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ABSTRACT: Liquefaction in sand and silty soil layers due to earthquake is one of the important phenomena in 

earthquake geotechnical engineering. During the earthquake pore water pressure increases in soil layer until equal to 

total stress. Then, effective stress decrease to zero. In this condition soil layer loses its shear strength. The results of 

this phenomenon in soil layer are instability, wide settlement in ground level and underground. In last two decades, 

several empirical methods have been proposed for determining settlement in soil layers due to liquefaction based on 

experimental and field tests. Main idea in this research is evaluation of probable settlement of soil layers in up and 

below ground water level due to liquefaction in south eastern of Tehran. In this research, firstly liquefaction 

potential of soils in study area based on Standard penetration test (SPT) results was evaluated. Then, liquefaction 

potential index (LPI) for determining severity of liquefaction assessed. In final, value of settlement in soil layers (up 

and below ground water level) was calculated. Results of this study showed that with considering ground water 

table and SPT blow count in study area can be found there is low to moderate risk of liquefaction due to earthquake 

in future. Also, Analysis of data showed that volumetric strain value in saturate soil layer with increasing relative 

density goes down to significantly. Also, with increasing maximum shear strain due to earthquake in soil layer 

volumetric strain growth. Although, percentage of fines content in soils affect to rate of volumetric strain and in 

volumetric strain analysis in soil layers above ground water table showed that first rate of εv relative to saturate 

condition is more. Second, in all of relative density values volumetric strain with increasing fines content in soil 

layer go up to gradually. 

Key words: Liquefaction, Settlement, Liquefaction potential index, Standard penetration test, South eastern of 

Tehran alluvium.  
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INTRODUCTION  

 

When loose sand is subjected to seismic shaking, it 

tends to volume reduction and settlement. The density of 

the under layers is revealed in the settlement of the ground 

surface that causes the destruction of the structures located 

on such surface. In dry sand layer, settlement in severe 

shakings occurs under a constant and effective stress 

condition and very rapid tension. In this regard, the sand 

deposit settlement is completed before the end of an 

earthquake, but if the sandy soil layer is saturated and 

drainage is limited the condition is prepared of fixed 

volume situation and the major effect of the seismic 

shocks is generation of exceed pore water pressure. 

Therefore, the deposit settlement of saturated sand 

requires a longer time, varying from a few minutes to a 

few days, depending on the permeability and 

compressibility of the soil and the length of the drainage 

path. However, sand settlement under the effect of the 

seismic loading is difficult to estimate and the possibility 

of error, between 25% and 50%, is even higher than the 

common values of the error in the estimation of the 

settlement of the stability (Ishihara and Yoshimine, 1992). 

The main purpose of the present study is to evaluate the 

probable rate of settlement in the soil layers at south and 

south eastern of Tehran alluvium and correlation with 

liquefaction potential index (LPI), discussed in the 

following paragraphs. 

 

Liquefaction and settlement  

If saturated sand sediment goes under seismic 

vibration it tends to compress and undergoes volume 

reduction in the absence of drainage possibility due to an 

increase in pore water pressure. If the pore water pressure 

in the sand deposit increases due to a continuous 

vibration, its quantity may sometimes be equal to the total 
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stress. Based on the concept of the effective stress, it can 

be written:                ' u                       (1) 

In the above equation the effective stress is σ΄ and 

the total stress is σ and the pore water pressure is u, and, if 

σ is equal to u, σ ˊ is equal to zero. Under this condition, 

the sand can be fluid, lacking in shear resistance. Such a 

condition is called liquefaction. Liquefaction of saturated 

sand during an earthquake is a damaging factor for 

buildings, earthen dams, and retaining walls and etc.  The 

magnitude of an earthquake and its duration, the void 

ratio, the relative density, the fines content and soil types, 

the ratio of over consolidation and the range of shear 

stress inflicted on the mass of the soil are factors that 

influence the occurrence of liquefaction. In recent years, 

various field methods have been employed to assess this 

phenomenon. The standard penetrations method (SPT) 

(Seed and Idriss, 1971; Seed et al., 1983; Idriss and 

Boulanger, 2006 and 2010; Noutash et al., 2012; 

Ghasemian et al., 2017), Cone penetration method (CPT) 

