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Abstract— Aim of this project is to analyze the liquefaction 

susceptibility on selected sites. The selected sites of specific 

data related to Standard Penetration Tests data are collected 

for determination of liquefaction susceptibility of these sites. 

Liquefaction, which can be defined as a loss of strength and 

stiffness in soils, is one of the major causes of damage to 

buildings and infrastructure during an earthquake. To 

overcome a lack of comprehensive analyses of seismically 

induced liquefaction. The characteristics of liquefaction and 

its related damage to soils and foundations during 

earthquakes or settlements of structures. By using the 

research paper of Seed and Idriss in 1971 and then updated 

and refined by Youd and Idriss in1997, Youd et.al. In 2001 

and Ray Seed in 2003 all this paper are ASCE and other 

researcher and calculated on Microsoft excel. Finally we can 

analyses the liquefied zones of sites with the help above 

research paper. 
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I. INTRODUCTION 

The phenomenon where a saturated soil substantially loses 

strength and stiffness in response to an applied stress usually 

earthquake shaking or other sudden change in stress 

condition, causing it to behave like liquid is called as Soil 

Liquefaction (Hazen,1918) . When the shear strength of silt 

gets near or equal or less than zero the liquefaction occur. 

Liquefaction is process in which the solids behave like fluid. 

It occurs both naturally and artificially. 

 Increases in pore water pressure during undrained 

shearing causes a reduction in effective stress which in turn 

reduces the shear strength. Pore pressure is often released 

through sand or water boils. Soil behaves more like a viscous 

fluid. Liquefaction is the phenomena when there is loss of 

strength in saturated and cohesion less soils because of 

increased pore water pressures and hence reduced effective 

stresses due to dynamic loading. It is a phenomenon in which 

the strength and stiffness of a soil is reduced by earthquake 

shaking or other rapid loading. Although earthquakes often 

triggers this increase in pore water pressure, but activities 

such as blasting can also cause an increase in pore water 

pressure. When liquefaction occurs, the strength of the soil 

decreases and the ability of a soil deposit to support the 

construction above it. Soil liquefaction can also exert higher 

pressure on retaining walls, which can cause them to slide or 

tilt. This movement can cause destruction of structures on the 

ground surface and settlement of the retained soil.  

II. OBJECTIVES OF PRESENT STUDY 

The present study, soil liquefaction analysis is carried out in 

Places near CBD Belapur, Navi Mumbai using Standard 

penetration test borehole data collected from these sites. 

Using semi empirical equations developed by Idriss finding 

factor of safety. Factor of safety can be determined from the 

cyclic stress ratio and cyclic resistance ratio. 

III. AREA STUDY 

CBD (Central Business District) Belapur is an important 

business district in Navi Mumbai. It has been developed in a 

planned manner as per the city planning of Greater Mumbai. 

Some of the key area catering to residential demand in 

neighborhood includes Swami Vivekanand Nagar, Sabhaji 

Nagar, and Belapur Village. 

IV. EVALUATION OF LIQUEFACTION SUSCEPTIBILITY 

During cyclic undrained loading, like those imposed by 

earthquake shaking, almost all saturated cohesion less soils 

nares subjected to significant pore pressure build-up. If there 

is shear stress reversal, the effective stress state can drop 

rapidly to zero. When a soil element reaches the condition of 

essentially zero effective stress, the soil has very little 

stiffness and large deformations. This phenomenon is 

generally referred to as liquefaction Semi-empirical 

procedures for evaluating liquefaction potential of cohesion 

less soils during earthquakes basically consist of analytical 

approaches to explain experimental findings of past case 

histories, and the development of a suitable in-situ index to 

represent soil liquefaction characteristics. 

 Liquefaction occurs when the structure of loose, 

saturated sand breaks down due to a rapidly applied load. As 

the structure breaks down, the loosely packed individual soil 

particles attempt to move into a denser configuration. In an 

earthquake, however, there is not enough time for the water 

in the pores of the soil to leak. Instead the water is trapped 

and prevents the soil particles from coming into contact with 

each another. This is accompanied by an increase in soil water 

pressure, which reduces the contact forces between the 

individual soil particles, thereby softening and weakening the 

soil deposit, (University of Washington 2000). Many research 

attempts have been done to analyze the liquefaction 

phenomenon qualitatively and quantitatively. Several 

researchers attempted to investigate possible remedies to the 

different aspects of the liquefaction problem. This paper 

attempts to present some of these efforts and propose other 

types of investigations and ideas. 

