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ABSTRACT
Semi-empirical procedures for evaluating the liquefaction resistance of saturated sands based on N- SPT
test have been re-examined and revised for use in practice by many researchers. In this paper, after
presenting different Semi empirical methods based on N-SPT, liquefaction resistance of Babolsar sandy
soil considering its geotechnical characteristics was evaluated by each method, Also by considering main
parameters affecting on liquefaction resistance, different graphs based on CRR and significant parameters
have been drawn.
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1- INTRODUCTION
When the concept of critical N-value was first proposed by Koizumi (1966) and Kishida (1966) [1,2]
based on their observations of Niigata earthquake of 1964, the availability of data was the primary, if not
the only, justification for using the SPT results to express resistance of sands to liquefaction [3].
By assembling a vast quantity of cyclic triaxial test data obtained in Japan, Tatsuoka. et al. (1980)
established a correlation based on D50 and N values with vertical effective overburden pressure [4].
Field and laboratory observations have shown that the resistance to liquefaction tends to increase with
decreasing particle size [5]. A correlation including this effect was also proposed by Tatsuoka et al. (1980)
based on corrected blow count value (N) and content of fines in percent [4].
In an effort to identify localities of high liquefaction potential in the bay area of Tokyo, a comprehensive
program of undisturbed sampling by means of the Osterberg type sampler and by using a cyclic triaxial test
apparatus. The results of this investigation were summarized based on corrected blow count value and fines
content [6].
Youd et al. (2001) presented an updated SPT- based method that was recommended by about 20
participants of the NCEER (The National Center for Earthquake Engineering Research) (1997) workshop
for liquefaction potential evaluation. [7]
In this paper, after presenting different Semi empirical methods based on blow counts by standard
penetration tests, N-SPT, liquefaction resistance of Babolsar sandy soil considering its geotechnical
characteristics was evaluated by each method and then different graphs based on CRR and significant
parameters have been drawn.

2- SANDY SOIL SPECIFICATIONS
According to Geotechnical investigations conducted on samples of 16 boreholes drilled in the city, most of
them are sandy. In addition, water table is very close to surface in the region. Table (1) indicates
characteristics of the sandy materials of the region which is required for the evaluation of the soil cyclic
resistance ratio by different semi empirical methods.
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Table 1: characteristics of the sandy materials of the region
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3- CRR BASED ON EMPIRICAL METHODS
Using different methods presented by researchers based upon N-SPT and Geotechnical parameters
impacting on soil liquefaction resistance, cyclic resistance ratio of the sandy soil of the region has been
evaluated. There are three major characteristics in these methods impacting on the evaluation of
liquefaction resistance of sandy soils including normalized blow counts by standard penetration tests with
overburden (N1), mean particle size (D50), and percent of fine content of soil (FC).
By assembling a vast quantity of cyclic triaxial test data obtained in Japan, Tatsuoka. et al. (1980)
established a correlation as Eq (1) [4].
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where D50 is the mean particle diameter in millimeters, (  d ) 20 denotes the cyclic stress ratio required to

 0

cause initial liquefaction or 5% double amplitude strain in 20 cycles of shear stress application and N 1
means the N-value of SPT normalized to an effective overburden pressure of 1 kgf/cm2 and based on the
formula by Meyerhof (1957) [8] as Eq (2).
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where

 'V is the vertical effective overburden pressure in kgf/cm2.

While the 50 percent particle diameter, D50, is used in Eq. (1) to allow for the effect of particle size, the
amount of fines contained in sandy soils may also be used as an index parameter to account for the same
effect. A correlation including this effect was also proposed by Tatsuoka et al. (1980) as Eq.(3) [4].
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where C is the content of fines in percent passing the # 200 mesh and N1 , corrected blow count value of
standard penetration test, defined as Eq.(2).
In an effort to identify localities of high liquefaction potential in the bay area of Tokyo, a comprehensive
program of undisturbed sampling by means of the Osterberg type sampler and by using a cyclic triaxial test
apparatus. The results of this investigation were summarized by Ishihara (1979) based on Eq. (4) [5].
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where (  d ) 20 denotes the cyclic stress ratio in 20 cycles of shear stress application, C content of fines in

 0

percent and N1 is based on that proposed by Peck et al. (1974) as Eq.(5) [9].

N1  C N . N

(5)

C N  0.77 log10 ( 20 /  V )
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Where  'V is the vertical effective overburden pressure in KN/m2.
Youd et al. presented an updated SPT- based method that was recommended by about 20 participants of the
NCEER workshop for liquefaction potential evaluation [7].
Fig (1) is the flowchart showing the equations and procedures to calculate the cyclic resistance ratio at
earthquake moment magnitude of 7.5, CRR7.5, using the NCEER SPT-based method [7].