(Robertson and Wride, 1998) and geo-seismic tests by 

measuring the velocity of the shear wave can be 

mentioned among field methods (Andrus and Stokoe, 

1997; Andrus et al., 2004; Dabiri et al., 2011). The 

tendency of sand to become compressed while under 

earthquake vibration has been studied and analysed. The 

soil layer compression appears as settlement on the 

ground surface. The settlement due to an earthquake 

causes fatigue in the structures located on the shallow 

foundations and the destruction of the facilities serving the 

structures located on the piles, besides damaging the vital 

piles commonly buried in lower depths. The dried sand 

compaction occurs rapidly; typically, the settlement of a 

sand mass is completed after an earthquake, but the 

settlement of saturated sand requires a longer time. The 

settlement occurs when the pore pressure caused by 

earthquake is dissipated. The required time for settlement 

depends on the permeability and density of the soil and 

the length of the drainage course, with the time varying 

from a few minutes to several days. It is difficult to 

determine the settlement caused by an earthquake. The 

errors between 25% and 50% are common in the static 

settlement prediction and these errors increase in the case 

of more complicated loading of the earthquake (Askari et 

al., 2010). The rate of the settlement in the sand layers, 

based on the field test in the two states of the dried layers 

(Silver and Seed, 1971; Pyke et al., 1975) and the 

saturated layers (Lee and Albaisa, 1975; Tatsouka et al., 

1982; Tokimatsu and Seed, 1987; Shamato et al., 1998; 

Wu, 2004; Cetin and Unutmaz, 2004; Chen et al., 2016; 

Oshnaviye and Dabiri, 2017) are evaluated. In continue, 

the general conditions and the layering of the soil in the 

study area and summary of the standard penetration used 

for assessing the liquefaction potential and then the 

evaluation method of the probable settlement in both the 

dried and saturated states in the area under study is 

mentioned and then, the results of the study are explained. 

Geology and general conditions in study area  

Tehran plain mainly consists of Quaternary 

formation. This formation is often a result of erosion and 

re-deposition of former sediments. It is extended to the 

south as a young fan and generally consists of unsorted 

fluvial and river deposits. Both, the effects of climate 

processes and tectonic young activities caused a 

miscellaneous alluvium of type, thickness and grain size 

to be formed. For the first time, Rieben (1955) and then 

Pedrami (1981) divided the Tehran plain into five units as 

shown in Figure 1. These units include units A and Bn in 

the north, unit Bs in the south, unit C in the north, west 

and centre and unit D in the centre and south of Tehran 

plain. Border of these units at the north of Tehran was 

further defined by Abbasi and Shabanian (1999). The 

general characteristics of the different units of Tehran 

plain are shown in Table 1. The data on the type of the 

materials, shown in Table 1, has been provided on the 

basis of the information obtained from about 700 drilled 

boreholes throughout the area (Jafari et al. 2001). 

 

 
Figure 1. Geology map of Study Area (Jafari et al. 2001) 

 

Table 1. Characteristics of different units in Tehran Plain 

(Jafari et al. 2001) 

Unit Period Formation Constituting materials 

A 
Plio- 

Pleistocene 
Hezardareh 

Congelomerate with silt-

sand-gravel and silt-clay 

mixtures 

Bn Quaternary Hezardareh 
Cobble, boulder, gravel 

and sand 

Bs Quaternary Kahrizak Silty sand 

C Quaternary Kahrizak Gravel, sand, silt and clay 

D Quaternary Kahrizak Silt and clay 

Study area 
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Assessment of liquefaction 

In order to evaluate the liquefaction potential of soils 

using two field methods, geotechnical information of 67 

boreholes in the south and southeast of Tehran including 

11 to 16 municipality areas were collected (Figure 1). As 

mentioned before, the types of soil and geotechnical 

properties can affect the liquefaction potential. In this 

study, the gravely sand, silty sand and silty soils were 

studied. Ground water level is one of the main parameters 

in in soil liquefaction potential evaluation of soils. 

Variation of water level in boreholes have been proposed 

in Figure 2. The peak ground acceleration (PGA) is 

necessary for the analysis of boreholes to evaluate 

liquefaction potential of soils. According to Figure 3, 

PGA values were selected in each boreholes position 

(Shafiee et al., 2011). 

