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ABSTRACT 
 

A multi-Storey parking lot which is located in Baboulsar beside the Caspian Sea and is one of the 
largest projects in North of Iran was constructed in 2010. The ground, on which the structure was to be 
built on, was prone to liquefaction. Driven concrete piles were utilized in order to improve the soil and 
lower the risk of liquefaction. In the research, compression of soil due to pile driving and its effect on 
reducing the potential of liquefaction is examined. The considered compression mechanism is due to 
movement of the soil particles which are pushed aside as the pile penetrates into the ground during 
the installation process. Conservatively, the effect of ground vibration (caused by driving) on soil 
compaction is ignored in this paper. For numerical modelling, the soil compaction in radial direction 
from the axis of pile is considered. A PLAXIS model was used to simulate the distribution of 
compaction. To obtain the trend of soil compaction distribution in radial direction around the pile, 
horizontal movement of the nodes in PLAXIS model are considered and it has been assumed that soil 
compaction is proportional to this movement. The method was examined in some boreholes in 
Baboulsar city and the results from the numerical model were compared with laboratory tests. At the 
end the benefit of this method is assessed by comparing the soil property before and after pile driving.  
 

1 INTRODUCTION 
 
Due to founding all structures on the ground and interaction between them, buildings are affected by 
soil behaviour and especially its seismic characteristic during the earth quake. Happening liquefaction 
is the common phenomena during shaki9ng the ground, so the need of improvement the ground in 
terms of this issues is inevitable matter to avoid. In recent years many surveys have been conducted 
on these issues and ended up to introduce many solutions through the years. Usually there is a 
tendency among geotechnical engineers to transmit the structural loads to the deep layers of the 
ground which are more reliable and stable during earth quake by utilizing deep foundation. (Bowels, 
Joseph E. Foundation analysis and design 5

th
) .Because of a noticeable cost of pile installation into the 

ground, piling has always been centre of concern for all clients, so decreasing and shortening the 
length of piles is the most cost-effective way to coop with this issue. The focus of this research is on 
developing analytical pile-soil model to simulate soil improvement through driving compaction piles to 
the ground and reduction of liquefiable potential in saturated loose sandy soil. The 9

th
 Multi complex 

parking lot of Baboulsar city is the project I was involved with. Baboulsar city is located in southern 
Costal line of Caspian Lake and the area in which this structure was going to be built was prone to 
liquefaction. By taking this point into account many piles had to be used in order to transfer structural 
loads to stable layers, on the other hand negative skin friction due to settlement of upper layers after 
earth quake and the contraction of liquefiable layers after dissipation of pore water pressure was 
another issue which imposed the use of 220 piles as long as 42m length and as big as 1.2m diameter 
to the project.Compaction of soil causes a reduction in void ratio which is the main soil characteristic 
to dominate liquefaction as well as long term settlement.  
 
2 SCOPE OF WORK 
 

The first step of the job is associated with evaluation of liquefiable potential based on field tests rersult 
and site investigations and then developing a numerical soil-pile model based on Plaxis application 
which is a finite-element software considering reasonable assumptions. After that a logical method is 
generated for determination of compaction of soil around pile based on Plaxis Output and finally 
potential of liquefaction for this particular soil is recalculated.  

 
2.1 Site Investigation and Soil Properties Determination 
 

Based on SPT Test many correlation have been developed relating to determination of liquefable 
potential, so corresponding with extend of the project three boreholes were considered to cover all 
inconsistency and uncertainty of the ground conditions of the project. MBH1, MBH2 and MBH3 were 
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considered to cover all soil conditions and drilled to 20.5m depth .results showed MBH3 was more 
critical in terms of occurring of liquefaction and considered as the reference of calculations. Table 1 
indicates the variety types of soil to a depth of 20.5m related to MBH3 .In this table D10, D60, D50, 
D60 are diameters through which, respectively, 10%, 30%, 50%, 60% soil will pass. Cc and Cu are 
coefficient of gradation and uniformity coefficient respectively.  
 
