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ABSTRACT | =

£

The present investigation is concerned with study of silty fine sand and twd types of

lime eash of them subjected to the vnconfined compression test, soil-lime and soil-lime- Nyash

mixture were subjected to the unconfined compression test with different percentages, The

test vesults revenl thot the soil stabilized with 20 percent of both limes show twice peak stress.

Soil-lime cured with oven dried as well asair dried, show a steady increase in the strength

with increase in lime up to 20% beyond this value, the contribution of lime is marginal, whicl

also - yield optimum strength, the study found that 10persent of both lime- Myash-soil mixtures
indicates an optimum strength, which can be economical in lime percentages ysed.

1- INTRODUCTION

Stabilization in a broad sense, incorporates the various methods emploved for
modifying the properties of a soil to improve its engineering performance . the main objective
of stabilizaion is to increase the strength / stability of soil and to reduce the constructinn cost
by making best use of the locally available materials .

After unification of Yemen it is 2 need to renew and constructe a transportation net to
connect the entire country by a modren net transportation . it is found In some places there is
a shortage in matural materials wsed to constructe n road, and it is expensive to brougth
construction materials from a far places so that , it is better to fined an alternntive like soil-
cement and soil-lime stabilization, keeping in maind that strenght, stability and duraibility
are importents . the final goal is availability of local materials o reduce the cost of
censtruction of road specially for low trafTic in a far places.

In this regards several research workers have been used different methods of soil
stabilization :there are large deposite of sandy and silty soils along the coastal aren, and foad
plains of the Indian rivers (Jalota and Patle, 1985 ). One of the low cost solutions {Ghosh,
elal., 1973 and Geocker eral , 1956 or road construction in cohesionless soils . To wse Myash

. b a e R BT . 4
and lime as stabilizing materials] ml:ﬁ:;.- and Mondal , 1988) studied strength | elastic
modulus and fatigue. The present papers concentrates on the study of percentages of mixtures
of twa types of limes with silty fine sand soil as well as soil-lime-Nlyash, curing relationship and
strength carachiteristic of the mixtures in depth.

2- LABORATORY INVESTIGATION

A comprehensive study was made with the objective of studing the effect of limes
afbie and limes- Myash stabilization on the curing and strength of silty fine sand .
The research include :

M- Determination of unconfined compressive strenght of 38mm diameter and 7T6mm
high eylindrical specimens of soil, Hmes, lime-soil and lime-Nyash- soil mixtore
after 3 days of accelerated curing at 60" C and normal laboratory temperature
curing up 1o 30 days,
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2-  Determination of {a) wunconfined compressive strength at different strain levels
for soil , limes, soil-lime and soil-lime-Nyash and (b) secant modulus at differcnt
strmin level for all the materials .
3- Development of correlation {a) between unconfined compressive strenght and lime
percentage . (b) between unconfined compressive strength and flyash percentage
and (¢} between unconfined compressive strenght and curing .

3- TEST MATERIALS

31 Sail
The soil used in the present study was silty fine sand with slighty plasticity collected
and brooght from Abivan government {150 km north of Aden City ). The soil was tested in
the filed and in laboratory of Faculity of Engineering . The engineering propertics are shwin
in Table 1 the partical size distribution is in Fig .1

3.2 Lime
Two types of Hmes have been used to mixed with soll as  a stabilize material. Both the
limes are locally available in the market, consider lime-] local name Abivan lime and lime-2
local name Sanda lime . It was then slaked in the laboratory . dried and sieved through 0.3mm
sieve,

3.3 Flvash
: Flyash , may be consider s a waste materinl available in most of Yemen house which
ean be easily available | ehemically content of the following elements of Silica , Alaminn and
Caleium Oxide. The reactive noncrystalline, Silica and Alumina react with lime in the
presence of water [orming a cementing material whit_h binds soil particles.