Figure 1: Flowchart for estimating the cyclic resistance ratio at earthquake magnitude of 7.5
using the NCEER SPT-based method
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4- EFFECT OF MAIN PARAMETERS ON LIQUEFACTION RESISTANCE
A number of factors influence liquefaction resistance of soil, including soil density, soil composition and
grain characteristics, in-situ stress condition, soil structure and age, and previous strain history. [10].
The most important parameters impacting on aforesaid factors will be enumerated and their effects on soil
liquefaction will be evaluated as follows:
4-1- EFFECT OF MEAN PARTICLE SIZE (D50) ON CRR
Lee and Fitton [11], showed a strong dependence of liquefaction potential on mean grain size of the soil.
As the mean grain size increases, the resistance to liquefaction also increases. As data by Wong et al [12],
when mean grain size increases from 0.1 to 30 mm, there is a 30% increase in cyclic strength to cause 2.5%
strain. As the mean grain diameter passes 0.2 mm, which is the typical silt size, an increase in cyclic
strength is observed.
Fig (2) depicts the effect of mean particle size (D 50) against cyclic resistance ratio of Babolsar sand
calculated by using different methods and data on sand of the region. As the figure shows, point
distribution dose not indicate an obvious trend. It is possible to attribute this issue to the narrow range of
mean grain size ( 0.121mm  D50  0.341mm ), 70% of which are about 0.2 mm that indicates the
uniformity of the sandy soil of the region. In most methods presented by different researchers, the impact of
mean grain size on liquefaction resistance of sandy soils is of a wider range.

Figure 2: Effect of mean particle size (D50) against cyclic resistance ratio of Babolsar sand
4-2- EFFECT OF FINE CONTENT ON CRR
In addition to D50, percentage of soil fine content (FC) is impacting on cyclic resistance and susceptibility
of soil to liquefaction. Field and laboratory observations have shown that liquefaction resistance tends to
increase with decrease in particle size. Therefore, cyclic stress ratio leading to liquefaction increases with
decrease in particle size for the same penetration resistance (N-SPT) [5].
The Presence of fines (passing #200 sieve), has substantial effect on cyclic undrained behavior of sands.
The difference in behavior between pure sand specimens and specimens prepared by adding 10% nonplastic silt is not significant. The effect is more pronounced when the silt content exceeds 10%.
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Fig (3) indicates the effect of soil fine content versus cyclic resistance ratio of Babolsar sand calculated by
using different methods and data on sand of the region. As the figure shows fine content distribution up to
10% does not indicate an obvious trend denoting to have an impact on the soil liquefaction resistance, but
exceeding 10% a certain trend announcing an increase in cyclic resistance ratio is observed. This trend has
been determined as curves for various methods of calculating soil liquefaction resistance and their
relationship gained from regression of exponential function has been presented.

Figure 3: Effect of soil fine content versus cyclic resistance ratio of Babolsar sand
4-3- EFFECT OF SPT NUMBER AND OVERBURDEN ON CRR
The quantity of N gained from Standard Penetration Test is used as a proper parameter to describe cyclic
resistance of sandy soils against liquefaction as well. Since, SPT is an insitu test reflecting the effects of
history of stress and strain, soil fabric, and horizontal effective stress. In addition, it contains compositional
effects of relative density and vertical stress, which all aforesaid factors are known to impacting on the
resistance of sands against liquefaction [13]. Relationships presented based on field and laboratory
observations by various researchers show that liquefaction resistance tends to increase with increase in
corrected SPT number (N1) with overburden. In most relationships offered by different researchers based
on SPT test, soil cyclic resistance has a direct relation with correction coefficient of overburden (CN) for
N-SPT, (eq 1&3). Also in relations of correction coefficient of overburden (CN), insitu overburden stress
has an inverse relation (  'V  1 / C N ,eq 2&5) with the coefficient, which indicates the decrease in
corrected N-SPT with increase in stress level. After calculating cyclic resistance ratios by using suggested
methods, it was observed that cyclic resistance of the soil has a powerful relation with the ratio of N-SPT to
square overburden vertical effective stress ( N /

 'V ). Fig (4) indicates the relation between cyclic

resistance ratio, N-SPT and square vertical overburden stress of sandy soil of the region.
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Figure 4: relation between cyclic resistance ratio, N-SPT and square of vertical overburden stress of sandy
soil of the region

5- CONCLUSION
Liquefaction resistance of sandy soil of Babolsar considering its geotechnical characteristics was evaluated
using different semi-empirical methods based upon N-SPT. different graphs based on CRR and considering
main parameters affecting on liquefaction resistance, such as N-SPT, overburden, mean grain size, and fine
content, have been drawn.
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