        Table 1: brief calculation of division of MBH2 based on unified method  

Depth N(SPT) γd γsat γwet ω e k E

[m] [-] [kN/m³] [kN/m³] [kN/m³] [%] [-] [m/day] [kN/m²]

1 1-1.45 12 16.3 - 20.11 23.7 0.63 6.998 17209

2 2-2.45 15 16.4 20.2 - 25.04 0.61 8.64 20262

3 3.5-3.95 16 16.5 20.2 - 25.57 0.61 6.998 21279

4 5-545 10 16.1 20.1 - 27.3 0.64 5.53 15175

5 8-8.45 12 16.3 20.1 - 25.67 0.63 6.998 17209

6 11-11.45 37 17.3 20.8 - 24 0.53 6.998 42646

7 14-14.45 32 17.1 20.7 - 22.65 0.55 10.45 37558

8 17-17.45 19 16.6 20.3 - 26.83 0.6 6.998 24332

9 20-20.45 18 16.6 20.3 - 27.53 0.6 1.382 23314

Layer

 
 

Geotechnical information has been extracted from MBH3 borehole in the site and a series of SPT 
tests based on ASTM-D22 have been carried out in various depths. Following table indicates in which 
depths SPT test have been carried out.  
Considering relationship between SPT value and relative density and evaluating Max and Min dry 
specific weight in laboratory, other characteristics of soil can be determined as follow: 

 

2

1001.0 DK 
  (1) 

K is permeability of soil based on Hazen relation. Calculating the Young Modulus this relation has 
been used. 

6010 NOCRE  
           (2)                            

In above equations N60 is the modified value of SPT test and OCR is considered 1 in most cases in 
which no exact value is available for OCR .Coefficients of β0 and β1 are adopted 5000kPa and 
1200kPa respectively for SP and SW, these value will be 600kPa and 2500kPa for SC and SM. 
 
      Table 2: brief calculation relating to determination of MBH2 soil parameters 

Average 

Depth
σt σ' rd CSR FC

[m] [kN/m²] [kN/m²] [-] [-] [%] CRR F.S CRR F.S CRR F.S

1 1.225 24.63 24.63 0.982 0.16 4 0.328 2.10 0.273 1.75 0.265 1.69 

2  2.225 44.95 22.7 0.967  0.30  3 0.365  1.20 0.293  0.969 0.288  0.94

3  3.725 75.25 38 0.944  0.29  5 0.357  1.20 0.314  1.05 0.301  1.01

4  5.225 105 52.77 0.922  0.29  6 0.273  0.93 0.263  0.904 0.249  0.85

5  8.225 165.3 83.07 0.877  0.28  5 0.264  0.95 0.275  0.99 0.262  0.94

6  11.225 233.5 121.2 0.832  0.25  5.5 0.407  1.59 0.502  1.97 0.435  1.70

7 14.23 29446 152.2 0.787  0.24  5 0.352  1.453 0.454  1.87 0.404  1.67

8 17.23 349.7 177.4 0.742  0.23  6 0.265  1.146 0.341  1.46 0.321  1.38

9 20.23 410.6 208.3 0.697  0.22  21 0.298  1.36 0.363  1.66 0.365  1.67

Ishihara1982
layer

Tatsuka1978 Ishihara1979

 
γd(max) γd(min) achieved in this site investigation are 17.95 and 15.23[kN/m³] respectively. (Gs=2.65) 

 
Three Direct Shear Tests in drained state have been conducted on disturbed samples gained from 1-
1.45m depth based on ASTM-D3080. Table 3 represents internal friction angles for these three 
boreholes. 
                                   Table 3:     Friction angle in 1-1.45m Depth  

Boring No MBH1 MBH2 MBH3

Friction Angle 

(Degree)
32.35 31.6 21.12

 
  
2.2 Investigating of the liquefiable Potential  
 
There are different methods in order to evaluating of liquefiable potential and related safety factor. In 
this paper Seed method which is based on SPT test have been considered (Seed, H.B, Tokimatsu, K. 
Harder, L.F. And Chung, R.M.1985) .In the Seed method Factor of safety is evaluated the proportion 
of Cyclic Resistive Stress ratio over cyclic stress Ratio.  
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CSR

CRR
SF .