3.4 Quantity of waler
The soil-lime and soil-lime-flvash mixure was thoroughly mixed in dry condition and
then the water added was always maintain as optimum moisture content which found by
compaction test as 20% by weight of dry mixed.

3.5 Mix Composition :

a- soil-lime mixture iboth lime was wsed in the present study have been mixed with the
soil in percent by weight of the following range :5%, 10%,20%, and 30%.

b- soil-lime-flyash mixture: In the present study both the lime were mived with soil and
also mixed with Myash in different percentages by weight are given below:

Soil{%)  Lime(%)  Flvash(%) Combination

160 5 s L0:5:5

100 ] 10 1040 5: 10

100 5 15 100:5:15

1040 10 10 100:10:10

100 1] 20 100:10:20

1040 1] 30 LOd: 10:30
4 CURING

Two type of curing have been adopted in the present study are:
V = Air dry curing : The specimens of the soil-lime and soil-lime-flyash alter demoulded

kept Tor different period of coring in an open air dry, dried for different period of curing
of 24 hour, 10 20 and 30 days at laboratory temperature .

HANSHOOR
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s« COMPREESSIVE TEST

According to the period of the curing as per plan the soil-lime stabilized specimens
where subjected to the compressive strength was conducted by using the unconfined
compression machine, the specimens where placed at the lower plates and pressed carefully by
upper plate, dial gauge was fixed at the lower plate, the axial load was applied with strain of
1.5 r.p.m. till the specimen was Mild,

= Oven dry curing : On the other hand the demould specimens was kept in oven for 3
days at 60 C" temperature. accelerated curing (Anday, 1963).

The failure of the soil Jime soil - lime as well as soil - lime - flyash stabilized specimens
after testing are shwon in Fig.2 respectively It can be obtian from this figure that the filure
pattern of the soil-lime and soil-lime -flyash stabilized specimens are failed at an angle of 45°
approximately which ean be indicate that the soil particles are bounded with quantity of lime
and also fiyash strongly. Total number of specimens were 120 specimens.

6- EXPERIMENTAL PROCEDURE

The follwing experimental procedure was adopted @
1. The soil used in this study was dried up and cleaned .
2. The s0il was stored carefully and kept away from atmespheric moisture variation ,
3. Both limes and flyash have been sieved and stored away from moisture variation .
4. Lime and NMyash percentages by weight was obtained and kept ready.

3. Soil lime, flyash and water mixed thoroughly with certain percentage making a paste which
placed in the module by means of 3 layers and eash layer was compacted manuvally by rod.
6. The soil , lime , and flyash stabilized specimen was rmoved lrom the mould crefully and

kept for different period to dry.
7. After a certain curing period the specimen was subjected to unconfined compressive
strength .

7= RESULTS AMND DISCUSSION

7-1 STRENGTH OF SOIL

[n the present study , soil samples has been tested in the unconfined compressive
machine taking in to account that the dry density and its water content similar as that found
in compaction testyd =18.9kN/m’ and © =19.8). Two specimen were tested and the results
shwon in  Fig 3 it can be seen from the figure that as the strength increase. the corresponding
axial strain also increase . For example soil exhibits a peak strength of (45kPa and a failure
axial strain af 0.15),

7-2 STRENGTH OF LIME

The results of unconflined compression tests conducted on lime-1 and lme-2 are
presented and discussed . Figures 4 and 3 present the siress-strain curves obtained for lime -1
and lime -2 respectively at various curing period , it can be generally seen from these figures
that the peak stress and corresponding axial strain increase with increase in curing period .
For example lime-1 at 24 hrs . period exhibits a peak stress of { 12.5.kPa ) and failure axial
strain of (0. 02 )} , whereas these values at 2 weeks of co ring period are { 130kPa ) and ( 0.022)
respectively . It can also be notied that lime -2 exhibits higher strength and stiffer than lime -

HANSHOOR



/ The results show that in case lime -1 cured in oven for 3 days at 60°C and cored by air
dried for 2 weeks there is a marginal differences . But in case of lime <2 the redulis show a
significant differences .