In the assessment of the liquefaction potential of the 

soils in the study area, the simplified method by Idriss and 

Boulanger (2006) is used together with the results of the 

standard penetration test, so that, first, the quantiy of 

cyclic stress ratio (CSR) is estimated expressing the rate 

of the severity of the earquake load in a Mw=7.5 that is 

estimated using the equation bellow:  

7.5 '

1
0.65 . . .max V

d

V

a
CSR r

g MSF






                                   (2) 

In the above equation, amax is the peak ground 

acceleration, g is acceleration of gravity, σV total stress in 

the depth in the question, σ΄V effective stress in the same 

depth, rd coefficient of shear stress reduction using the 

form Figure 4 is estimated and MSF (Magnitude Scale 

Factor) is earthquake magnitude scale factor that is 

calculated based on Andrus and Stokoe in 1997 using 

equation 3. In this equation Mw is earthquake magnitude: 

 

3.3

7.5

WM
MSF



 
  
                                                       (3) 

In order to determine to cyclic resistance ratio 

(CRR) of the soils simplified and modified method by 

Seed et al. (1985) are used. For this, first the results 

obtained from the standard penetration test are presented, 

based on the following equation by the application of the 

presented parameters by Skempton (1986) that are 

modified in Table 2. 

1 60(N ) SPT N E B R SN C C C C C     
                  (4) 

In this equation, NSPT, the number of standard 

penetration resistance test, CN coefficient of the over 

burden stress, CE the coefficient of the hammer energy, CS 

the coefficient of the sampling method, CB the coefficient 

of the bore hole diameter, CR the coefficient of the rod 

length and (N1)60 is the modified number of the standard 

penetration test. After that, according to the presented 

proposal by Idriss and Boulanger (2006, 2010), the 

overburden tension correction factor (CN) is determined 

using the following equation:  

          
'

1.7,  100a
N a

V

P
C P kPa





 
   
   

(5) 

          
 1 60

0.784 0.0768 N  
 

(6) 

In the above equation, Pa = 100kPa, is the 

atmospheric pressure and σ΄V is the effective stress at the 

depth in question, and (N1)60 is corrected the number 

penetration resistance test standard. After the modification 

of the number of the standard penetration test, its equal 

quantity is determined (N1)60CS for clean sand, and then 

cyclic resistance ratio (CRR) is assessed by the 

application of the following equations (Figure 5): 

         
     1 1 160 60 60CS
N N N 

 
     (7) 

          
 

2

1 60

9.7 15.7
1.63 exp 1

0.1 0.1
N

FC FC

   
       

      
     (8) 

         

       
2 3 4

1 1 1 160 60 60 60exp( 2.8)
14.1 126 23.6 25.4

cs CS CS CS
N N N N

CRR
       

                  
         

     (9) 

In equations mentioned above FC is equal fines 

content in soil layer. 

In the calculation of the CRR, if the amount of 

effective vertical stress at the depth under the study is 

more than 100 kPa, the CRR value is modified by using 

the following equation: CRR.KCRR j                        (10) 

In this equation, the CRRj is corrected cyclic 

resistance ratio. Furthermore, the Kσ parameter is a 

coefficient based on the effective vertical stress that is 

calculated by the following (Hynes and Olsen, 1998): 

           

1f
v

100

'
K



 






 


 
  (11) 

Where Kσ is the overburden correction factor, σ΄V is 

the effective overburden stress and f is an exponent that is a 

function of site conditions including relative density, stress 

history, aging and over consolidation ratio. For the relative 

densities between 40% and 60%, f= 0.7-0.8 and for the 

relative densities between 60% and 80%, f= 0.6-0.7 (Figure 

6). Safety factor (Fs) against liquefaction in soil layers is 

calculated using the following equation: 

          FS= ( )   (12) 

Liquefaction occurs when the amount is Fs ≤ 1; 

when it is Fs >1 there is no probability of the occurrence 

of liquefaction. 

 
Figure 2. Variation of ground water table level in study 

area 
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Figure 3.The study area and PGA distribution throughout Tehran for an earthquake corresponding to 475 year return period 

(Shafiee et al., 2011) 

 

 
Figure 4. Variations of stress reduction coefficient with 

depth and earthquake magnitudes (Idriss, 1999) 

 

Table 2. Correction factor of SPT (Skempton, 1986) 

 

7.1

/
5.0





N

va

C

P  
CN  

Overburden 

Pressure 

0.5 to 1.0 
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CE 
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Figure 5. Liquefaction resistance curve for the 

earthquakes of 7.5 magnitudes (Idriss and Boulanger, 2010). 

