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Compound Percentage
Na,O 0.1
MgO 0.53
Al,04 0.69
SiO, 1.19

SO; 0.1
K,0 0.1
CaO 71.14
TiO, <0.1
MnO, <0.1
Fe, 0 0.12
SrO 0.12
L.O.°l 25.86

Table 2. Chemical components of lime
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Compound Percentage

Sio, 61.94
Al,0; 15.26
Fe,0;4 3.59

Cao 7.01

MgO 1.86

K,O 0.98
Na,O 1.34
other compounds 8.07

Table 2. Chemical components of pozzolan
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Fig. 1. Particle size distribution curve
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Soil Classification CL
Liquid Limit (%) 38.7
Plastic Limit (%) 28.2
Plasticity Index (%) 10.5
Specific Gravity (Gg) 2.65
Maximum dry density 15.8
Table 1. Physical properties of soil
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Fig. 2. Maximum dry density vs. different amounts of
pozzolan and lime

ol slads sal Ol Slasis sl il ml £ Jadr

Water Properties Caspean Persian Urmia
sea Golf Lake
pH 8.39 7.87 6.88
S0;2 2280 2480 22300
(ppmin 1:10 S:W)
EC 18.7 64.6 177.9
(mS/cm)
Na (ppm) 9168.3 2953.6 16212.1
K (ppm) 266.5 36.8 1179.9
Mg (ppm) 1553.9 612.2 1909.2
Ca (ppm) 254 232 106

Table 4. The test results of salts properties of water sampels
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Fig. 4. Stress — Strain curves of specimens without lime and
pozzolan for 7 days curing time
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Fig. 6. Stress — Strain curves of specimens with Caspian sea
water and 3% pozzolan and different amounts of lime for 14
days curing time
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Fig. 7. Stress — Strain curves of specimens with Persian golf
water and 3% pozzolan and different amounts of lime for 14
days curing time
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days curing time
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3 0Vsim dosn ¥ sl Gl ped (g pme G Cuslie ST 3B A IS
Uﬁ)réui&-“

1400 -
1200
1000
800
600
400
200

UCS(kPa)

Lime (%)

Fig. 10. UCS values of specimens stabilized with different

amounts of lime and 3%pozzolan for 3 days curing time
il e glie Sl dss Sl b b ls s ol s
s 5500 Vb Lams PH ool o L2050 Ll e
DAd o Gl pdS Gl ks sl sl U
) Glog L besS s ol el ot 5 Lol
S o A5 1, Si(OH)3 5 AI(OH);3 5 et S 5 (OH™
3okt S5 aeedS Glalds b badeS s el e
BG5Sl s Sl 5 @l oedS DS
bolswe Cuslie Il 5 gudcsn el oS das

wagsl axlys O S eslial Dso 53 ey ladised &
Ll O Glacs s oo Slsm On 03 3b5 Msw
Caslie Sl e s a5 el SN S S
VBT o Ysame 5 0358 oles ulS 5l SIS 1S5 05
) o3 el IS s 4 ax g Lo [20] el s,
& S i Jleal (G, V8 5 VYD) Sk
dagyl Ol Bged 53 e O il B b 51 sls s
26 M padse ol Ol Ll 5 el 55 sl
3hedal s & 2 bl 2 s oS Ol Cuglie Jrals
Sl cormge oS slaclle s e (IS gla ey
T(e23) gamme Sltle e 3Ly clile s oS,
o i Chle e 4 e S5 Bk ) sl
S S g a8 aaSTy Skl sbel s
VM as )l STPH 5 b 51 [21] 50 JLs 4 1) e slis
s 3 b s s L ol Glakse 4 el S o
Sdeils gl xSty oS bl 5l el xS ki O
5 s BB Sl i 003 e sPH I L Y
plowil b bl pls 3,8 0 D)o S Gle T 5 KL
CTpH O35 28 s w0 5 ol pH 253l b 2STs
bl s 5 0L gladoys oo Va5 e STy 4y
L gyl Al O ol gl s b
el s (ool s o sl Ol ol slas sl
Slis @S asdS Sldlas 55 oS Sl S5 0L 5,8
o Al s ekl gla mSls g sl psY pPH
elS b 93 058 Clile [2] il ead 2518V Y/E
ool s sbs Sl e ol ae sl axls O s

Sl G glie JalS (ol ale 5 oS ol xS

W 505 (65 520 ST (65Lid Conglin y ST 5L -F-0
Sopen S olid Cslie glaslases ) sl IS5 o

