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I. INTRODUCTION 

Lime column is one of the projects in the cooperation 

programme between the Institute for Building Science 

and Technology (IBST),Vietnam and the Swedish Geotech

nical Institute, (SGI), Sweden. 

In this report, the writer presents some results of the 

laboratory investigations in the first stage. The main 

purpose of this stage is to examine the increase of 

strength of the soil-lime mixtures from areas in Vietnam 

by laboratory tests. Detailed investigations on soil-lime 

mixtures as well as lime columns in the following stage 

of the project will be carried out. 

SGI nr 196 Khntlancf Gtallska, UnkOp,ng 
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II. LITERATURE SURVEY 

Soil stabilization, in general is the improvement by 

engineering characteristics of the soil. 

There are soil stabilization methods as follows: 

- mechanical methods 

- physical methods 

- physical-chemical methods 

- chemical methods 

In this project only lime stabilization, which is a 

chemical method, will be considered. 

Lime stabilization 

Lime stabilization is one of the chemical methods, where 

the main agent used is lime. The use of lime to stabilize 

soil dates back to the Romans. But one has studied 

systematically and applied effectively the method in con

struction for only 50 to 60 years. For example, lime

stabilized soils were used as a road-construction material, 

the first time in the United States in the 1920's. At pre

sent, the countries which to a great extent have studied 

and used lime-stabilized soils are USA, USSR, Canada, 

Sweden, India etc. However, in general, this method is 

only used for the surface soil layers. The stabilization 

of soil layers at larger depths with lime - lime column 

method, for instance - has only been caried out in Sweden 

and Japan. 

In Sweden, the lime column method was first proposed in 

1965 by Mr Kjeld Paus. With this new method, the soils 

can be even stabilized at depths up to 15 m. The lime 

columns,. which have now 0.5 m diameter and maximum 15 m 

length are manufactured by the machine constructedoy 

Linden-Alimak in Sweden (for example-~ype LPS4 - after 

Broms and Roman, 1979). They can be used to support light 

structures, road embankments, _and for lateral support in 

excavations instead of sheet piles. 

SGI nr 196 KlinUanct Graliska. L.nk6p1ng 
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Lime 

Lime is produced by burning lime stone calcite or clam 

and oyster shells, their main chemical composition is 

Caco3 . Dolomitic lime is the product of the burning 

Dolomitic lime stone that contains magnesium carbonate 

(Caco MgCO ) . 3 . 3

Chemically the process of burning lime stone into lime 

can be described as follows: 

caco + cao + co3 2 

CaCO3·MgCO3 + 60 + MgO + Co2 

Lime used is an unslaked lime. In general, the unslaked 

lime is better than slaked one. If slaked lime is used, 

there is no reduction of the water content in the soil, 

consequently a lower strength increase is obtained. 

Dolomitic limes are, in general, better than Calcite limes; 

the exact cause has not yet been understood, perhaps MgO 

in this case, catalysis of the reaction between Ca(OH) 
2 

and pozzolanic minerals of the soil. 

1. Reaction between lime and soil in the soil-lime mixtures 

When mixing lime with moist soil chemical,physical and 

physical-chemical processes take place, in which the 

following processes are the most important 

- hydration of the unslaked lime and decrease of the water 

content of the soil 

- ion exchange and flocculation 

- cementing action (pozzolanic reaction) 

Hydration_of_the_unslaked_lime_and_d~crease_of_the_water 

content of the soil 

When moist soil is mixed with unslaked lime, the. unslaked 

lime will readily react with water in the soil to produce 

SCI nr 196 Khnlland Grahska. UnkOp1no 
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calcium hydroxide (hydrated lime) and a rather big 

quantity of heat is released. Chemically it can be de

scribed as follows: 

CaO +H2o+ Ca(OH) + 15.3 kcal2 

The soil-lime mixture will have a lower water content 

due to the hydration and due to evaporation caused by 

the heat release<l. 