 

 
Figure 6. Variations of Kσ values versus effective 

overburden stress (Hynes and Olsen, 1998) 

Study Area 
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Liquefaction potential index (lpi) 

The researchers presented several methods for the 

assessment of the rate of liquefaction and the level of 

occurrence. One of the common methods is that of Iwasaki 

et al. (1978, 1982), presented in the following equation: 

 

        
 

20

0

. ( )LPI W Z F Z dz 
 

  (13) 

        ( ) 1F Z Fs                       For Fs < 1 (13a) 

        ( ) 0F Z                              For Fs ≥ 1 (13b) 

        ( ) 10 0.5W Z Z                   For Z < 20 m (13c) 

        ( ) 0W Z                               For Z > 20 m (13d) 

 

In the above equation, Z is the depth of midpoint in 

question. The Liquefaction intensity is stated between 

zeros and 100. The liquefaction risk can be obtained using 

Table 3, based on the liquefaction potential index (LPI).  

 

Table 3. Liquefaction potential index (LPI) and its 

describes (Iwasaki et al., 1978, 1982)  

LPI- Value 
Liquefaction risk and investigation/ 

Countermeasures needed 

LPI=0 
Liquefaction risk is very low. Detailed investigation 

is not generally needed. (very low) 

0<LPI≤ 5 

Liquefaction risk is low. Further detailed 

investigation is needed especially for the important 

structures. (low) 

5<LPI≤ 15 

Liquefaction risk is high. Further detailed 

investigation is needed for structures. A 

countermeasure of liquefaction is generally needed. 

(high) 

LPI> 15 
Liquefaction risk is very high. Detailed investigation 

and countermeasures are needed. (very high) 

 

Evaluation of settlements due to liquefaction  

In the present study, calculation of the settlement 

amount or the volumetric strain in soil after liquefaction 

was done in two parts. The first part was analysed in the 

soil layers above the groundwater level and the second 

part in the soil layers under the water table (it means in the 

saturated mode) as described in the following: 
Tokimatsu and Seed (1987) method was used in 

order to determine the soil above the water table level in 

of the boreholes, whose chart of information is seen in 

Figure 7. In order to determine the volumetric strain (εv) 

in the upper layers of groundwater level in borehole logs 

(67 boreholes) in south and south eastern of Tehran city 

has taken the following: 
1- The relative density (Dr) on a soil layer by using 

the formula provided by Idriss and Boulanger (2010) was 

determined according for a number of standard 

penetration resistance tests. 

 1 60 .100
46

r

N
D 

 
(15) 

2- Using the formula provided by Tokimatsu and 

Seed (1987) cyclic shear strain in question layer were 

determined as follows: 

         
rd

Gg

a v
cyc ...65.0

max

max 
 

 
(16) 

In the above equation, rd is the stress reduction 

factor, amax the peak ground acceleration, σv represents the 

total stress at the depth in question, and Gmax is the 

maximum shear modulus calculated by below equation 

that proposed Tokimatsu and Seed (1987) based on 

kN/m
2
: 

        
   

0.5
0.33 '

14400. ( 60) . )max VG N 
 

(17) 

3- After the calculation of the volumetric strain (εv) 

using the Figure 7 in each layer of the soil borehole logs 

settlement in each layer is determined using the following 

equation: 

( )
100

vH h


  
 

(18) 

In the above equation, h is the thickness of layer in 

question. Finally, for each borehole log, the total of 

settlement of the each soil layers above the groundwater 

level is accumulated in meter. 

 

 
Figure 7. Correlation between volumetric strain and shear 

strain for Mw=7.5 based on relative density (Tokimatsu 

and Seed, 1987) 

 

Also, Tokimatsu and Seed (1987) method was used 

for determining soil settlement and volumetric strain at the 

below groundwater level in 67 boreholes of the study area 

following procedure: 

1-the cyclic stress ratio (CSR) due to earthquake is 

estimated with using equation (2) for each soil layers of 

boreholes in the underground water level.  

2- Then with using Equation 7, clean sand 

equivalent to the number (N1)60CS standard penetration 

resistance test for soil layers below the water table was 

determined. 

3- The volumetric strain rate (εv) is calculated by 

determining both the CSR and (N1) 60CS for each soil layer 

under the study with using the diagrams shown in Figure 

8. 
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4- Finally, after calculating the volumetric strain 

(εv) in each layer of the soil, settlement values was 

determined in meters for each layer of boreholes with 

using equation 18  and then total amount of settlement of 

layers below the water table is calculated. 

Finally, after accumulating the amount of 

settlements of soil layers in the upper and lower of the 

groundwater level in each borehole study area the total 

value of settlement calculated for them. 