           (3) 
In this method Cyclic Stress Ratio (CSR) has been evaluated as follow: 

dr
g

aM
CSR ))()(
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1
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0
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         (4) 
In which M is the magnitude of design earth quake and according geological study this value is 
6(Richter) for this zone. The seismic acceleration of Design earthquake (amax) is 7.5g. in above 
equation the ratio of σ0 to σ′0 is the ratio of overburden stress to effective overburden stress. rd is 
stress reduction factor (Tukimatsu & yoshimi ,1983 . Martin, G.R. And Ricardo Dobry ,1994) .For 
calculating Cyclic Resistive Ratio (CRR) different researchers have established different relationships 
in which paper the following methods have been adopted: 
Ishihara (1978) Relationship  

CF
N

CRR 0035.0
7.0

882.0
0







        (5) 
In which FC is percent finer than no. 200 sieve 

NCN N .1             (6) 

7.0

7.1

0 

NC

          (7) 
In previous equations CN is modified factor of SPT considering water table. 
In Table 4 the result of calculation of safety factor (F.S) based on before cited methods have been 
tabulated. 

Table 4: calculation of factor of safety for liquefaction based Ishihara Method 
Average 

Depth
σt σ' rd CSR FC

[m] [kN/m²] [kN/m²] [-] [-] [%] CRR F.S CRR F.S CRR F.S

1 1.225 24.63 24.63 0.982 0.16 4 0.328 2.10 0.273 1.75 0.265 1.69 

2  2.225 44.95 22.7 0.967  0.30  3 0.365  1.20 0.293  0.969 0.288  0.94

3  3.725 75.25 38 0.944  0.29  5 0.357  1.20 0.314  1.05 0.301  1.01

4  5.225 105 52.77 0.922  0.29  6 0.273  0.93 0.263  0.904 0.249  0.85

5  8.225 165.3 83.07 0.877  0.28  5 0.264  0.95 0.275  0.99 0.262  0.94

6  11.225 233.5 121.2 0.832  0.25  5.5 0.407  1.59 0.502  1.97 0.435  1.70

7 14.23 29446 152.2 0.787  0.24  5 0.352  1.453 0.454  1.87 0.404  1.67

8 17.23 349.7 177.4 0.742  0.23  6 0.265  1.146 0.341  1.46 0.321  1.38

9 20.23 410.6 208.3 0.697  0.22  21 0.298  1.36 0.363  1.66 0.365  1.67

layer
Tatsuka1978 Ishihara1979 Ishihara1982

 
Highlighted cells in red represent in these depth there is a possibility of occurring liquefaction. 

 
In three layers with average depths of 2.225, 5.225 and 8.225 the F.S is less than 1 which means the 
soil is prone to liquefaction. Therefore in order to make underlying soil safer to erect the structure, 
required measures must be taken to increase the F.S. in this regard compaction piles are manipulated 
to improve soil properties and decrease liquefiable potential. 
 
2.3 Evaluating the excess compaction of soil around driven pile 
 
To determine an appropriate estimate excess compaction due to drive an individual pile with particular 
diameter, first it is required to develop an analytical pile-soil model to simulate the soil particles 
movement. The variations of soil compaction around a driven pile is function of soil particle movement 
because of pile driving .I.e. the volume of soil which is occupied by a pile should be distributed in 
surrounded soil with reasonable trend. Physically when the pile is driven into the ground, it pushes the 
soil aside and the amount of this displacement is equal to half of the pile diameter in soil-pile interface, 
but by getting away from pile axis the rate of particles movements which would be an appropriate 
reference to estimate how much a pile with particular properties could improve the soil around 
changes. In order to determine the soil particle displacement in respect to pile axis a Plaxis model 
including Soil-Pile system has been set up which is describe in details(Figure1). 
To generate an appropriate model which represent real circumstances of soil –pile system following 
assumption have been taken into account. 
In terms of geometry of model, the pile is modelled after driving, in this regard an initial displacement 
to the same extent as half of the pile diameter is considered in radial direction of pile axis. Because of 
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instant loading undrained behaviour is assumed and Mohr-coulomb is adopted to simulate soil 
behaviour model .In this research a 4m distance is assumed among piles in square arrangement and 
circular  cross section with 40 centimetres diameter is adopted for pile. In order to simulate the high 
thickness of sand layer, horizontal degree of freedom is assumed in interface of pile and soil and fixity 
in direction of pile longitudinal axis. Figure 1 illustrates a generated model based on these 
assumptions. 
Eventually analysis of Plaxis model ends up the trend of soil particles movement in radial direction 
from pile axis which is a logical trend of densification of soil. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Visual model of soil and pile in Plaxis Software 
 
Figure 2 Shows soil particle movement in radial direction of pile axis in depth 5.225m in which is prone 
to liquefaction. As it is obvious the most displacement occurred in adjacent soil of pile and by getting 
further away from pile axis the amount of this displacement declines. These variations can be 
interpreted by an exponential function. 
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Figure 2: Horizontal soil particles movement in depth 5.225m  
 

