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ABSTRACT 

Thc liquefaction of saturated granular soil during earthquakes is a well-known phenomenon 
today and it has been recognized as the cause of many damages to residential and industrial 
structures due to tilting of foundation and extensive settlement of soil. It has been shown in 
recent eart1iqn;lkes that the use of mat and pile foundations for buildings resting on liquefiable 
soils is not always an acceptable solution. A lnorc reliqble procedure to confront the soil 
liquefaction is to replace or iniprove thc liquefiable soil. In this paper the characteristics of 
soil in a site in soutll of Iran are presented in which the soil has been found as being 
potentially liquefiable for the design earthquake. A full site investigation, including drilling, 
sampling, laboratory and in-situ testing showed that the soil is susceptible to liquefaction. The 
site was 'used as part of an expansion program for an oil tank farm. Various methods of 
improving the soil were studied among which the dynamic compactior~ was used to reduce 
liquefaction potential and increase bearing capacity of foundation soil. On the basis of thc 
investigations the compaction operation was designed for exploratory parts of the site.After 
dynamic compaction of the site, soil investigation was repeated and the degree of soil 
improvement regarding the reduction of soil liquefaction at different depths and increasing 
soil bearing capacity was highlighted. Changes in soil charactcristics which were obtained by 
comparing the results of in-sit11 tests such as standard penetration tests, plate loading tests, ... 
were noteworthy and showed that the effect of dynamic compaction on the site was quite 
satisfactory. 



INTRODUCTION 

A site in south of Iran (Bandar Abbas) was chosen as part of an expansion program for an oil 
tank farm. The site is located in the part of country regarded as having high risk of 
earthquakes by Iranian Code for Seismic Resistant Design of Buildings [I]. 

Full geotechnical investigation was carried out in the site. More than 10 boreholes were dug 
in the site to the depth of 30 to 40 meters. Disturbed and undisturbed soil samples were 
obtained. Laboratory tests including grain size analysis, Atterberg limits test, unconfined 
compression tests, consolidation tests, ... have been performed. Field tests such as standard 
penetration test, plate loading test, field density, field unconfined compression test, ... have 
also been carried out. During the assessment of soil characteristics it was recognized that the 
site has a potential of being unstable due to forthcoming earthquakes by liquefaction. To 
confront this problem different methods have been suggested and discussed after which 
dynamic compaction has been used as the most suitable and economical procedure for 
stabilizing the site. In this paper the site characteristics and the preliminary results of soil 
dynamic compaction are presented. 

PROFILE AND PHYSICAL PROPERTIES OF SOIL 

According to the geotechnical investigation carried out in the site, it was found that the soil 
predominately consists of a layer of silty sand and/or sandy silt with occasional lenses of 
gravel, clay and a deep layer of silty clay. The depth of first layer was about 10 meters. For 
this layer the soil was classified as SM using Unified Soil Classification System (USCS). At 
depths greater than 10 meters the soil was classified as CL and CL-MI, according to USCS. 
The water table is met at 2-3 meters depth fiom the ground surface. 

The standard tests on soil samples have been conducted to determine the physical 
characteristics of soil. The percent passing #200 sieve for the first 10 meters of soil was, in 
average, less than 27 % and more than 50% for greater depths. 

Standard penetration tests (SPT) have been performed in all boreholes and typical results are 
presented in Fig. 1 as variation of N values versus depth. 

LIQUEFACTION POTENTIAL 

Liquefaction of soil is a state at which the pore water pressure becomes equal to the external 
confining pressure. At' this condition the soil looses its shearing strength and liquefies. Great 
damages may occur to buildings during major earthquakes due to soil liquefaction [2]. 
Different approaches are used to determine the possibility of soil to liquefy [3]. The site in 
consideration was investigated for determination of liquefaction potential using all the 
available approaches and it was found that the first 9 meters of the soil depth is susceptible to 
liquefaction for earthquakes causing acceleration of .25g or more. Detailed results will be 
published later. 