Ion_exchange_and_flocculation) 
Every soil particle in water has a certain electrical 

charge, which may be negative or positive. The particles 

attract opposite ions in water to neutralize its net 

charge. These opposite ions are attracted and held rela

tively weak on the surface of the particles, so they are 

easily replaced by other ions. This effect is defined as 

an ion exchange. 

Though a particle may be electrically neutral, but the 

centers of gravity of the positive and negative charges 

may not coinside. Thus the positive charged edges of the 

soil particle will be attracted by the article face 

negative charged. This results an edge-to-face linkage 

between two electrostatic particles. The bond force 

depends on the charge and size of mentioned ions. 

When lime is mixed with moist soil, ion exchange occurs. 
-'j 

Calcium ions Ca++ will replace the weaker and univalent 

ions such as Sodium (Na+) and Potassium (K+) and Hydrogen 

(H+). This results in a stronger attraction between par-

ticles. At last, the plasticity is decreased and the 

soil becomes stronger. 

Diamond and Kinter have indicated that stabilizatiarr-

of soil with lime requires complete c-alcium saturation. 

The ion exchange in dry compacted soils are less than in 

a loose, moist one. 

SGI nr 196 Khnllan<J Grar;ska, LlokOp.ng 
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Other authors as Bezruk, Goltsacova show that an increase 

in pH of the soil will cause an increase in ion exchange. 

Cementing_action_(reaction-eozzolanic) 

There is always a certain amount of active silicious and 

aluminous minerals in the soil and they easily react with 

lime to produce Hydro Calcium Silicates, Hydro Calcium 

Aluminates, and Hydro Calcium Alumosilicates. These pro

ducts are cements with a high strength and water-durability. 

These products cement the soil particles together in a
) 

manner similar to the hydration of Portland cement. These 

reactions are called the pozzolanic reaction and can 

briefly be described as follows: 

(Hydro Calcium 
Silicate) 

In natural condition (normal temperature and atmospheric 

pressure) x = 0.8-1.5 and m = 2.5 

Ca(OH) + Al 2 = + mH O + CaO·Al O • (n+1)H 2o2 3 2 2 3 
(Hydro Calcium Aluminate) 

CaO•Al2o3 - (n+1)H O + SiO + CaO·Al 2o .siOs· (n+1)H O2 2 3 2

(Hydro Clacium Alumosilicate 

These reactions take place on the surface of the soil 

particles in the contract places between soil and lime. 

The amount of the earlier mentioned products depends on 

temperature, water content, area of contract surface be

tween soil and lime etc. In the Montmorrilonite clay, the 

main product is Hydro Calcium Silicate, and in the Caolinite 

clay the main product is Calcium Aluminate. 

......, _Eades -hypothesized that II a high pH-value causes sili-cate__ 

to be dissolved out of the clay mine~a~ and it combines 

with the Ca++ to form Calcium silicates. This reaction 

will continue as long as Ca(OH) 2 exists in the soil and 

there is available silica". 

SGI nr 196 Khnlland G,ahska, L1nkOp1ng 
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In the natural condition (normal temperature and atmos

pheric pressure) the pozzolanic reactions are slow com

pared with common chemical reactions. The products of 

these reactions cement the soil particles together pro

ducing a lime-stabilized soil with high strength. 

Besides the processes stated above, A. Arman and G. Mun

fakh show that the carbonation is also an important pro

cess. Carbon dioxide co from both the atmosphere and2 
the soil reacts with calcium hydroxide Ca(OH) to form2 
Calcium carbonate. This product is a weak cement and it 

affects the cementing reactions and prevents normal 

strength gain. 

) 
Bezruk hypothesized that there is also crystallization of 

the Calciur~ hydroxide, Ca(OH) 2 . The result of the crystal

lization is that a skeleton with strong crystalline struc

ture is formed. The skeleton takes an important part in 

the development of strength of the lime-stabilized soil. 

In brief, as Diamond and Kinter indicate, there are two 

stages of the reaction between soil and lime. The first 

stage includes very rapid processes_ where soil plasticity 

and the strength are improved. The second stage includes 

slow processes producing a considerable strength increase 

as the cementitous products are formed. 

