibit that the
durability of the soils will increase with an increase of cement

content.

Fije 11 showed the effect of moisture content which related
to the total soil loss after 12 cycles of wetting and drying. It is
noted that the total soil loss on the dry side is higher than thgt
of the wet side, The probable reason can be explained that at the
dry side the water films around the particles of soil are small
which result in the lower repulsive force between soil particles
prior to testing compared to the wet sides During the test, the net
increasing of repulsive force between soil particles is therefore
greater on the dry sides. This cause has an effect on 1l00sén up the
soil particles, hence at any cement content the total loss on the
dry side is higher than the wet side, It is also observed that

the difference in total loss is decreased as the cement contents
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Table 7 - Detailed Results from Wet-Dry Test
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Lime |Cement | Optimum 'Initial | from opt. A Wet [Calculated | Final (Corrected sofl
by wt.iby wte .Moistareiuoisture |Moisture 1Weight i Oven-Dry !O?en-nry Oven-Dry | Loss
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| L .
1 | 1
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9 32.28 +2.08 14740 1,315 14235 1,193 9.28
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9 36.20 +6.00 1,687 1,236 1,120 1,082 12.46
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in the mixtures is increased, This is because of the mechanism of
depressinz of double layers water around soil particles., Further-
more, the total soil loss as shown in Fig. 11 is remarkably reduced
when cement contents in the mixtures are increased. This is,
because the additional stabilizers give more ion concentraticn to
the soil water system hence reducing the repulsive force between

particlese
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