T3ISTRENGTH OF SOIL STABILIZED WITH LIME

Figures 6 and 7 show the results of the unconfined compression tests conducted on
siol stabilized with lime -1 and lime -2 at different percentages . These Nigures preseat the
stress - strain curves  obtain for soil stabilized with lime -1 and lime -2 reshectively , which
cured in oven for 3 devs at 60 °C . It can be generally seen from these figures that the peak
stress and corresponding axial strain increase with increase in lime percentages . Broadly it
can be seen that the stress- strain behavioure of sofl stabilized with limes specimens is similar
to the soil and limes specimens .

A COMPARSION: Typical stress-strain curves obtained at different strain levels for soi ,
lime-1, lime-2 and soll stabilized with 20 percent of both limes cured in oven at 60°C for 3
days are illustrated in Fig § for comparison , it can be generally seen that as the stress increase
the corresponding axial strain also incrense as reported earlier. For example soil stabilized
with lime -1 exhibits a peak stress of (650 KPa) and a failure axial strain of (0,02 5} It can be
noticed that the soil stabilized by 20 percent of both limes show marginal variation in peak
stress . It can be concluded that the soil stabilized with 20 percent of both limes shows twice
peak stress when compare with peak stress of lime.

Table 2 and Fig 9 show the results of the unconfined compression test condueted on soil
stabilized with lime -1 at different percentage , cured in air dried for 30 days. It can observed
from the figure that as lime percent increase the peak stress also increase . For example soil
stabilized with 5 percent of lime exhibits n peak siress of (350 KPa) whereas this value nt 20
percent of lime is (1225 kPa). It can be noticed that at 30 percent of lime marginal peak stress
observed (1230 kPa) when compare with 20 percent.

7-4 STRENGTH OF SOIL STABILIZED WITH LIME FLYASH

a) OVEN DRIED :

Case 1t the results of unconfined compressive strength of soil stabilized with 5 percent of lime
and with different percentage of flvash are given in Fig 10, It can be observed from this Migwre
that as percentages of Myash increases the peak stress also increase .

Case 2: the result of U.C.test (unconfined comprssive) of soil stabilzed with 10 percent of lime
and different percentages of flvash are given in Fig 11.0t can be observed from this figare that
ns the percentages of Nyash increase the peak stress decreases . For exnmple soil stabilized
with 10 percent of lime and 10 percent of flyash exhibits a peak stress of (950 kPa) where as
soil stabilized with 10 percent of lime and 30 percent of Myash gives peak stress of (440kPa)this
miay be due to an imcrease in finer percentage in specimen,

b) AIR DRIDE :

Case 1: The resalt of U.C, test of soil stabilized with 10 persent of lime and with different
percentages of Myash cured in air dried for 10 days are shown in Fig 12, It ¢an be observed
from this figure that as percentages of Mvash incrense the peak stress decrenses . Similar
observation has been found in case of oven dried with the different that in, oven dried the

Hﬁﬁgﬁﬂvhf than air dreied .



Case 2: The results of U.Citest of soil stabilized with 5 percent of lime and with differént
percentages of fivash cored in air dried for 20 and 30 days are shown in Fig 13 and 14

respectively. It ean be found from these Migures that as the percentage of Myash increase the
peak stress also increases. Similar observation has been obtined in case of oven dried .

Case 3: Figures 15 and 16 show the resulis of the U.C. test conducted on soil stabilized with
10 percent of lime and with different percentages of Nyash cured in air dried for 20 and 30
days respectively.lt can be observed from this figures that as the percentages of Oyash increase
the peak stress decreases. Similar observation has been found in case of oven dried and air
dried for 10 days . It can be concluded that, the strength of the stabilized soil with lime and
fiyash increase with increase curing period, but the increse in percentages of flyash decrease
the strength of the stabilized soil.