2. Engineering characteristics of the lime stabilized soils 

The processes and the chemical reactions which take place 

in the soil-lime mixture, change characteristic properties 

of the soil, for instance grain size distribution, Atter

berg limits, density, strength and compression properties. 

Grain size distribution 

Due to the ion exchange and the flocculation of the-:.soil 

particles, the grain size distribution-of the soil is 

changed. The soil becomes coarser and stronger. Agglomer

ation depends on the type of soil, type as well as amount 

of lime. 

SCI nr 196 Klintlanct Grallska. LinkOp,ng 
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Atterberg_limits_and_soil_elasticity 

Many authors find that, the addition of lime to plastic 

soil results in readuction of plasticity index {IP) and 

increase of plasticity limit (Wp). Some_authors such as 

Wang I.W.H., Mateos, Davidson, Walker, Jan etc propose 

that due to addition of lime the liquid limit (WL) of 

the lime-stabilized soil decreases, but according to 

the others, this parameter increases. While Lund, Ramsey, 

Taylor and others indicate that the change (increase or 

decrease) in liquid limit of soil-lime mixture depends 

I on type of soil. 

The degree of increase in plastic limit or of reduction 

in plasticity index depends on the type of soil, type 

of lime and lime content and on time after mixing. 

Strength_characteristics 

Many authors in many countries indicate that the strength 

development in a soil-lime mixture is comparatively slow, 

compared with other mixtures such as soil-cement mixture, 

soil-water glass mixture etc. It requires a rather long 

time, in general a period of several .weeks to many months 

at normal temperature and atmospheric pressure. 

·The most important factors influencing the strength develop-
\ 

ment of a soil-lime mixture are type of soil, time, type 

of curing, lime content, type and quality of lime and 

density of mixture. 

With a certain soil and lime, the optimum lime content 

depends on grain size distribution, chemical and mineral 

composition of the soil. Generally, the higher plastic 

soils require a higher amount of lime than the soils with 

a lower·plasticity. 

SCI nr 196 Khn!land Gtahsk.a. Ltnk.OpmQ 
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Bezruk and others in the USSR indicate that to increase 

strength, durability and other engineering characteristics 

of the soil-lime mixtures, some additives can be used, 

for instance Portland cement, liquid glass (sodium silicate 

-No2sio 3), Sodium Fluosilicate Na SiF6 , gypsym, flyash2
etc. Adding to a soil-lime mixture with 1% to 5% one of 

these additives, for flyash a higher percentage, the strength 

may be increased by 30% to 150% or more. 

Flyash is a waste material (by-product) of the coal-fire 

plants and often consists mainly of the activie oxides
) 

such as silica Si02 (50-60%), aluminium oxide Al 2o 3 
(20-30%) and iron oxide; these oxides react easily with 

lime to form the "lime-ash" cement (puzzolanic reaction~. 

So when flyash is used as an additive to lime-soil mix

tures, the amount of cement matter in these mixtures 

increase considerably. Thus, flyash effects in a positive 

way, the strength, durability and other characteristics 

of lime-stabilized soil. This additive - flyash - enables 

to carry out lime-stabilizing the soils where lime cannot 

be used alone, for example sand, silt, clayey sand with 

high sand content etc. 

Stabilization of soil with lime and flyash is one of 

methods that has been widely used in the United States, 

Canada, USSR and many other countries. 

3. Studies of lime stabilization of soil in Vietnam 

In Vietnam, the investigations in the field of the stabil

ization of soil with lime was started by 1966-1967 in 

some colleges and institutes such as Hanoi Polytechnic, 

Hanoi College for Construction, Institute for Traffic 

Technology, Institute for Building Science and Technology, 

etc. 

The investigations have been carried out on the following 

soils: clays, clay with gravel, sandy clay etc from various 

SGI nr 196 Klin!lanc1 Grahska, L1nkop1ng 
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areas in the north of Vietnam, the flat countries, the 

midlands and mountain regions. The following conclusions 

can be drawn from the results of the investigations: 

- Generally, all kinds of soil from the regions mentioned 

above can get rather good results when they are stabil

ized with lime when the amount of lime is about 8 to 10%. 