2.4 Distribution displaced soil volume through pile driving in surrounding soil 
 
The prime aim of this work is to develop a practical method to evaluate the soil improvement through 
driving compaction piles by taking the soil particles displacement into account as a reasonable 
measure in order to determine soil densification. To meet the purpose, a unit volume of soil is 
assumed to affect by four similar piles which are placed in corner of square with centre of soil unit. The 
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effective length of piles is 1m as well. The distance between piles is S and the influence angle of piles 
on soil element is assumed α. Consequently by decreasing S, α increase, I.e. in the case the piles are 
close together the soil element is affected more by an individual pile. Figure 3 illustrates the model of 
pile and soil element. Piles Layout shown in Figure 3. represents the influence angle of the pile based 
on the distance and pile influence domain is divided into 0.5m intervals. In order to assign how much 
compaction should be added to each sector, considering the soil element in the centre of 4 piles and 
ignoring the effect of one pile on the next opposite pile, it is required to determine how much soil 
particles will be displaced in each sector. The domain of pile influence is illustrated as follow: 
 

Figure 3. Horizontal soil particles movement in depth 5.225m 

The volume of each sector can be calculated and consequently by taking the following basic soil 

mechanic relation the soil solid volume ( d ) in natural state can be evaluated. 

V
G

VVV
V

V

WS

d
S

S

d
S

S
d )

.
()()(





        (8) 

In above equationV , SG , SV , S  are soil element volume, soil particles density, soil particles volume 

and water specific weight respectively. To correspond with configuration of pile influence radius 
domain into sectors, the displacement vs. distance from pile axis is resulted from Plaxis analysis is 
divided into 0.5m intervals. 
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Figure 4. Similar division according to Pile influence domain 
As it was mentioned before, the soil compaction is as a result of soil particles movement and 
squeezing them to each other and reduction in void ratio. So this graph would be the appropriate 
estimate displacement trend of soil particles due to pile driving in surrounding soil. By taking the pile 
influence radius into account and considering soil particles movement in each individual sector, the 
amount of distributed pile volume (V´S) for each sector is determined as follow: 
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In the above relation, Ai, At, D and α are the area blow the carve for each individual interval, total area 
below the carve, pile diameter and pile influence angle respectively. By adding V´S  to the initial VS  in 

each individual section, the new d   after pile driving can be calculated. 
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          (10) 

Eventually by evaluating the new d  in each sector, the graph of specific weight in respect to distance 

from pile axis is depicted. 
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Figure 5. Variations of solid soil weight due to pile driving 

 
As the graph represents application of compaction pile causes variations in Specific Wight in direction 
of soil improvement in which these changes varies parabolically from pile axis. Considering 
overlapping the effects of two or four pile the excess compaction in each sector can be predicted 
according to figure 6. 
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Figure 6. The cumulative of increasing compaction due to two piles 

 
3 REVALUATING PASSIBILITY OF LIQUEFACTION 
 
Considering the calculated soil solid volume for each section through applying basic soil relations, 
relevant dry unit weight can be determined and subsequently revaluating factor of safety for possibility 
of liquefaction in prone layers to liquefaction, a satisfactory outcome is resulted. Table 5 shows that by 
applying compaction pile and increasing dry unit weight no layer is prone to liquefaction.  The results 
have been tabulated as follow: 
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Table 4: Revaluating soil parameters and safety factor for liquefaction after pile driving 
VS(old) VP VS(new) γd e(old) VV(old) e(new) γsat(new) σt(new) σ′(new)

[m³] [m³] [m³] [kN/m³] [-] [m³] [-] [kN/m³] [kN/m²] [kN/m²]

1 0.615 0.02 0.64 16.8 0.63 0.4 0.58 20.4 25.05 25.1

2 0.619 0.02 0.64 16.9 0.61 38 0.56 20.6 45.78 23.5

3 0.623 0.02 0.64 17 0.61 0.4 0.56 20.6 76.64 39.4

4 0.608 0.02 0.63 16.6 0.64 0.4 0.59 20.4 106.54 54.3

5 0.615 0.02 0.64 16.8 0.63 0.4 0.58 20.4 168.2 85.9

6 0.653 0.02 0.67 17.8 0.53 0.4 0.48 21.1 236.98 124.7

7 0.645 0.02 0.67 17.6 0.55 0.4 0.5 21 298.34 156.1

8 0.626 0.02 0.65 17.1 0.6 0.4 0.55 20.6 355.51 183.3

9 0.626 0.02 0.65 17.1 0.6 0.4 0.55 20.6 417.43 215.2

layer

 
 