A COMPARISON: Typical stress-strain curves obtained at different strain levels for soil
Jlime, soil stabilized with 20 percent of lime-1 and soil stabilized with 10 percent lime and 10
percent of fiyash cered in air dried for 20 days are illustrated in Fig.17 for comparison. It can
be generally seen that as the peak stess increase the corresponding axial strain also increase 45
reported earlier . It can be observed that the soil stabilized with 10% lime -10% Mynash shows
4 70% increase in peak stress when compare with peak stress of soil stabilized with 20 % of
lime . This can be concluded that the soil stabilized with 10% lime and 10% flyash gives
higher peak stress as well as economical in lime percentages.

T-5 SECANT MODULUS :

To understand the strength charactristic of soil , limes and soil-lime /soil-lime- Myash
tisolation tests were conducted on eash of these materials and the relationship between their
secant modilus and strain were obtained as per the procedure suggested by Richards and
Seott, (1986). Such variations between secant modulus and sirain on semi=log plot are
presented in Fig.18.

The figure shows that the sand exhibit a relatively rapid drop in modulus with strain and
faflure strain is around( 0.15). it can be seen from this figore that both limes exhibit a relative
rapid in modulus with strain and failure strain is around (0.23-0.3). It is also scen that Hme -2
exhibits a higher modulus up to (0.0235) strain , shows higher modulus at higher strain when
compared with lime -1. Similar behaviour has been found in case of soil stabilized with lime -1
and lime -2 it is evident that soil stabilized with time -1 exhibits 2 modulus higher than soil
stabilized with lime-2,which may be due to lower strain failure of fime-2 . In the case of suil
stubilized with lime -1 and fNyash exhibit a modulus lower than lime- 2 asnd also lower than
sl stabilized with both limes with a fajlure strain of around{ 0.5), which indicated that the
mixture can pickup the stresses and still perform its function witheut failure at higher strain .

|
7-6 LIME PERCENTAGES AND STRNGTH £

A4 ft is mentioned before the lime percentages used in the present study was 510,10
and 30%, stabilized with soil show an important in strength with different types of curing .
The ' variation of unconfined compressive strength as peak stress of soil with different
percentages of lime cured with two method of curing i.e oven dry af 60°C for 3 days and air
dried at laboratory temperature for 30 days are presented in Fig 19. It found that in both
conditions of curing there wis a steady increase in the strength with an increase in lime
percent op to 20% beyond this value , the contribution of lime is marginal . This indicates
it for & given valpe of 20% an oplimum lime percesilages can be obtained to yield the
optimum strength . It is also seen that dried miethod exhibits higher strength when compare

HAﬁgﬂaﬂo for 3 days st 60°C . For exnmple the strength of soil stabilized with 20 percent



of lime gives strength of (650 kPa ) when oven dricd i other hand strength of (1240 ki*a )
when air dried . which is mean thas suitable in construction field and ecanomical in
developing countries.

-7 FLYASH PERCENTAGES AND STRENGTH

a) 5 percent of lime :
Herein, the percentage of lime was § % as a constant percent , as a stabilize material with sail
both mixed with different percentages of Myash of 5, 10 and 15 % by weight cured by gven
and air dried are given in Table 3 The stress - strain behaviour of unconfined compressive
strength as peak stress of soil stabilized with lme and fvash are presented in Fig.20 . In
general it can be seen from the table and figure that as the Myash and curing period increase
the strength also increase . 1t can be observed that the strngth of 20 days curing are similar
with oven dry.

b} 10 Percent of lime -

Similarly the lime percent kept constant at 10% , as asiabilize material with soil both
mixed with different percentages of flvash of 10, 20 and 30 by weight cured by oven and air
dried are shown in Table 4. The stress -strain relationships are given in Fig 21, It can be
observed from the table and figure that the strength decreases as the flyash percentages
increase, this may be due to an increase in finer percentage in specimen as mentioned before,
The 10 percent of fyash in soil stabilized with 10 percent of lime exhibits higher strength
when compare with 10 percent of Myash with soil stabilized with § percent of lime shows 4
reduction in strength . {Table 3 and Fig-20) which can be indicate that a distinct percentage
of lime and Myash can be used .