 
 Figure 8. Evaluation of volumetric strain in saturated 

sand based on CSR and (N1)60 values, Mw=7.5 

(Tokimatsu and Seed, 1987) 

 

RESULTS  

 

Results of this study can be explained in below: 

1- In 67 boreholes was collected in study area 

generally 538 soil layers assessed. In terms of type 252 

sandy, 220 silty and 66 gravelly layers were evaluated. 

According to Figure 9 distribution of NSPT values can be 

seen. In general NSPT amounts are between 10 and 70. 

Also, in accordance with Figure 10 can be observed that 

safety factor values against liquefaction about in 30 and 

40 percent of saturated soil layers are less than 1. 

 

 
Figure 9. Variations of NSPT versus depth in study area  

 
Figure 10. Variations of safety factors in soil layers 

versus depth based on Idriss-Boulanger method in study 

area. 

2- Variations of liquefaction potential index (LPI) 

based on Iwasaki et al. (1978 and 1982) in study area is 

proposed in Figure 11. As can be observed according to 

Table 3 criterion about 80 percent of boreholes have LPI 

between 0 and 5 which state that they have low to 

moderate liquefaction risk. In the same way, almost 20 

percent of boreholes have moderate to high liquefaction 

risk. In other words, study area with consideration ground 

water level generally has liquefaction risk.  

 
 Figure 11. Values of LPI in boreholes in study area 

 

Table 4. Values of LPI in boreholes in south and south east of 

Tehran 

LPI>15 5<LPI<15 0<LPI<5 LPI=0 Liquefaction 

potential 

index (LPI) 

1 13 32 22 Number of 

boreholes 

2% 19% 47% 32% Percent (%) 

   

 3- Probable total settlement due to liquefaction in 

soil layers (collection of up and below ground water level) 

at study area can be seen in Figure 12a. Maximum 

settlement can occur due liquefaction in soil layer is more 

than 0.25m. Also, rate of total settlements in soil layers 

compared with liquefaction potential index. It was showed 

there is good agreement between both of parameters 
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(Figure 12a, b). According to Table 5 boundary values of 

probable settlement accordance with LPI is proposed.  

 

 

 
Figure 12. Comparison of total settlements with LPI in 

boreholes at study area  

  
 

 

Table 5. Comparison of boundary values of total settlements 

with LPI in boreholes  

LPI 

>15 

5< LPI <15 0< LPI <5 LPI=0 Liquefact

ion 

potential 

index 

(LPI) 

H>0.2

13 

0.107<H<0.

213 

0.002<H<0.

107 

0.001<H<0.

002 

Total 

settlemen

t in soil 

layer (m) 

1 13 32 22 Number 

of 

boreholes 

2   19 47 32 Percent 

(%) 

 

4- In saturate soil layers effect of relative density 

on volumetric strain can be observed in Figure 13. 

Accordingly, with increasing relative density volumetric 

strain significantly decreases. Likewise, with growth fines 

content in soil layer volumetric strain went down to 

considerably.  

 

 
Figure 13. Effect of relative density on volumetric strain in 

saturate soil layer.  

 

 

5- Effect of maximum shear strain (max) due to 

earthquake in volumetric strain of saturate soil layers can 

be found in Figure 14. Generally, with increasing shear 

strain in soil volumetric strain go up. Although, rate of 

growth εv in fines soils (fc > 35%) relative to granular soil 

layers (with fc=5 to15%) is slow. 

 

 
Figure 14. Effect of maximum shear strain on volumetric 

strain in saturate soil layer.  

 

 

6- Variations of volumetric strain versus maximum 

shear strain in soil layers located above ground water table 

can be observed in Figure 15 (a, b). With considering of 

relative density it is observed that in loose to moderate 

dense soils volumetric strain with increasing max go up. 

Similarly, this condition can be seen in very dense soils. 

Despite the fact that in relative density between 40 and 

70% behaviour of soil in low maximum shear strain (max 

< 0.015%) similar to each other. Also in contrast with 

saturate soil layers, in dry soil layers with increasing fines 

content (fc > 35%) volumetric strain is more than granular 

soils (fc=5-15%). 
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Figure 15. Variations of volumetric strain versus 

maximum shear strain in dry soil layers based relative 

density a: 40% < Dr < 70%, b: Dr >70%. 

