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Abstract 

 

            Soil stabilization is the alteration of state of soil to acceptable engineering condition 

to improve its engineering performance. This is done by mechanical, chemical, thermal, 

and electrical methods(1). The main engineering properties of soil are strength, 

permeability, and consolidation. Several previous works were made to investigate the effect 

of compaction on strength of soil-cement mixture, soil-lime mixture, soil fly ash 

mixture,….etc. In this paper, the effect of two methods of compaction (impact and static) on 

unconfined compressive strength of soil-pozzlana mixture was investigated. 
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 تأثير قوة الانضغاط على مقاومة مزيج التربه ـ بوزولانا

 

 -الخلاصه :

 

من الصعوبات التي تواجهه المننه ا المه ني اثنهات التنهيهع مهي عه   صهربية التربهه لتبمهل المنعهأ المقها  علينها        

   لبهل تلهك المعه.له. وعلك بسبب قصور في الخواص النن سيه للتربه. ان تثبيت التربه مهو ابه  البلهول التهي ان تسهتخ

ويم.ننهها تعريههب تثبيههت التربههه بأنههه تغييههر فههي بالههة التربههه لغههرس تبسههين خواصههنا النن سههيه  المقاومههه   النهاعيههه   

مننها الطهرق المي.اني.يهه او ال.يمياويهه او البراريهه او ال.نرباهيهه. منهاك عه ة  والنطول(. مناك ع ة طرق لتثبيت التربه

 تأثير قوة الانضغاط على مقاومة مزيج التربه ـ سمنت   التربه ـ نوره .....الخ.  راسات سابقه عملت لبيان

نضههغاط  السهها.نه والمتبر.ههه( علههى مههزيج التربههه ـ فههي مههعا الببههد تمههت  راسههة تههأثير طههريقتين مههن طههرق قههوة الا     

ن لنهعا الغهرس. .مها اخهعت ثهرد نا سابقا. لق  ت  استخ ا  بوزولانا طبيعيه مهن مقلهح بمهريوالتي ل  تت   راست بوزولانا

 عينات من الترب العراقيه من مختلب المواقح لتعمل جميح انواع الترب العراقيه.

لق  بينت ال راسه بأن المقاومة للتربه تز ا   اهما مهح زيها ة نسهبة مبتهوب البوزولانها فهي التربهه عنه ما تضهغط فهي      

الانضغاط ي.ون ا.ثر وضوبا فهي بالهة التربهه الرطبهه عمها مهي عليهه  . .ما بينت ال راسه بأن تأثير طريقةمبتوب مثالي

ه في التربه الجافه. وبينت ال راسه ايضا بأن ا.تساب المقاومه للتربه الرمليه الطينيه  الموصهل( ا.ثهر مهن التربهه الرمليه

 والتربه الرمليه  البصره(.الطينيه   يالى( 
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   انضغاط التربه.بوزولانا , -تثبيت التربه , مزيج تربهمفاتيح الكلمات: 

 

1. Introduction 

 
 Compaction is a mechanical process by which air voids are reduced to make soil denser (1). It 

is one of the earliest methods used to stabilize soils to improve their engineering properties. 

Impact, kneading, static, and vibratory are common compaction methods used to prepare soil 

specimens in laboratory. 

The effect of method of compaction on strength of compacted clay has been investigated by 

Seed and Chan(2). They showed that the method of compaction has little effect on the strength 

of samples compacted dry of optimum with kneading compaction yielding higher strengths 

than impact compaction. For samples compacted wet of optimum, the influence of method of 

compaction is considerable at about 5% strain(2). When wet of optimum, the strength of 

similar density and moisture content samples increases in the following order of compaction 

methods: kneading, impact, vibratory, and static. 

It is well known that the more parallel or dispersed the clay structure, the lower its 

strength(3,4). In other means, the degree of clay particle orientation and/or the pore-water 

pressure decrease in the same order so that the more flocculated structure gives the highest 

strength(2,3,4). 

El-Rawi, Haliburton, and Ganes(5) showed that method of compaction influence strength of 

soil-cement mixture. They concluded that, for silt-cement mixture, the specimens prepared by 

kneading compaction gave higher strength than those prepared by impact compaction 

optimum and dry of optimum water content. The opposite relation showed for wet of 

optimum. They(5) reported also that, for clay-cement mixtures, the specimens prepared by 

kneading compaction showed higher strengths at 7 days than those by impact compaction. 

The opposite relation was found at 28 days. For fine grained soil-cement mixtures, the gain in 

strength between 7 and 28 days was higher for the specimens prepared by impact compaction. 