V. METHODS OF REDUCING LIQUEFACTION HAZARDS 

By Avoiding Liquefaction Susceptible Soils. 

 Build Liquefaction Resistant Structures. 

 Improve the Soil 

 Construction on liquefaction susceptible soils is to be 

avoided. 
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 The soil at a particular building site according to the 

various criteria’s available to determine the liquefaction 

potential of the soil in a site 

 The structure constructed should be liquefaction resistant 

 The mitigation of the liquefaction hazards by improving 

the strength, density and drainage characteristics of the 

soil. 

VI. GROUND FAILURE RESULTING FROM SOIL LIQUEFACTION 

According to NRC (THE LIQUEFACTION in 1985) listed 8 

types of ground failure commonly associated with 

Liquefaction Susceptibility in earthquake. Failure of 

retaining walls due to increased lateral loads from liquefied 

backfill or loss of support from the liquefied foundation soils. 

Ground settlement, generally linked with some other failure 

mechanism. Buoyant rise of buried structures such as tanks. 

Sand boils resulting in land subsidence accompanied by a 

relatively minor change. Loss of bearing capacity resulting in 

foundation failures. Ground oscillation involving back and 

forth displacements of intact blocks of surface soil. Lateral 

spreads resulting from the lateral movements of gently 

sloping ground. 

VII. ASSESSMENT OF LIQUEFACTION POTENTIAL 

In this analyses SPT (Standard Penetration test) (Feld test) 

has been used and the other method that can help to analysis 

the susceptibility of soil is CPT (Cone Penetration Test). Soil 

susceptibility is based on primly soil property such as fine 

content, density, degree of saturation and SPT N60 value of 

the bore. 

 Soil is susceptible to liquefaction when 1.) Sand 

layer present at depth less than 20m. 2.) Present or future 

water table depth less than 10m. 3.) SPT filed N counts less 

than 20. 4) clayey sand with <10% of clay content and liquid 

limit is<32. To know if the soil is liquefaction susceptible, the 

N values obtain by SPT should be corrected by using 

correction such as 1) fines content (Cfines). 2) Overburden 

correction factor (CN). 3) Borehole diameter correction factor 

(CB). 4) Rod length correction factor (CR). 5) Correction 

factor for samplers with or without liners (CS). 6) Stress 

Reduction Factor (Cs). 7) Hammer Energy (CE). 8) Corrected 

N value that is (N60) is obtained by using following formula:-  

(N)60= N*CFines*CN*CE*CB*CR*CS 

 Factored of safety against liquefaction of soil is 

calculated based on simplified procedure od Seed and Idriss, 

Youd et al and Cetin et al considering for evaluation. 

 In this method, the CSS (Cyclic Shear Stress) is 

considered as earthquake induced load and this is compared 

with liquefaction resistance of soil. The two main variables 

which help to evaluate the factor of safety (FOS) are CSR and 

CRR (Cyclic Resistance ratio). 

A. CSR (Cyclic Resistance ratio):- 

CSR is a seismic demand on a soil layer. Using the equation 

formulated by Seed and Idriss (1971) 

CSR= ( τ
av 

/σ’
vo 

) =0.65 (a
max

/g) (σ
v0

/σ’
v0

) r
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 Where, amax is peak horizontal acceleration at the 

ground surface generated by the earthquake, g is acceleration 

due to gravity, σv0 is total vertical overburden stress, σ’v0 is 

effective vertical overburden stress at that depth, rd is stress 

reduction co-efficient (flexibility of the soil) and τav = average 

shear stress is developed .CSR is unit less. As the present 

working bore hole is less than 34 meter the stress reduction 

factored is calculated as:- 

Ln(rd)=α(z)+β(z)M 

α (z)= -1.012-1.126 sin(z/11.73 +5.133) 

β (z)= 0.106 +0.118sin(z/11.28 +5.142) 

 These equations given above were considered for 

z<=34 m. for z >34 m the equation to be used is:  

rd= 0.12exp(0.22M) 

 Where; z is the depth and M is magnitude of 

earthquake. The value of CSR that pretends to the equivalent 

shear stress induced by an earthquake having moment 

magnitude Mw are corrected through Magnitude Shear Factor 

(MSF).The  equivalent uniform shear stress induce by 

earthquake having the moment magnitude MW= 7.5 therefore 

(CSR)Mw =7.5 

 The magnitude scaling factor (MSF), has been used 

to adjust the induced CSR during earthquake magnitude M to 

an equivalent CSR for an earthquake magnitude, M = 7½. The 

MSF is thus defined as:  

MSF=CSRM/CSRM-7.5 

 The values of MSF are calculated by combining 

correlations of the number of equivalent uniform cycles 

versus earthquake magnitude and the laboratory based 

relations between the cyclic stress ratio required to cause 

liquefaction and the number of uniform stress cycles. 