1 Dispersed & Deflocculated
2 Dispersed & Flocculated
3 Agglomerated & Deflocculated



\Y"‘\'\JL.N/O e)l.w.':/r.a.u.a@”;

oot Ol e wdige Sash — ele Ao

OVsis olae il bl o0 ilssl OV 555 Aoy
Sal 0o aslie gl j2iSTs 55 Jshme aondS Sl Woas
iy Cwoplie 58l Olge OV 558 05 Ssse edew L
23 GopeeSS (olid Coglin p i &S Gl SS 4 el
oos Va5 dos 0 5 Sal Aoy 0 gyl glad sel

b}.&&

GoadSS (55l Caglie (5557 Jas Ol 3G 50
a4 gai

Coslis ol Jee Olay LU (V8 9T gla S5 s

L ohie OF 5 L5 sbys Ol Glakised 55 pmesS (55L00

Vs s il glads,s 5 Sal woys 0 5 ¥ ladss

BSys P s

Oy ple 5o o SKosolid Cuslie Ol Y K

y@fszﬁ"))? sbos gfdjb- sladsad gl £5JJT;}'°‘9

3000 -

2500 4
o 2000 4
a, 3 -
2 1500 4 =
E e 3581, 1 Sopog,
= 1000 - / i 3363560

500 4 e 356, 5%, M

0 . : :
3 T 14
Time [day)

Fig. 13. Unconfined compressive strength vs. curing times for
specimens with Caspian sea water and 3% lime
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Abstract:

Clayey soils usually have low bearing capacity, high compressibility, shrinkage and swell characteristics.
Several methods have been adopted to improve the geotechnical properties of such soils. Soil stabilizing by
chemical materials is one of the most common methods for treating fine grained soils. Lime has been used to
improve some mechanical and plastic properties of fine grained soils since many years ego. In recent years,
some studies have also been carried out to investigate the influence of adding pozzolany materials on the
geotechnical properties of lime-treated clayey soils. Geotechnical behavior of clayey soils depends on
chemistry of pore fluid. When drinking water is used to provide the needed moisture of soil in the laboratory,
it will lead to incorrect interpretation of engineering properties of soil, where specific water such as sea water
is utilized. Therefore, if the brackish water has been used to provide soil moisture, it is necessary to examine
the behavioral characteristics of the materials by the same water. For example, the presence of some
sulphates in the soil stabilized with lime, leads to problems such as the reduction of strength and increase of
swelling in clay. In this laboratory study, the effect of sea water on the strength of stabilized kaolinite has
been investigated by conducting several unconfined compression tests. The specimens were prepared at four
percentages of lime and pozzolan (i.e.0%,1%,3%,5%) by weight of dry soil and distilled water, and three
saline water samples taken from the Caspian Sea, Persian Gulf and Urmia Lake. for every combination, the
weight of each material was determined precisely, based on the optimum moisture content and maximum dry
density obtained from the standard proctor compaction test. Clay and lime and pozzolan were mixed
properly in dry condition, and water was added gradually. Afterwards, the mixtures were kept in plastic bags
for 24 hours. Weight of each specimen was determined in accordance with given specific volume and
obtained maximum dry density from compaction test. This weight was divided into four portions, and each
portion was compacted in 20 mm layer in a PVC mold. The specimens were cured in an oven at a
temperature about 35 <7 C for 3, 7 and 14 days. After each curing time an extruder was used to remove the
specimens from the molds vertically with constant rate to avoid bending and formation of tensile cracks.
Thereafter, the specimens were immediately tested under strain, controlled at constant loading rate of 1.0
mm per minute, according to the requirements of ASTM D 2166. For each combination, three specimens
were examined to assure repeatability of results. The results of conducted experiments indicate that
unconfined strength of samples without additives (lime and pozzolan) prepared by sea water are higher than
specimens containing distilled water. For the samples containing Urmia lake water, the unconfined strength
was higher than that in the other samples. Also, for the specimens in which additive has been used, the
strength of the samples containing Caspian Sea and Persian Gulf water were more than that with distilled
water, and the strength of samples containing Urmia lake water was less because of differences in salts
concentrations in water samples. Finally, the results show that water minerals are higher in Urmia lake,
Persian Gulf and Caspian Sea, respectively.

Keywords: Stabilization, Sea water, Unconfined strength, Clay soil
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