The effect of method of compaction appears to be two-fold, namely, influencing both particle 

orientation and rate of cement hydration(5). 
 

2. Materials used 

 
2.1 soils 

 

Three soils from different locations in Iraq were used. They are silt clay from Mosul, silt 

clayey sand from Diyalah, a silt soil from Basrah. Figure (1) shows the grain size distribution 

of the soils used. The properties of the above three soils used are given in table (1). 

 
Table (1) soil properties 

 

Sample no. 1 2 3 

Sample location Mousl Diyalah Basrah 

Specific gravity 2.68 2.70 2.71 

Liquid limit  % 37 44 49 

 Plastic limit  % 20 22 26 

Dry density(kg/m3) 1710 1630 1540 

Opt. water content  % 17 19 22 

Soil description Silt clay Silt clayey sand silt 
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Figure (1) grain size distribution 
 

 

2.2 pozzlana 
 

One source of natural pozzlana that passes sieve No. 200 was used throughout this 

investigation. The natural pozzlana used was obtained from Hammrin location. The chemical 

analysis of the natural pozzlana used is given in table (2). 

 

Table (2) chemical analysis of the pozzlana 
 

 

 

 
 
 
 
 
 
 
 

Oxide % by weight 

Silica (Sio2) 51.84 

Alumina (Al2o3) 13.56 

Ferric oxide (Fe2o3) 2.52 

Lime (Cao) 12.46 

Magnesia (Mgo) 3.80 

Sulphiric anhydride (So3)  0.10 

Loss on ignition 13.0 

Alkalis and other losses 2.62 

Total 99.90 
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3- Specimen preparation 
 
 The required pozzlana content as expressed by percentage of dry soil weight was hand mixed 

with the measured amount of air dried soil. The soil was pulverized to pass U.S. sieve No. 10. 

The water required to give the desired dry density and water content was added and the 

mixture was hand mixed again. Two methods of compaction were used in this investigation:- 

 

1- Impact compaction: - a drop hammer of (0.536 kg) with a face diameter of (2 cm) and a 

drop height of (15 cm) was manufactured for use as a scale model of the standard Procter 

hammer to produce the required samples. The specimens produced were (4 cm) diameter by 

(8 cm) high. The soil-pozzlana mixture was compacted in three layers. 25 blows per layer 

were required by the model hammer to produce equivalent compaction to standard Procter. 

 

 2- Static compaction: - specimens were prepared using the same mold as that of impact 

compaction. The soil-pozzlana mixture was compacted in three layers. Each layer was 

compressed by the compression machine using a plunger to the pressure required to give a 

density equal to that obtained by impact compaction. The identical samples were produced to 

have the same overall density and molding water content(6). 

 

4- Tests 
 
4-1 Properties of soils 
 

4-1-1 Specific gravity 
 

 - The specific gravity of soils was tested according to (ASTM-D854-58). 

 
4-1-2 Atterberg limits  
 

- These tests were carried out according to (ASTM-D423-66) AND (ASTM-D424-59). 

 

 4-1-3 Dry density 
 

 - The water content-density relationship was achieved by the standard Procter test which is 

specified by (ASTM-D689-70). The model specimens were carried out also for the three soils 

investigated. The compaction properties are illustrated in figure (2). 

 

 4-2 Unconfined compression tests:- 
 

At the specified curing age, the wax and cellophane paper were removed, and the unconfined 

compression test was carried out according to (ASTM-D2166-66). The unconfined 

compression tests were carried out at an arbitrary rate of (0.05 in/min.) in a strain controlled 

machine. 

For all tests investigated in this work, the averages of three samples were used for each value 

reported. 
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Figure (2) compaction properties 
 

 

5- Results 
 

5-1 Effect of pozzlana content on unconfined compressive strength 

 

a- For the soils investigated, the unconfined compressive strength increased with the 

increasing in pozzlana content for the specimens compacted at optimum water content cured 

for 28 days at 32oc. Figure (3) indicated these relations. This results agrees with the previous 

findings on soil-cement mixtures(2,7). 

b- The gain in strength with the increasing in pozzlana content is higher for Mousl soil than 

for Diyalah soil. And for Diyalah soil is higher than for Basrah soil. This is because that the 

soils from Mousl and Diyalah are silt clay and silt clayey sand respectively, and these are 

more flocculent(8) than Basrah soil which is silt soil. 

c- At all pozzlana contents investigated, specimens prepared by static compaction showed 

higher strengths than identical specimens prepared by impact compaction. This could be 

explained in terms of soil structure as static compaction produces less disturbance and hence 

lower degree of particle orientation (more flocculent structure) than impact compaction 

resulting in higher strength. 

d- Figure (3) indicates that as pozzlana content increases, the difference in unconfined 

compressive strength between specimens prepared by static and impact compaction slightly 

increases. This was particularly true for the silt clay from Mousl. It is known that the addition 

of pozzlana to a plastic soil tends to make it more flocculent(8). Therefore, the method of 
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compaction influences soil structure particularly when the pozzlana content is higher than 

optimum. 