 

 

 

CONCLUSION AND DISCUSSION  

 

As mentioned earlier, main aim of this study 

evaluation of probable settlement in soil layers due to 

liquefaction in south and south eastern of Tehran city. 

Liquefaction potential evaluation of soils have been 

performed according to Idriss and Boulanger (2006, 2010) 

method. Then, Liquefaction potential index (LPI) assessed 

based on Iwasaki et al. (1978, 1982) procedure. Finally, 

settlements of soil layers in above and below of ground 

water table have been evaluated. Almost 67 boreholes 

collected in study area. Results of this study can be 

explained follow: 

1- Similar to results of Noutash Khalil et al. (2012) 

study, with considering ground water table and SPT blow 

count in study area can be found there is low to moderate 

risk of liquefaction due to earthquake in future.    

2- Results of settlement in soil layer due to 

liquefaction showed that ground deformation is probable 

and about maximum settlement equal 0.25m can occur. As 

well as, values of LPI analysis approve this condition. 

With considering of boreholes position distribution risk of 

settlement in south part of study area (i.e. 11, 12, 16 and 

19) is high. 

3- Analysis of data showed that volumetric strain 

value in saturate soil layer with increasing relative density 

goes down to significantly. Also, with increasing 

maximum shear strain due to earthquake in soil layer 

volumetric strain growth. Although, percent of fines 

content in soils affect to rate of volumetric strain. 

4- Volumetric strain analysis in soil layers above 

ground water table showed that first rate of εv relative to 

saturate condition is more. Second, in all of relative 

density values volumetric strain with increasing fines 

content in soil layer go up to gradually. Also, similarly 

with growth of maximum shear strain value of εv 

increases. Means that is fines soil located between 

granular particles can cause increasing in void ratio and 

then affect in volumetric strain. 

In sum up, settlement due to liquefaction in soil 

layers is one of the important phenomena in geotechnical 

earthquake engineering. As has been noted, maximum rate 

of settlement in soil layers in study area is equal 0.25m 

which should be considered. Accordingly, serious 

damages can be inflicted to buildings, underground 

structures and life lines. Similarity of these results has 

been observed by Oshnaviye and Dabiri (2017) and 

Ghasemian et al. (2017) in their researches. Therefore, it 

is suggested in future researches with using empirical and 

numerical (or soft computing) methods based on field and 

experimental tests results a detailed assessment conducted 

and influence of various parameters on settlement of soil 

layers be determined until suitable methods for soil 

improvement proposed.  

 

DECLARATIONS  
 

Author’s contributions  

All authors contributed equally to this work. 
 

Competing interests  

The authors declare that they have no competing 

interests 

    

REFERENCES  

Andrus RD, Stokoe KH. (1997). Liquefaction Resistance 

Based on Shear Wave Velocity NCEER Workshop on 

Evaluation of Liquefaction Resistance of Soils. 

Technical Report NCEER-97-0022. T. L. Youd and I. 

M. Idriss, Eds, Held 4-5 January 1996, Salt lake City, 

UT, NCEER, Buffalo, NY, 88-128. 

Andrus RD, Piratheepan P, Ellis BS, Zhang J, Juang HC. 

(2004). Comparing Liquefaction Evaluation Methods 

0

1

2

3

4

5

6

7

0.005 0.01 0.015 0.02 0.025 0.03

εv
 (

%
) 

γmax (%) 

fc > 35%

fc=5-15%

40% < Dr < 70% 

a 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0.005 0.01 0.015 0.02 0.025

εv
 (

%
) 

γmax (%) 

fc > 35%

fc=5-15%

Dr > 70% 

b 



To cite this paper: Nouhi Oskoui R, Dabiri R, and Amelsakhi M. (2017). Evaluation of Settlement in Soil Layers due to Liquefaction in Alluviums in South Eastern of Tehran. J. 

Civil Eng. Urban., 7 (5): 70-79. www.ojceu.ir 
78 

Using Penetration Vs Relationship. Journal of Soil 

Dynamics and Earthquake Engineering, 24: 713-721. 

 Askari F, Dabiri R, Shafiee A, Jafari MK. (2010). Effects 

of Non-Plastic Fines Content on Cyclic Resistance and 

Post Liquefaction of Sand-Silt Mixtures Based on 

Shear Wave Velocity. Journal of seismology and 

earthquake engineering, 12(1, 2): 13-24.  

Abbasi MR, Shabanian E. (1999). Fault map of north 

Tehran. International Institute of Earthquake 

Engineering and Seismology, Tehran. 