Layer CSR CRR F.S CRR F.S CRR F.S

1 0.156 0.348 2.23 0.332 2.13 0.348 2.23

2 0.304 0.377 1.24 0.361 1.18 0.376 1.24

3 0.297 0.416 1.4 0.422 1.42 0.416 1.4

4 0.292 0.338 1.16 0.337 1.15 0.338 1.16

5 0.277 0.376 1.35 0.401 1.45 0.375 1.35

6 0.255 0.567 2.23 0.789 3.1 0.567 2.23

7 0.242 0.529 2.19 0.742 3.07 0.529 2.19

8 0.232 0.44 1.89 0.573 2.47 0.44 1.89

9 0.218 0.441 2.02 0.527 2.41 0.441 2.02

Tatsuka1978 Ishihara1979 Ishihara1990

 
 

Probing the results indicates the possibility of liquefaction has been reduced enough through applying 
pile compaction as well as settlement due to this phenomena ,So by taking measure like this, safe bed 
is provided for erecting any structure in terms of liquefaction. 

 

4 CONCLUSION 
 
It is observed that the horizontal movement of soil particles around a driven pile depends on their 

distance from pile axis, with increasing the distance this amount decreases. Considering the point that 

the soil compaction is as a result of soil particles movement and filling the void spaces e soil, the 

graph of soil particles displacement would be the appropriate reference in order to determine the trend 

of distribution of compaction. In this research the considered compression mechanism is due to 

movement of the soil particles which are pushed aside as the pile penetrates into the ground during 

the installation process. Conservatively, the effect of ground vibration (caused by driving) on soil 

compaction is ignored. By distributing the additional volume of pile to the surrounding soil with 

reasonable trend, the amount of increase of specific weight of soil in radial direction from pile axis can 

be achievable. 

The effect of driven pile on closer section of soil is more significant and by getting farther and farther, 

this impact decreases. 

 
REFERENCES 
 
Ishihara, K.(2003)."Liquefaction And Flow Failure During Earthquake"J. Geotechnical 43,No.3,351-415.  
Technical Committee For Earthquake Geotechnical Engineering, TC4, ISSMFE.(1993). Manual For Zonation on Seismic 

Geotechnical Hazard. Published By the Japanese Sosiety of Soil Mechanics and Foundation Engineering. Dec, 1993.  
Ishihara, K.(1985)."Stability of Natural Deposite During Earthquakes". Proc. 11th Int. conf. Soil Mech, Sanfransisco, No 1-321-

376.  
Seed, H.B, Tokimatsu, K. Harder, L.F. And Chung, R.M.(1985)."Influence of SPT Procedures in Soil Liquefaction Resistance 

Evaluation." .1. Geotechnical Engineering, Vol. 111, No.12, Dec.1985.PP.1425-1445.  
 Ishihara, K.(1990). "Evaluation of liquefaction Potential And conequent Deformation In Sand Files" .Proc. of Seismic Workshop 

for 2030 master plan of port of LosAngles.  
Prakash, S.(1983)."Soil Dynamics". Me Graw-Hill company. Newyork.  
Brown, R.  E. (1977) ."Vibroflotation Compaction of _Cohesionless Soil"  
Terzaghi, K., and Peck, R. B. (1960). “Soil mechanics in engineering practice.” John Wiley and Sons, London, 566 pp 
Geotech. div. ASCE103. No: G12. 1437-14510  
 Joseph, E. Bowles. (1996).''Foundation analysis and design", fifthin edition.Mac Graw-Hill publisher, United state  
Braja, M.Das. (1991). " Principle of foundation engineering". 2nd ed  
Prakash, S. and Sandoval, J.A (1992).''Liquefaction of Low plasticity Silts".  
Soil Dynamics and Earthquake Engineering. 11,p.p373-379  
Finn, W.D. Liam. (1993).'' Evaluation of Liquefaction potential ". Proceddings of the Seminar on Soil Dynamic and Geotechnical 

Earthquake Engineering, Lisboa, Portugal, 26-29 July  

ANZ 2012 Conference Proceedings 1454