- Stabilization of soil with lime gives especially good 

results in the Laterit soils from the midlands in the 

norht of Vietnam. These soils are clays with high gravel 

content, and are products of the vigorously chemical 

weathering processes (under the influence of the hot and 

wet weather). Characteristics of these soils are the 

aluminous and iron content are very high (Al 2o = 10~-3 
15%, Fe2o = 30-35%) and are in the forms of minerals

3 
as goethite FeO.OH, hydrargilite Al(OH) 3 , boehrnite 

AlOOH, hematite Fe o
3 

, magnetite Fe o4 ; the clay content
2 3

is high (16-22%) and is kaolinite. Lime-stabilized soil 
2 can gain a strength of 15 to 20 kg/cm 28 days after 

mixing with a lime content of 8 to 12%. 

- Tretypes of lime which have been used in the investigations 

are not of high quality, the total content of calcium oxide 

(CaO) is only about 60 to 80%. 

- In .the sphere of economy, the cost of a road embankment 

constructed with lime-stabilized soil decreases with1 

30% to 50%, compared with a stone filled road embank

ment. 

However, due to the lack of necessary equipment and machines 

no detailed project has been carried out. Besides, the 

execution of stabilization of soil with lime was carried 

out mainly by rudimentary tools not good for workers' health. 

That is why the studying and applying in the field of the 

soil itaSilization with lime was almost stopped in~he 

1970 1 s. 

SCI nr 196 Khntland G,ahska. Uni<.oping 
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During the past few years, the Institute for Building 

Science and Technology - IBST with the help of the 

Swedish Geotechnical Institute - SGI, has been carrying 

out a lime column project, a lime stabilization method 

used at very large depths. With this new method, the 

soil-lime columns with maximum 15 m length and 0.5 m 

diameter can 

ment made by 

method is an 

engineering. 

be manufactured using the special equip

the company Linden Alimak AB, Sweden. The 

advanced one in the field of foundation 

In Sweden the method was first proposed in 

) 1965 by Mr Kjeld Paus. Then the method has been improved 

by professor Bengt B. Broms and by other researchers in 

the Royal Institute of Technology and especially in the 

Swedish Geotechnical Institute (SGI). 

III. LABORATORY INVESTIGATIONS 

1. Aim of investigation 

This is the first time the lime column method has been 

investigated in Vietnam. In order to have a better back

ground to perform detailed investigations, the increase 

in strength of soil-lime mixtures from some soils from 

different regions were investigated in this project. These 

regions, according to the issued documents, have large 

areas of soft soil and according to the prognosis, in 

the near future many new buildings and factories will be 

built, for example in Hanoi, Haiphong and Haiduong. 

2. Preparation of materials and samples for tests 

The soils, which after determination of parameters such 

as grain size distribution, liquid limit WL, plastic 

limit WP, plasticity index IP, water content W etc 
0 

were aired and then crushed to pass a 1 mm mesh sieve. 

After that, these soils were -preserved in the air-t~ght 

polyetylen bags. 

SCI nr 196 Khn!land Grahsk.a. L1n~op1ng 
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Pieces of unsiaked lime were crushed till the grain size 

distribution of powder lime like the Portland cement 
2(about 7-10% leave above the mesh of 4.900 holes/cm ). 

Then the powder unslaked lime was stored in air-tight 

containers. 

The necessary amount of soil for one sample had been 

calculated before based on a certain dry density (yd) of 

the soil sample. Amount of lime was determined as a certain 

percent of the dry soil. Soil and lime were mixed by hand 

for 3 to 4 minutes, then water was added to the mixture. 

This water was the necessary amount of water giving a 

certain water content W of the soil, and had also been 
0 

calculated before. 

The samples of lime-stabilized soil were compacted in steel 

moulds (Fig. 1). The samples (which had 100 mm length and 

50 mm diameter) have been taken out from the steel moulds 

after 24 hours, and were then put inside the air-tight 

containers, where the saturated humidity was maintained 

(Fig. 2). To investigate the influence of the soaking 

in water on the strength of the lime-stabilized soil, the 

samples, after having been taken out from the moulds were 

put inside the water. 1,7,21,90,180 days and maybe a year 

or more after mixing the stabilized soil samples were 

tested with respect to unconfined compressive strength·. 