Cetin KO, Unutmaz B.  (2004). Probabilistic Models for 

the Assessment of Post Cyclic Soil Deformations. 9
th

 

ASCE Specialty Conference on Probabilistic 

Mechanics and Structural Reliability. 1: 20-31. 

Chen Q, Wang Ch, Juang HC. (2016). Probabilistic and 

spatial assessment of liquefaction-induced settlements 

through multiscale random field models. Engineering 

Geology, 21(2): 135-149. 

Dabiri R, Askari F, Shafiee A, Jafari MK. (2011). Shear 

wave velocity based Liquefaction resistance of sand-

silt mixtures: deterministic versus probabilistic 

approach, Iranian journal of science and technology, 

Transactions of civil engineering, 35 (C2): 199-215. 

Ghasemian M, Dabiri R, Mahari R. (2017). Settlements 

Hazard of Soil Due to Liquefaction along Tabriz Metro 

Line 2, Pamukkale University Journal of Engineering 

Sciences (Accepted-In press) 

Hynes ME, Olsen RS.  (1998). Influence of Confining 

Stress on Liquefaction Resistance, Proceeding, 

International Workshop on the Physics and Mechanics 

of Soil Liquefaction, held 10-11 September,  

Baltimore, M.D., A.A. Balkema, Rotterdam, 

Netherlands. 

Idriss IM.  (1999). an update to the Seed-Idriss simplified 

procedure for evaluating liquefaction potential, In: 

Proceedings, TRB workshop on new approaches to 

liquefaction, publication no. FHWARD-Federal 

Highway Administration, 99-165. 

Idriss IM, Boulanger RW. (2006). Semi-empirical 

procedures for evaluating liquefaction potential 

during earthquakes, Soil Dynamic and Earthquake 

Engineering, 26: 115-130. 
 

Idriss IM, Boulanger RW. (2010). SPT-based liquefaction 

triggering procedures, Report no. UCD/CGM-10/02, 

Center for Geotechnical Modeling, University of 

California, Davis. 

Ishihara K, Yoshimine M. (1992). Evaluation of 

Settlement in Sand Deposits Flowing Liquefaction 

during Earthquakes, Journal of soils and foundations, 

32 (1): 173-178. 

Iwasaki T, Tokida K, Tatsuko F, Yasuda S. (1978). A 

practical method for assessing soil liquefaction 

potential based on case studies at various sites in 

Japan, Proceedings of 2nd International Conference on 

Microzonation, San Francisco, 885–896. 

Iwasaki T, Tokida K, Tatsuoka F, Watanabe S, Yasuda S,  

Sato H. (1982). Microzonation for soil liquefaction 

potential using simplified methods, Proceedings of 2nd 

International Conference on Microzonation, Seattle, 

USA, 1319–1330. 

Jafari MK, Razmkhah A, Sohrabi A, Keshavarz M, 

Pourazin K. (2001). Complementary seismic 

microzonation studies for South of Tehran. IIEES (in 

Persian), Tehran, Iran. 

Lee KL, Albaisa A. (1974). Earthquake Induced 

Settlements in Saturated Sands, Journal of the 

Geotechnical Engineering Division, ASCE 100 (4): 

387– 406. 

Noutash Khalil M, Dabiri R, Hajialilue Bonab, M. (2012) 

Evaluating the Liquefaction Potential of Soil in the 

South and Southeast 0f Tehran based on Shear Wave 

Velocity through Empirical Relationship, Journal of 

Structural Engineering and Geotechnics, 2(1): 29-41.  

Oshnaviyeh D, Dabiri R. (2017). Comparison of Standard 

Penetration Test (SPT) and Shear Wave Velocity (Vs) 

method in determining risk of liquefaction potential 

along Tabriz Metro Line 2, Journal of Engineering 

Geology, Kharazmi University (in Persian), in 

publication. 

Pedrami M. (1981). Pasadenian orogeny and geology of 

last 700000 years of Iran. Geological Survey of Iran, 

Tehran, Iran (in Persian). 

Pyke R, Seed HB, Chan CK. (1975). Settlement of sands 

under multidirectional shaking, Journal of 

Geotechnical Engineering, ASCE 101 (4): 379 -398. 

Rieben EH. (1955). The geology of the Tehran plain. 

American Journal of Science, 253:617–639. 

Robertson, PK, Wride, CE. (1998). Evaluation Cyclic 

Liquefaction Potential using the Cone Penetration Test, 

Canadian Geotechnical Journal, 35(3): 442-460.   

