
CPT - DR - D50 correlations of sands for liquefaction 
potential analysis  

A Hakam, S  Warzuqni, BM Adji, Junaidi, IF Muharani and Mardhatillah 1  
1Civil Engineering, Engineering Faculty of Andalas University, Padang, Indonesia, e-mail: ahakam@civeng.unand.ac.id 

Abstract. Liquefaction assessment is the main stage in determining the potential liquefaction in a 
certain site. In order to assess the potential liquefaction, the values of physical and mechanical 
properties of the soil are very important. Two main parameters that are essentially needed to 
determine the liquefaction potential in a sand deposit; those are relative density and men particle 
size. In Indonesia, CPT is a testing method that is very practically famous and often conducted in 
the field. Assessment of Liquefaction Potential will be cheap and valuable by using the results of 
the CPT test. For this reason, this paper describes the results of conducted research to obtain the 
values of the relative density and mean particle size based on the outcomes of the CPT test: those 
are cone resistance (qc) and friction ration (Rf). The relationship between qc-Rf and Dr-D50 is 
accelerated by conducting a series of tests on soil samples with variations in the value of relative 
density and average particle size. The test results are plotted in a graph as well as in the terms of 
mathematical formulations to figure out for the relationship between CPT values and Dr-D50 in 
detail for sands. This research is very useful to assess the liquefaction potential in a particular area 
with very satisfying results 

1 Introduction 
The soil liquefaction potential analysis procedure 
using the complicated "simplified" method [1] based 
on a liquefaction potential factor, (PL) as well as a 
liquefaction resistance factor (FL) have been 
proposed in 1981 [2]. The procedure has introduced 
the factor FL and PL. Both factors are the 
liquefaction potential at a certain calculated depth 
and at the ground surface respectively. The PL value 
then is famous with the name of liquefaction 
potential index (LPI). That factor has been used by 
researchers in Korea, India and Bangladesh [3] [4] 
[5]. The LPI indicates the damage level at the 
ground surface at the site of interest. This value 
relates to the factors of safety for liquefaction 
potential at the deeper point underneath.  
The LPI was originally introduced for 20m of depth 
only with the formulation of: 

LPI = 
20

0

dz  W(z)F(z)     (1) 

where F(z) = 1 - FS with the minimum 0.0, W(z) 
= 10 - 1/2 z with the minimum 0.0, z and dz are the 
depth the incremental depth respectively.  

The modified formulation of severity level of 
LPI has also been recommended by the other 
researcher [Luna 1995] as: 

LPI = 


n

1
H  WF

i 
iii     (2) 

here n denotes the number of soil layers, Hi 
denotes the thickness of the soil layer, Wi weighting 
function and Fi is the liquefaction severity for layer 
i.  

The liquefaction severity assessed based on the 
liquefaction potential index (LPI) for several 
researcher is presented in Table 1. 

Table 1 The liquefaction severity - potential index 

LPI Iwasaki [2] Luna-Forest 
[6] 

Chung et al 
[7] 

0 Very Low Little to None None 
0-5 Low Minor Little to None 
5-15 High Moderate Moderate 
. 16 Very High Major Severe 

 
The typical illustrations of LPI in the field bas 

been shown based on field observations in the New 
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Zealand are presented in Fig. 1 [8]. Using the given 
images, the severity liquefaction can be clearly 
related to the liquefaction potential index (LPI) as 
shown in Fig. 1.  

 
Fig. 1 Bird-eye observed liquefaction [8] 

In this paper, the descriptions of liquefaction 
potential is focused on Field CPT test result base and 
the Correlations CPT (qc) to Dr and D50 of sands is 
presented. The correlation is developed by adopting 
result for past researcher's result from references.  