7-8 CURING AND STRENGTH

The variation of unconfined compressive strength  with curing periods in duys (air
dried Mor soil stabilized with 10 percent of lime and different percentages of flyash are
presented in Fig 22, It can be found that for the case of (100:10:10) Le, soil stabilized with 10
percent and 10 percent of fyash exhibi higher strength with increase in curing periods , But
in other cases of (100:10:20)and (100;10:30)the strength  decreases with increase in curing
periods significantly.

8- CONCLUSIONS

On the basis of experimental studies on silty fine sand stabilired with different
percentages of two types of lime i.e lime -1 and lime-2, the same soil was also stabilized with 3
and 10 percent of lime -1 and with different percentages of fivash , two types of curing has
been adopted, the following main conclusion have been arrived,

L. The results of unconfined compressive test conducted on soil stabilized with both limes af
different percentages show that the peak stress inerease with fncrease in lime percentages .

2, Soil stabilized with lime cured with oven dried as well as air dried , show a steady increase
i the strength with increase in lime percent upto 20% beyoud this value , the contribution
of lime is margingl .

\

3. 50l stabilized with 20 percent of Hme indicutes an optimun. lme percentages can b

obtained to yvicld the optimum strength |

HANSHOOR



4. Soil stabilized with different lime percentages cured with air dried exhibit higher strength
than oven dry . Which indicated that suitable and economical in field construction .

5, The study found that the 10 percent of fivash mixed with soil stabilized with 10 percent of
lime indicates an optimum limé and flyash percentages ¢an be obtained 1o vield the
optimum strength as well as strength increase in periods of curing by air dried .

&, Sail stabilized with 10 percent of lime and 10 percent of Myvash shows 70% increase in peak
stress when compare with peak stress of soil stabilized with 20 percent of lime , which can
be economical in lime percentages used
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Table 1: Engineering properties of soil

Engineering pn::peniﬂ | numerical values
Average field moisture I-I 2.74T7 %
Average field density | 1.311 glee
Soil type | Silty fine sand
Percentage of coarse silt 1 18%
Percentage of fine sand ; 47 %
Percentage of medium sand ' 8%
Specific gravity |27
Optimum moisture content | 19.852 %
Proctors dry density 1.865 gflce
Lagud lnat 48 %
Plastic limit | 24%
Plastic index | 24 %
Shrinkage limit 1 40.523 %
Shrinkage ratio P 1334
Degree of Shnnkage 13.659 %
100 Bypm  D2pm  EBOgm
20
20 I
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70 | & —
= L |
-;E- &0 | | j
% w0 LT
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. g 30 :
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. Particte Size (mm ]
Fig 1 Grain Size Distribution Curve For Soil Sample
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Tabled:  compressive strength of soil stabilized with diferent

percentages of lime-1
Cumng | - Maximum yicld sress (kP3)
1 e . Percentage of lims
b e e J G 20 30
Crven dried 300 | 350 | 534 ; 725
30 davs at lab, | 550 | 125 | 1225 = 1250
lemperature | [ | |

Table3: compressive strength of soil stabilized with 5 %% of lime and
different percentages of flyash

Curing | Maximum yield stracs (kPa}
i parcentag of thvash
i 5 Ic 15
Chen dried ' 130 27 . 322 ]
20 davs | 250 | 290 | U0
I das | 300 i 423 723

Table&: compressive strength of soil stabilize with 10 % of lime and

different percentages of flvash

Cunng penod Maomiem vield siress (kFa)
pere=ntages of fivash
v 20 L
e Orisu b 320 =23
1) davs 1330 827 TR
| M) dlavs Ll ) 5i0
U davy e 5] 240 HML
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