Shamato Y, Zhang J, Sato M. (1998). Method for 

Evaluating Residual Post Liquefaction Ground 

Settlement and Horizontal Displacement, Journal of 

Soils and Foundations, Special Issue 2: 69-83. 

Shafiee A, Kamalian M, Kazem Jafari M. (2011). Ground 

Motion studies for microzonation in Iran, Natural 

Hazards, 59: 481-505. 

Seed HB, Idriss IM. (1971). Simplified procedure for 

evaluating soil liquefaction potential, Journal of Soil 

Mechanics and Foundation Division, ASCE 97 

(SM9):1249-1273. 

Seed HB., Idriss IM, Arango I. (1983). Evaluation of 

Liquefaction Potential Using Field Performance Data, 

Journal of Geotechnical Engineering, ASCE, 109(3): 

458-482. 

Silver ML, Seed HB. (1971). Volume changes in sands 

during cyclic load, Journal of Soil Mechanics and 

Foundation Division, ASCE 97 (SM9): 1171-1182. 

Skempton AK. (1986). Standard Penetration Test 

Procedures and the Effects in Sands of Overburden 

Pressure, Relative Density, Particle Size, Aging and 



To cite this paper: Nouhi Oskoui R, Dabiri R, and Amelsakhi M. (2017). Evaluation of Settlement in Soil Layers due to Liquefaction in Alluviums in South Eastern of Tehran. J. 

Civil Eng. Urban., 7 (5): 70-79. www.ojceu.ir 
79 

over consolidation, Journal of Geotechnique, 36 (3): 

425-447. 

Tatsuoka F, Sasaki T, Yamada S. (1982). Settlement in 

Saturated Sand Induced by Cyclic Undrained Simple 

Shear, Proc. 8
th

 World Conference on Earthquake 

Engineering, Sanfrancisco, 3: 255-262. 

Tokimatsu K, Seed HB. (1987). Evaluation of Settlements 

in Sand Due to Earthquake Shaking, Journal of 

Geotechnical Engineering Division, ASCE 113 (8): 

861-878.  

Wu J, Seed RB. (2004). Estimation of  Liquefaction-

Induced Ground Settlement(case studies), Proc. 5
th
 

International Conference on Case Histories in 

Geotechnical Engineering, Paper No.309, New York, 

New York. 

 

 

 

 

 


	ABSTRACT
	Key words:
	INTRODUCTION
	Liquefaction and settlement 
	Geology and general conditions in study area  
	Figure 1. Geology map of Study Area (Jafari et al. 2001) 
	Table 1. Characteristics of different units in Tehran Plain 
	Assessment of liquefaction 
	Figure 2. Variation of ground water table level in study area 
	Figure 3.The study area and PGA distribution throughout Tehran for an earthquake corresponding to 475 year return period 
	Figure 4. Variations of stress reduction coefficient with depth and earthquake magnitudes
	Figure 5. Liquefaction resistance curve for the earthquakes of 7.5 magnitudes 
	Figure 6. Variations of K values versus effective overburden stress
	Table 2. Correction factor of SPT
	Liquefaction potential index (lpi) 
	Table 3. Liquefaction potential index (LPI) and its describes
	Evaluation of settlements due to liquefaction 
	Figure 7. Correlation between volumetric strain and shear strain for Mw=7.5 based on relative density
	 Figure 8. Evaluation of volumetric strain in saturated sand based on CSR and (N1) values, Mw=7.5 

	RESULTS  
	Figure 9. Variations of NSPT versus depth in study area 
	Figure 10. Variations of safety factors in soil layers versus depth based on Idriss-Boulanger method in study area. 
	Figure 11. Values of LPI in boreholes in study area 
	Table 4. Values of LPI in boreholes in south and south east of Tehran 
	Figure 12. Comparison of total settlements with LPI in boreholes at study area 
	Table 5. Comparison of boundary values of total settlements with LPI in boreholes 
	Figure 13. Effect of relative density on volumetric strain in saturate soil layer.  
	Figure 14. Effect of maximum shear strain on volumetric strain in saturate soil layer.  
	Figure 15. Variations of volumetric strain versus maximum shear strain in dry soil layers based relative density a: 40% < Dr < 70

	CONCLUSION AND DISCUSSION  
	DECLARATIONS  
	Author’s contributions  
	Competing interests  

	REFERENCES