 Idriss (1999) re-evaluated the MSF derivation using 

results of cyclic tests on high quality samples obtained by 

frozen sampling techniques. The re-evaluated relation was 

slightly different from the simplified procedure (Seed et al 

1975). 

The MSF relation produced by this reevaluation is given by:   

MSF= 6.9 exp (-Mw) – 0.058 

Where, Mw is magnitude of earthquake. 

As the liquefaction resistance increases with increase in 

confining stress a correction factor Kσ is added to each value 

of CSR corresponding to equivalent overburden pressure (σv) 

of 1atm  

(CSR)Mw=7.5;σ=1={(σvamax)/(σvg)}[rd/(MSF*Kσ)] 

In which; 

Kσ= 1- Cσ In (σ’
v/ Pa) ≤ 1.0 

Cσ= 1/ [18.9-2.55√ [(N1)60] ≤ 0.3 

Where the (N1)60 is corrected SPT-N value with limited to 

maximum value 32, and the Pa is atmospheric pressure that is 

100 kPa  

VIII. CYCLIC RESISTANCE RATIO (CRR):- 

For the CRR value, at first the SPT penetration resistance was 

adjusted by Boulanger and Idriss 

 (2004) to an equivalent clean sand value:- 

CRR= exp[{(N1)60cs/14.1} + {(N1)60cs/126}2 – 

{(N1)60cs/23.6}3 + {(N1)60cs/25.4}4 – 2.8] 

(N1)60cs = (N1)60 + ∆(N1)60 

The correction for fine content present in soil in percentage 

(FC)20 is denoted as ∆(N1)60 and is given as:- 

∆(N1)60 = exp {1.63 [9.7/(FC-0.1)] – [15.7/(FC-0.1)]2} 

So finally the liquefaction potential can be calculated in terms 

of factor of safety so allows some factor of safety against 
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liquefaction FOS to be calculated for a soil stratum at a given 

depth:- 

FOS = CRR / CSRM=7.5;σ=1 

If the FOS is less than 1 then the soil is liquefied at that depth 

and if it’s greater than 1 then it is safe against liquefaction.  

IX. LIQUEFACTION SUSCEPTIBILITY  

The following three tables’ gives the calculation for the 

values of CSR and CRR, followed by the assessment of 

liquefaction potential from these values found out. 

A. Data:- 

 DEPTH TO GROUNDWATER - DURING DRILLING 

= 10.00 FT. (Below Boring Ground Surface)  

 PEAK HORIZ. GROUND SURFACE 

ACCELERATION COEFFICIENT (As) = 0.152  

 EARTHQUAKE MOMENT MAGNITUDE = 4.8 

  

 FINISHED GRADE FILL OR CUT FROM BORING 

SURFACE =10.00 FT.  (Fill Height) 

 HAMMER EFFICIENCY =73 % 

 BOREHOLE DIAMETER = 8IN.  

 SAMPLING METHOD = Sampler w/out Liners 

EQ MAGNITUDE SCALING FACTOR 

(MSF)=2.701 

AVG. SHEAR WAVE VELOCITY (top 40') 

V*
s,40' = 80 FT./SEC. 

PGA CALCULATOR 

Earthquake Moment Magnitude = 4.8 

Source-To-Site Distance, R (km) = 12.1 

Ground Motion Prediction Equations= NMSZ 

PGA= 0.152 

 

BORING DATA 

BORING 

SAMPLE 

DEPTH (FT.) 

SPT N 

VALUE 

(BLOWS) 

UNCONF.COMP

R.  

STR., Qu (TSF.) 

% FINES< 

#200 

(%)(FC) 

PLAST. 

INDEX 

PI 

LIQUID 

LIMIT 

LL 

MOIST. 