3. Unconfined compression test 

The samples of lime stabilized soil were tested in an un

confined compression machine at a rate of strain equal to 

1.2 mm/min. Three samples were tested at the same time to 

get an average value. 

Fig. 4 shows a typical failure of the tested specimens. 

SCI nr 196 K.hntland Gral,ska. L,n~op,ng 
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) 

4. Characteristics of the soils and lime used in the study 

Chemical composition: Table 1 and 2 show the chemical com

position of the soils and lime used in the study. This 

lime was not high quality as calcium content was relatively 

low and amount of limestone left was a large number 

{35-80%). 

Physical characteristics: Table 3 showsthe physical charac

teristics of some types of soils used in the study. 

· ......... 
. ~··J.. !' .• 

:-. 

•"':.-. 

Fig 1. Steel moulds. 

£ ' 

SG I nr 196 Khntland Gr ahska. Uni<.Opmg 

7 



ST A TENS GEOTEKNISKA INSTITUT 1 3 

·:·11b~:,:~ .-J 

., 

) 

Fig 2. The air-tight containers with lime-stabilized 
soil samples. 

SGI nr 196 KhntlancJ Grahsk.a_ L1nkoo,no 
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Fig 3. Unconfined compression machine. 

Fig 4. Failure of the lime stabilized soil samples. 
SCI nr 196 Khnllano Graf1sk.a. L1nl\oping 



- - - - - - - -- - - -

- - - - - - - - - -- -

._,I 

(/) (/) 
C) E~ 

iii m z 
Table 1. Chemical composition of the studied soil. (/) 

G') 
m 
0 
-i 
m 

Ordinal LWI - ~of Soil types SiO Al o cao K O Na o Cl So loss of weight " F'e203 ~go Ti02 P205 (/)2 2 3 2 2 3
soils through ignition ~ 

z 
1 Hanoi sandy clay 63.15 7.98 15.00 1. 28 1.80 1.00 0.00 2.80 0.65 0 0.00 5.60 ~ 

~ 
C 

I -i 
5 Hanoi clay - - - - - - - - - - - - I 

I 

7 Haiduong clayey 
sand I 

8 Ha iduong sandy 
clay I 

! 

9 Haiphong sandy 6.06 i70 .87 7.03 12. 11 1.20 0.9E - - - - - 0. 13 
Iclay 
I 

I 

T~ble 2. Chemical composition of the studied lime. 

Fe o Al o cao MgO Indissoluble LWIlLime type Si02 2 3 2 3 (total) !)latter loss of weight 
I through ignitioni 

j Ha i?uong lime 0.50 0 .10 0.05 67.20 ! 1. 80 0.30 35.80 
II 

i 

I 

' I l I 
i l' 

u, 
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·Table 3. Physical characteristics of the studied soils. 

Ordi- Initial Dry Liquid Plastic. Plastic. 
nal of Soil types State water density limit. limit index 
soils content Ya WL Wp IpI 

of soil g/cm % % % 

Wn % 

! 

1 Hanoi sandy plastic 31 1.42 37.3 24.0 13. 3 
clay 

2 Hanoi sandy pasty 35.0 1.40 37.3 24.0 13.3 

) clay 

3 Hanoi sandy liquid 45.0 1.30 37.3 24.0 13.3 
clay 

4 Hanoi clay liquid 47.2 1.30 47.2 27.9 19.3 

5 Hanoi clay plastic 37.0 1. 30 47.5 27.5 20.0 
I 
I 

6 Hanoi clay liquid 4 7 .0 1.26 47.5 27.5 20.0 

7 Haiduong 
clayey liquid 26.0 1. 35 26.0 19.5 6.5 
sand 

8 Haiduong 
sandy liquid 36.0 1. 35 27.0 18.4 8.6 
clay 

9 Haiphong 
sandy liquid 25.0 I 1. 35 24.9 12.5 12.4 
clay I 

SGI nr 196 Khnlland Graltska. Linl\Opmg 
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IV. TEST RESULTS 

It is known that the strength development of the lime

stabilized soil depends on the following factors: 

- type of soil 

- natural water content of soil 

- type of lime and lime content 

- curing conditions and curing period 

- temperature 

- and some other factors. 