2 Cpt for liquefaction assessment  

The assessment of liquefaction potential is an 
important aspect for mapping the earthquake related 
hazard for certain area. The Niigata earthquake in 
1964 becomes the important history for liquefaction 
analysis method. After the Niigata earthquake, the 
simplified method [1] has been introduced and then 
widely used by many researchers. But this method 
needs continuously improvement. Thus the 
improved simplified method became more complex. 
The latest version of that method involves many 
parameters that rarely used in geotechnical 
engineering and not as simple as it was named at 
first [10] [11].  

The method also has been modified for assessing 
liquefaction potential based on Cone Penetration 
Test (CPT) results [12]. The CPT is very famous to 
be used in many countries, including Indonesia. The 
reasons are the CPT equipments are handy and not 
heavy. The CPT tools can be carried by at least 3 
persons in the field. The operation of CPT is also 
relatively easy. The short training for some hours 

only may be needed to operate the CPT test. Using 
CPT test result and its correlation to relative density 
and size of soil grain, the liquefaction potential 
assessment can be developed. 

The numerical cheaper of liquefaction potential 
in the soil layer can be done based on the mean grain 
size (D50) and its relative density (Dr) [13]. The 
liquefaction potential at certain depth in the soil 
layer may be determined by plotting those values 
(the relative density and the average grain size) in to 
the Fig. 2. The application of this method has been 
proven to many real cases in the fields and gave very 
good results [14].  

 

 

Fig. 2 Dr – D50 for liquefaction assessment 

Based on the authors' experience so far, the most 
popular direct in field tests used in Indonesia is Cone 
Penetration Test (CPT). Even recently the use of the 
Standard Penetration Test (SPT) also has been 
regularly introduced, specifically for heavy 
structures. The important parameters from Cone 
Penetration Test are cone tip resistance parameters 
(qc) and sleeve resistance (qs). However, the sleeve 
resistance usually is compared by the tip resistance 
in terms of friction ratio (Fr). The both tip resistance 
and friction ratio of CPT tests have been used to 
gain the other parameters for liquefaction analysis.  

Since CPT test does not produce relative density 
value. Then in order to develop a general method for 
using Dr and D50 liquefaction assessment, it need 
next step before liquefaction assessment can be 
done. The next step will be elaborated in the simple 
procedure in the next section to obtain the relative 
density estimation based on the correlation of those 
filed tests. It is also included an estimated mean of 
grain size procedure based on those filed tests' 
results. 
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3 CPT test correlation  

In order to gain the soil parameters for soil sample, it 
generally requires a series of laboratory tests that 
takes time and cost. Luckily the past engineers and 
researchers have done a number of precious works 
to obtain soil parameters from correlation soil 
parameter to the field test results. This approach is 
taken in this study to correlate soil parameters with 
based on the results of the most commonly used soil 
field investigation CPT. The correlation of CPT test 
results also has been proposed by many researcher 
as recently it is done [15]. 

3.1 Dr from CPT 

The earliest relative density, Dr correlation from 
CPT cone resistance, qc was proposed in 1975 [16]. 
The Dr - qc relationship then was updated and 
published in 1978 [17]. Those correlations are 
shown in Fig. 3. It has been well known that the qc 
is effected by sand density, in-situ effective stress 
and sand compressibility. Sand compressibility 
depends on grain size, grain shape and mineralogy. 
For the liquefaction potential analysis purpose, the 
relative density of the soil can be taken from the 
cone resistant correlation in the equation as follows 
[18]. The Dr-qc correlations has taken into account 
the effect of soil mass in terms of vertical effective 
stress, v'.  

The mathematical formulation of the relative 
density correlation also has been suggested as 
follows: 

Dr = C2(-1) ln Q/C0 (4) 

Where C0=15.7, C2=2.41 and Q=(qc/pa)/(v’/pa)-

0.5. with pa is reference pressure taken as 100kPa, in 

the same unit as qc and v’. 

The liquefaction assessment of sand deposit in 
Pasir Jambak due to Padang earthquake 2009 using 
that formula has been demonstrated [10]. It is found 
that this formulation is practically simple and gave 
good performance to estimate the liquefaction 
potential in sand deposits. 