 

5-2 Effect of molding water content 

 

The effects of method of compaction on soil-pozzlana mixtures when molded at different 

water contents are shown in figures (4, 5, and 6). From these figures the following results are 

obtained:- 

a- The strength-water content relations followed patterns similar to the density-water content 

curves. The strength increased to a maximum and then decreased. 

b- Maximum strength occurs at the optimum water content for the mixture. 

c- Static compaction produced higher strength than identical specimens prepared by impact 

compaction at different molding water contents and for all soils investigated. However as 

illustrated in figure (4), for the silt clay from Mousl, the effect of the compaction method is 

more pronounced for wet of optimum compared with dry of optimum water content. This is 

because with dry of optimum the degree of particle orientation is small and the effect of 

method of compaction is not as marked as it is wet of optimum. The higher strength of 

specimens prepared wet of optimum by static compaction compared with those prepared by 

impact is therefore due to two reasons. First, static compaction produced less particle 

orientation, and second the addition of pozzlana produces further flocculation of the soil, the 

degree of which could have been influenced by method of compaction. 

 
 

 

 

 

 

 

 

 

 

Figure (3) Effect of compaction and pozzlana content on strength 

of soil-pozzlana mixtures molded at optimum water 
content cured 28 days at 32oc. 
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Figure (4) Effect of method of compaction and molding water 

Content on strength of soil-pozzlana mixtures from 
Mousl. (28 days at 32oc). 

 

d- The soils investigated behaved differently at different molding water contents. While with 

soils from Mousl and Diyalah, a reasonable amount of pozzlana could be used for 

stabilization, the results indicate that soil from Basrah is difficult to stabilize with pozzlana 
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specimens to be very weak as shown in figure (6). 
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e- Figure (7) shows the relationship between unconfined compressive strength and curing 

ages for the three soils investigated compacted at optimum water content. The unconfined 

compressive strength increased with the increasing in curing ages for all soils used as shown 

in figure (7). The gain in strength between 7 and 28 days was higher for soil from Mousl than 

other soils used in this work. Static compaction gave higher strength than impact compaction 

for all soils investigated. This effect is more pronounced for soil from Mousl than other soils 

also. 

 

 

 
 

 

 

 

 

 
 
 

 
 
 

Figure (5) Effect of method of compaction and molding water 
Content on strength of soil-pozzlana mixtures from 

Diyalah. (28 days at 32oc). 

 
 

 
 
 

 

 

 

 

 
Figure (6) Effect of method of compaction and molding water 

Content on strength of soil-pozzlana mixtures from 
Basrah. (28 days at 32oc). 

 

0

1

2

3

4

5

6

7

8

9

1 0

11

1 2

1 0 1 5 2 0 2 5 3 0

M o ld in g  w a t e r  c o n t e n t  (% )

 U
n

c
o

n
fi

n
e

d
 c

o
m

p
. 

s
t

r
e

n
g

t
h

 

(k
p

a
 *

 1
0

2
)

Im p a c t

S ta t ic

0

1

2

3

4

5

6

7

8

9

1 0

11

1 2

1 0 1 5 2 0 2 5 3 0

M o ld in g  w a t e r  c o n t e n t  (% )

 U
n

c
o

n
fi

n
e

d
 c

o
m

p
. 

s
tr

e
n

g
th

 

(k
p

a
 *

 1
0

2
)

Im p a c t

S ta tic



Journal of Engineering and Development, Vol. 16, No.4, Dec. 2012  ISSN 1813- 7822 

 165 

 
 

 

 

   

 

 

 

         

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure (7) Effect of curing age on unconfined compressive 

Strength of soil-pozzlana mixtures. 
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6- Conclusions 

 

From the above results the following conclusions may be drawn, limited to the soils and test 

conditions investigated 

1- The strength of soil was always increased with the increasing in pozzlana content 

compacted at optimum water content. 

2- The method of compaction influences strength of soil-pozzlana mixtures and the 

compaction method that results in less soil particle disturbance (static compaction) produces 

higher strength. 

3- The effect of method of compaction on strength is more pronounced wet of optimum than 

dry of optimum water content. 

4- The gain in strength for silt clayey soil from Mousl is more pronounced than silt clayey 

sandy soil from Diyalah and silt soil from Basrah. 
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