As mentioned in section III here we only investigate the 

strength development of the lime-stabilized soil with 

respect to lime content and curing period. The strength of 

the soil-lime samples are determined as unconfined corn~ 

pressive strength - kg/cm2 . 

Tables 4, 5 and 6 show test results of the sandy clays 

in Hanoi for samples No 1, 2 and 3 (Table 3) respectively 

with lime content 5% to 12%. The strength development 

with time of these soil-lime samples are shown in the 

figures 5, 6 and 7. These results show that, generally 

the strength is increased with the addition of lime and 

with increasing time. But at the soils No 1 and 2, the 

results are better than on No 3, because they are in the 

plastic and pasty states and the soil No 3 is in the 

liquid state. But we can have a satisfactory result at' 

the soil No 3 because at least the strength is nearly 
22 kg/cm after mixing 1 day, and the strength of samples 

increase with increasing of lime and time (Fig 7). 

Tables 7, 8 and 9 show the unconfined compressive strength 

of Hanoi clays for samples No 4, 5 and 6. The sample No 5 

is in the plastic state and the No 4 and 6 are in the liquid 

states. 

The change in strength of the sample No 4 and 6 is shown 

in Fig 8 and 9. 

SGI nr 196 Khnllana G,a11sk.a. L1n~op1ng 
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) 

Generally, the strength increases with time and with 

the addition of lime in these cases but very slowly. 

However, we can see that the results are satisfactory. 

The results show that the strength of the clays is lower 

and the rate of increase in strength of them is slower 

than that of the sandy clays. 

Table 10 shows the strength of the Haiduong clayey sand 

No 7 with a lime content of 5% to 15%, and Fig 10 shows 

the change in strength with increasing time. The results 

show that the stabilization of this soil with lime is 

very good and the strength development continues after 

180 days. 

Table 11 shows the test results of the Haiduong sandy 

clay No 8 with the lime contents 5% to 15%. The in

vestigation is being continued. The time is intended to 

365 days. But the values from 1 day to 21 days show that 

the strength increases with the increasing lime content 

and time. 

Table 12 shows the strength of Haiphong sandy clay No 9 

with lime content 5% to 11%. The strengths at the first 

time are relatively high, but they decrease with in

creasing time. But the decrement in strength of the samples 

with the higher lime content is lower than that with the 

lower lime content. The main cause of this is not yet 

understood, maybe the effect of different seasalts, 

because Haiphong zone is a seashore. This question will 

be answered exactly in the following report. 

A pil.pt test on the influence of soaking on the strength 

of the soil-lime mixture has been investigated in the soil 

No 2 and 3. The results show that the samples stabilized 

with lime develop strength al-so when being soaked i±n water). 

The increase of shear strength of the-stabilized soil when 

soaking increases with increasing lime content (Fig 11 & 12). 

SCI nr 196 Khntland Grahsk.a. Lmkop,ng 
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Although the shear strength of soaked samples is less 

than that of unsoaked samples (see Table 5 and 6 and 

Table 13 and 14), the results show that the strength 

is rather high after a long time (180 to 365 days). 

) 
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Table 4. Unconfined compressive strength of the lime
stabilized soil (Hanoi sandy clay No 1) 
Ya= 1.42 g/cm3, WO= 31%, WL = 37.3%, Wp = 
2 4 % , I p = 1 3 . 3 ) - kg/ cm 2 . 

i
Lime Curinq periods - days 
content 

% 1 7 21 28 90 

5 3.99 5.69 8.51 ' 8.91 8. 18
I 
I 
f7 4.97 8.25 9.00 9. 1 5 9.00 
I 
I 

\ 9 6.00 9. 15 11. 1 2 I 12.69 13.69 
i i 

!
1 2 9.36 - I 12.07 12.86 16.86i 

I 
I 

1 4 - - I - ! 
i 

19.03 -
) i 

Table 5. Unconfined compressive strength of the lime
stabilized soil (Hanoi sandy clay No 2, 
Ya= 1.40 g/cm3, Wo = 35%, WL = 37.3%, Wp = 
2 4 % , Ip = 13. 3) kg/ cm2. 