CONTENT 

wc(%) 

2.5 25 2.1 55    

5 30  49    

7.5 32  42    

10 29  42    

12.5 20      

15 29      

17.5 27      

20 26      

22.5 19 2.5 25 13 36 30 

25 26      

27.5 29      

30 25      

32.5 29      

35 30      

37.5 35      

40 37      

42.5 34      

45 35      

Table 1: 

SPT Correction Factors 

CN CE CB CR CS 

1.6257 1.2167 1.15 0.75 1.3 

1.4591 1.2167 1.15 0.75 1.3 

1.3226 1.2167 1.15 0.7548752 1.3 

1.2102 1.2167 1.15 0.8149791 1.3 

1.1598 1.2167 1.15 0.8599396 1.232 

1.1107 1.2167 1.15 0.8930979 1.3 

1.0663 1.2167 1.15 0.9172265 1.2879 

1.0258 1.2167 1.15 0.9345941 1.2667 

0.9878 1.2167 1.15 0.9470269 1.1877 

0.953 1.2167 1.15 0.9559657 1.2478 

0.9196 1.2167 1.15 0.9625202 1.2667 

0.8894 1.2167 1.15 0.9675186 1.2223 

0.8603 1.2167 1.15 0.9715544 1.2495 

0.833 1.2167 1.15 0.9750288 1.2499 

0.8071 1.2167 1.15 0.9781899 1.2825 

0.7824 1.2167 1.15 0.9811677 1.2895 
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0.7594 1.2167 1.15 0.9840061 1.2582 

0.7378 1.2167 1.15 0.9866906 1.2582 

Table 2: 

CONDITIONS DURING DRILLING  

 

 

CONDITIONS DURING EARTHQUAKE 

EFFECTIVE CORR. 

SPT N 

VALUE 

(N1)60 

EQUIV. CLN. 

SAND SPT 

N VALUE 

(N1)60cs 

CRR 

RESIST. 

MAG 7.5 

CRR7.5 

EFFECTIVE TOTAL 

VERT. 

STRESS 

(KSF.) 

OVER- 

BURDEN 

CORR. FACT. 

(Ks) 

UNIT 

WT. 

(KCF.) 

VERT. 

STRESS 

(KSF.) 

UNIT 

WT. 

(KCF.) 

VERT. 

STRESS 

(KSF.) 

0.130 0.325 55.442 71.531 0.498 0.130 1.525 1.525 1.141 

0.131 0.653 59.714 76.657 0.539 0.131 1.853 1.853 1.055 

0.132 0.983 58.110 74.732 0.524 0.132 2.183 2.183 0.988 

0.131 1.310 52.024 67.429 0.465 0.131 2.510 2.510 0.935 

0.067 1.478 34.382 34.382 -2.367 0.129 2.833 2.833 0.895 

0.071 1.655 52.327 52.327 0.328 0.133 3.165 3.165 0.852 

0.070 1.830 47.585 47.585 0.274 0.070 3.340 3.434 0.834 

0.069 2.003 44.180 44.180 0.224 0.069 3.513 3.762 0.817 

0.070 2.178 29.537 37.222 -0.039 0.070 3.688 4.093 0.801 

0.069 2.350 41.354 41.354 0.166 0.069 3.860 4.422 0.787 

0.071 2.528 45.496 45.496 0.245 0.071 4.038 4.755 0.773 

0.069 2.700 36.793 36.793 -0.090 0.069 4.210 5.084 0.761 

0.071 2.878 42.374 42.374 0.190 0.071 4.388 5.417 0.748 

0.071 3.055 42.612 42.612 0.195 0.071 4.565 5.751 0.736 

0.072 3.235 49.581 49.581 0.298 0.072 4.745 6.087 0.725 

0.073 3.418 51.242 51.242 0.317 0.073 4.928 6.425 0.714 

0.072 3.598 44.728 44.728 0.233 0.072 5.108 6.761 0.703 

0.072 3.778 44.856 44.856 0.235 0.072 5.288 7.097 0.694 

Table 3:

   

CORR. 

RESIST. 

CRR7.5 

CRR 

SOIL MASS 

PART. 