Mci~stll.cs ~ltcl.cli)l.c sltoultl Ititvc I~ccn titken lo eliminate or rcducc thc risk ol'soil liquefaction 
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its tlccp conipi~ction, stone column, pile Ii)und;itions, prcloading ... among which dynamic 
co~tilx~ction pi.ovcrl to I,c lhc most suitithlc and economical procedure li)r stabilizing thc site. 
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Figure-l : Variation of N value with depth 
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DYNAMIC COMPACTION 

Dynamic compaction consists of repeatedly dropping a heavy weight of between 6 to 40 
tones or more in free fall from a height of between 5 to 35 meters or more on to the soil 
surface under'carefilly controlled condition. The space and time pattern ofdropping the 
weight is chosen to impart the highest energy level to the subsoil. The following relationship 
is often used to determine the suitable weight and free fall height [4]. 

Where D is the effective depth of compaction, a is a constant, W is the weight and H is the 
free fall height. This energy input leads. to the compression of soil voids and consequently 
leads to build up of pore pressure. Dissipation of pore pressure causes a significant increase in 
soil density, causing corresponding increase in shear strength and bearing capacity of the soil. 

. .  . 

As a general rule dynamic :compaction is applicable to soils with small fines content Soils 
which respond most favorable to dynamic compaction are sands and silty sands with PI<8. 
The grain size distribution curves obtained for the soil showed that the soil was suitable for 
dynamic compaction. 



COMPACTION PROCEDURE 

Two parts (I and 11) of the site has been chosen to conduct the trial dynamic compaction and 
finalizing the design of site compaction. Part I was a 12x 12 meters area and part I1 was a 
l ox  10 meters area. The two parts were chosen close to the pre-dug boreholes in order to 
investigate the effect of compaction on the soil properties. A number of piezometers were 
established in the site to measure the build up ofpore pressure during compaction and to 
monitor the rate of pore pressure dissipation. It was found that about 97 percent of excess 
pore pressure dissipated after 36 hours after compaction. 

The site has been surveyed before and atter compaction and it was shown that a settlement of 
about 20 to 30 centimeters in average was occurred due to compaction. At every compaction 
point a pit of about 0.8X 2.7X 2.7 meters was formed which was filled with a suitable coarse- 
grained material. 

After full dissipation of pore water pressure a new borehole were dug close to the part I and 
standard penetration tests were carried out at different depths. The variation of N values with 
depth are presented in Fig. 1. As it can be seen the change in N valuesis eoiiideralite. 
however, its values in small depth might still not be acceptable. To increase the N value more 
energy was imparted to the ground in Part 11. Again the values of N measured with depth and 
it is illustrated in Fig. 1. The results were studied and the final pattern was then chosen as 
shown in fig.2. Photos in Figs. 3(a) and (b) show the compaction procedure in the area. The 
site is being compacted currently and the final results in more detail will be reported in near 
future. 

Grids: 3.0 x 3.0 meters 
0 Pass I: 4 drops, height: 20 meters 
A Pass 11: 4 drops, height: 20 meters 

Pass 111: 1 drops, height: 5 meters 
at all points and center of grids for 
ironing 

Figure-3 : Final tamping pattern 

VIBRATION EFFECT 

Since the site was near an existing tank farm, the vibration effect must have been considered 
on them. Generally the safe distance of 30 to 50 meters should be maintained to the operating 
site. The particle velocity however was measured in the site showing that a distance of about 
30 meters was a safe distance for the site for which the maximum particle velocity was under 
30 mmlsec. The nearest tank to the site has a distance of 65 meters. The details will be 
presented later. 





CONCLUSION 

Investigation of a tank farm site showed that the soil is susceptible to liquefaction Dynamic 
compaction were carried out to increase the density of the soil and confronting the 
liquefaction potential. The particle velocity measurement of the site showed a safe distance of 
about 30 meters from operation site. Dynamic compaction was found to be economical, 
practical and effective in increasing the shear strength of the soil and hence reducing the soil 
liquefaction potential. 
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