Lime Curinq periods - days 
content I 

%· 1 7 21 28 90 -

5 2.65 4.68 6.49 6.61 7.28 

7 4.89 8.74 7.67 7.59 12.17 

9 5.05 - - - -

11. 4 - 10.55 11 . 85 12.80 20.46 

12 8.46 11 . 6 6 1 3. 02 12.45 21 . 22 

----~ 
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Table 6. Unconfined compressive strength of the lime
stabilized soil (Hanoi sandy clay No 3, 
Ya= 1.30 g/cm3, Wo = 45%, WL = 37.3%, Wp = 
24%, Ip= 13.3) kg/cm2 . 

Lime Curing periods - days 
content 

% 1 7 21 28 90 

5 1 . 9 8 2.60 3.35 3.56 5.56 

7 2. 1 5 3. 1 2 3.77 4.25 6.29 

9 2.69 4.03 
I 

5.24 5.60 9.63 
) 

1 2 4.73 4.75 7.05 7.23 14.52 

Table 7. Unconfined compressive strenght of the lime
stabilized soil (Hanoi clay No 4, Yd= 1.30 
g/cm3, Wo = 47.2%, WL = 47.2%, Wp = 24.0%, 
Ip= 19.3) kg/cm2. 

Lime Curing periods - davs 
content 

% 1 7 21 28 90 

5 2.59 3.52 3.06 4.24 3.51 

7 4.00 - 4.50 4.64 4.41 

9 4.22 - 5.40 4.56 4.78 

1 1 5. 04 - 5.34 5.91 5.83 

SGI nr 196 Khntland G1ahska. L,nkop,ng 
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Table 8. Unconfined compressive strength of the lime
stabilized soil (Hanoi clay No 5, Yd= 1,30 
g/cm3, W0 = 37%, WL= 47.5%, Wp = 27.5%, Ip= 
20) kg/cm2. 

Lime 
content 

% 1 

Curing periods 

7 21 

- days 

28 90 

5 4.09 6.93 - 6. 1 6 5.30 

7 6.75 8.97 - 8. 1 9 7.08 

9 9.27 8.51 - 6.93 8.86 

1 2 9.12 - - 10.75 9.93 

) 

Table 9. Unconfined compressive strength of the lime
stabilized soil (Hanoi clay No 6, Yd= 1,26 
g/cm3 , W = 47%, WL = 47.5%, Wp = 27.5%,0 
Ip= 20) kg/cm2. 

I Lime 
content 

% 

5 

1 

1 . 81 

Curing periods 

7 21 

2.75 1 . 83 

- davs 

28 

2. 1 7 

90 

3.57 

7 

9 

2.49 

2.83 

2.39 

2.96 

4.44 

4.84 

3.09 

3.46 

4.18 

4.54 
I 

1 2 3.72 5.91 6.78 3.90 6.37 
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Table 10. Unconfined compressive strength of the lime
stabilized soil 
Yd= 1.35 g/cm 3 , 

(Haiduong clayey sand No 7, 
W = 26%, WL = 26%, Wp = 0 

19.5%, Ip= 6.5) kg/crn2. 

Lime Curinq periods - days 
content 

% 1 7 21 90 180 

5 1 . 1 7 1 . 32 1 . 51 1 . 81 7.26 

7 1 . 9 5 2.55 2.36 2.55 8.40 

9 2.78 3.49 3.55 4. 21 9.22 

1 1 1 . 5 3 4.64 4.94 6.81 11. 1 5 

1 3 3. 41 5.28 6.75 7.90 11 . 30 

15 5.67 7.43 8.27 1 0. 1 0 20.98 

Table 11. Unconfined compressive strength of the lime
stabilized soil 
Yd= 1.35 g/cm 3 , 

(Haiduong sandy clay No 
W = 36%, WL = 27%, Wp0 

8, 
= 

1 8 • 4 % , Ip = 8 • 6 ) kg/ cra 2 . 