FACTOR 

(rd) 

EQ 

INDUCED 

CSR 

FACTOR 

OF 

SAFETY * 

CRR/CSR 

1.536 0.992 0.098 N.L. (1) 

1.538 0.989 0.098 N.L. (1) 

1.399 0.985 0.097 N.L. (1) 

1.173 0.980 0.097 N.L. (1) 

-5.721 0.974 0.096 N.L. (1) 

0.755 0.966 0.095 N.L. (1) 

0.617 0.957 0.097 N.L. (3) 

0.495 0.945 0.100 N.L. (3) 

-0.085 0.931 0.102 N.L. (2) 

0.352 0.915 0.104 N.L. (3) 

0.512 0.897 0.104 N.L. (3) 

-0.185 0.877 0.105 N.L. (3) 

0.383 0.855 0.104 N.L. (3) 

0.387 0.832 0.104 N.L. (3) 

0.584 0.808 0.102 N.L. (3) 

0.611 0.786 0.101 N.L. (3) 

0.443 0.764 0.100 N.L. (3) 

0.441 0.745 0.099 N.L. (3) 

Table 4 

FACTOR OF SAFETY DESCRIPTIONS 

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND 

WATER ELEVATION 

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85 

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25 

B. Liquefaction analysis:  

FS > 1.00  

The above factor of safety is appropriate, only if the design 

assumptions are conservative; site specific, higher quality 

Data are used; and the calculation methods chosen are shown 

to be valid and appropriate for the facility. It should be noted, 

however, that historically, occasions of liquefaction induced 

instability have occurred when factors of safety using these 

methods and assumptions were calculated to be greater than 

1.00. Therefore, the use of a factor of safety against 

liquefaction higher than 1.00 may be warranted whenever: 

 A failure would have a catastrophic effect upon human 

health or the environment, 

 Uncertainty exists regarding the accuracy, consistency, 

or validity of data, and no  opportunity exists to conduct 

additional testing to improve or verify the quality of the 

data,  

 Large uncertainty exists about the effects that changes to 

the site conditions over time may have on the stability of 

the facility, and no engineered controls can be carried out 

that will significantly reduce the uncertainty.  

 Using a factor of safety less than 1.00 against 

liquefaction is not considered a sound engineering practice. 

This is because a factor of safety less than 1.00 indicates 

failure is likely to occur. Furthermore, performing a 

deformation analysis to quantify the risks and damage 

expected to the waste containment facility should liquefaction 

occur is not considered justification for using a factor of 

safety less than 1.00 against liquefaction. This is because the 

strains allowed by deformation analysis are likely to result in 

decreased performance and loss of integrity in the 

engineering components. Thus, any failure to the waste 

containment facility due to liquefaction is likely to be 

substantial and very likely to increase the potential for harm 
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to human health and the environment. If a facility has a factor 

of safety against liquefaction less than 1.00, mitigation of the 

liquefiable layers will be necessary, or another site not at risk 

of liquefaction will need to be used. 

X. CONCLUSION 

From the table01 we can explain that average maximum value 

is more than 20 blows at every interval of 2.5feet and as we 

know that if the N value is less than 20blows then, at that 

particular depth the soil can get liquefied and in our test 

maximum value is above 20 blows so it can’t get liquefied. 

 From table04 shows that none of the value of 

CRR/CER is lower than 1 that mean it again satisfied the 

condition in which, if the CRR/CSR is less than 1 then the 

soil is liquefied at that depth and if its greater than 1 then it is 

safe against liquefaction (in terms of cyclic shears stress)  

 For design of any geotechnical structure at any 

earthquake prone area is recommended as 1.3 only if the 

structure has any important other vise 1.1 can be good 

 From the above result it can be conclude that soil in 

that region can’t get liquefied or it don’t have potential to get 

liquefied with that particular earthquake magnitude. There is 

other factor such as the soil is cohesive type of soil that means 

it has some inter-molecular attraction against each other. 

 During SPT test the no. of blows count was not 

below 20 that means it didn’t satisfied the condition of 

liquefaction. During calculation the value of CRR/CSR is 

also equal and greater than 1, if that value might get less than 

1 then soil might get liquefied. Hence the soil can’t get 

liquefied and the soil base is safe again liquefaction. 

XI. FUTURE SCOPE OF PROJECT 

The test for Liquefaction will help to analysis whether the soil 

has the potential to get liquefied or not during earth quick 

condition and whether it is safe to constructor a structure on 

that particular land. This test should be done mainly before 

the construction, so that while designing the structure this 

factor can be considered. And if possible any soil stabilizing 

technics can be used to increase the stability of soil during 

earthquake. This test can be performed where hard strata are 

not available or the places where the large amount of 

backfilling are done or where the pile foundation is 

recommended.     
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