Lime Curinq periods - days 
content 

% 1 7 21 90 180 365 

5 0.63 1. 09 1. 49 
) 

7 1 . 1 0 1 . 46 1 . 6 0 

9 1 . 95 2.02 2.75 

1 1 2.24 - 3. 1 4 

1 3 1 . 91 2.23 3.16 

15 2.89 3.44 3.47 
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Table 12. Unconfined compressive strenght of the lime
stabilized soil (Haiphong sandy clay No 9, 
Yd= 1.35 g/cm 3 , Wo = 25%, WL = 24.9%, Wp = 
12 . 5 % , Ip = 1 2 . 4 ) kg/ Cf',l 2 . 

Lime I Curinc periods - days 
content 

% 1 7 21 90 180 

5 - 6. 15 6.84 6.02 1. 64 

7 - 6.50 6. 18 6.25 3.32 

) 
9 - 8.81 6. 1 0 8.65 5.87 

1 1 - 9.53 1 0. 1 0 9. 1 3 7.25 

SCI nr 196 Khntland G,a1isi..a. Lmk.Op1ng 
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Table 13. Unconfined compressive strength of the lime
stabilized soil in the water (Hanoi sandy 
clay No 2, Ya= 1.40 g/c@3, WO= 35%, WL = 
37.3%, Wp = 24%, Ip= 13.3) kg/cP12. 

Lime Curing periods - days 
content 

% 28 90 180 

7 4.96 8.94 -

9 7.33 11 . 4 4 11 . 85 

) 12 9.65 17.96 18.60 

Table 14. Unconfined compressive strength of the lime
stabilized soil in the water (Hanoi sandy 
clay No 3, Yd= 1.30 g/cm3 , W = 45%, WL = 0 
37.3%, Wp = 24%, Ip= 13.3) kg/cP12. 

Lime 
content 

% 3 

Curinc 

7 

periods 

21 

- days 

90 365 

5 0.87 0.82 0.71 1 . 00 1 . 2 8 1 

) 

7 

9 

0.84 

1 . 06 

0.97 

0.90 

0.76 

0.80 

1 . 00 

1 . 2 3 

2.42 

3.37 

1 2 1 . 1 1 1 . 00 0.80 1 . 4 0 7.91 

SCI nr 196 Khnt1and Grahska. L1nkop,ng 
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V. CONCLUSIONS AND FURTHER INVESTIGATIONS 

According to the achieved studies in Vietnam and the 

results obtained in this investigation enables me to 

make the following conclusions: 

1. Soil stabilization with lime can be applied very 

effective in Vietnam. Almost all the soils in Vietnam 

such as sandy clay, claye:, sand, clay etc are suitable 

for being stabilized with lime. These soils give good 

results 24 hours after mixing in the lime content 5% 

to 12% in respect to the dry weight of the soil.) 

2. The strengths of the stabilized soils, in general, 

increase with time and lime content. However, in

vestigations on the strength development of the lime 

stabilized soils cured during a longer time, e.g. one 

year, and with a higher lime content than 12%, should 

be continued in which the soils in the Haiphong area 

should be paid much attention. 

3. The low quality lime (calcium oxide content 60% to 

80%} made in Vietnam, in general, can give satisfactory 

results when being used for stabilization of soil. The 

possibilities to get high quality lime and the possible 

better effects with that lime should be investigated. 

4. These primary investigations present some results for 

determination of possible applications of lime co:lumn 

method in Vietnam. In the future, field investigations 
, I on lime columns have to be carried out to get exact 

conclusions. On the other hand, the laboratory in

vestigations on soil-lime mixtures should be continued 

more in detail to achieve a well done work. 

......,. __ - _ 
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