 

 
Fig. 3 Relative density – qc relationships for sandy soil, 

reconstructed from [17] 
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Fig. 4  Relative density – qc relationships for near 
surface soil 
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The relative density, Dr and cone resistance, qc 
correlation is has been tested in laboratory as shown 
in Fig.4. That graph can be used for the Dr-qc 
correlations of near surface soil. 

3.2 D50 from CPT 

Even though it is widely used for soil investigation 
works in Indonesia, but CPT is rarely followed by 
drilling. Then the CPT test will not accompanied by 
soil sampling. Further the test of the grain size of the 
soil is not possible. But fortunately CPT also 
provides information on the sleeve resistance. The 
skin resistance compared to the tip resistance, qc is 
resulting in the value of Fr. 

Based on those values, the CPT test results then 
can be used to form soil profiling as well as soil 
type. In sands generally the sleeve resistance is 
generally lower than in clays. Then, the friction 
ratio, Fr consequently is lower in sands and higher in 
clays. The Fr value can not to provide exact 
estimation of grain size. The Fr can provide a 
prediction to the soil type together with its 
characteristic and behavior. 

In the past, many researchers had observed soil 
grain size using CPT. They concluded that in sandy 
soils have higher cone resistance, qc and lower 
friction ratio Fr. Thos values reverse for test in clay 
soils [19] [20]. Based on the CPT testes in the past, 
the D50 and Fr correlation is the built up as shown 
in Fig. 5 for the CPT data were taken from 
mechanical and electrical cones. The terms of Fr in 
the figure is changed to Rf. 

 

Fig. 5 Dr-Rf correlation [19] 

The best fit equation for the Dr-Rf correlation 
has been proposed by [19] for electrical and 
mechanical cone as: 

Rf=1.45-1.3 log(D50) for electrical cone (5) 

and, 

Rf=0.78-1.61 log(D50) for mechanical cone  (6) 

For better enstimation the value of D50 from Rf, the 
Eq. (5) and Eq. (6) may be turned into Eq. (7) and 
Eq. (8) as follows:  

D50= 3.056 e-1.4302 Rf for electrical cone  (7) 

and respectively, 

D50 = 3.0781 x e-(1.4327 . Rf ) for mechanical cone (8) 

The mean grain size, D50 and friction ratio, Rf 
correlation is has been tested in this study as shown 
in Fig.6. That graph can be used for the Dr-qc 
correlations of near surface soil. 
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Fig. 6 Dr-Rf correlation from laboratory tests 

If the SPT test is also conducted, the additional 
studies on soil grain size distribution had been 
conducted using SPT and CPT resistances [20] and 
[21]. The value of SPT data is presented in the terms 
of N60 values, The N60 value is corresponded to the 
energy ratio of about 60%. The studied had 
concluded that the qc-N ratio is strongly related to 
the soil grain size and expressed by the mean grain 
size (D50) as shown in Fig.7. The study results are 
very useful in practical works for both CPT and SPT 
type of soil investigation 
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Fig. 7 CPT-SPT correlation with D50 [21] 

4 Cpt based procdure development 
Based on the previous sections description, the 
procedure for liquefaction potential assessment of 
soil layers based on CPT can be developed. The 
CPT based assessment is then linked to the Dr-D50 
graph. The parameters obtained basically taken from 
the correlation of the CPT test results from field soil 
investigation. The Cone penetration test procedure 
can be made in the form of a flow chart as shown in 
Fig. 8. Unlikely to SPT testing, for CPT test 
procedure the soil samples from the soil layer must 
not be taken. It is not necessarily conducting sample 
test to determine the grain size of the soil. So the one 
of benefit of CPT procedure, it must not be 
companied by boring or sampling job to determine 
the soil grains. 

5 CONCLUSIONS 
In order to produce a liquefaction hazard map of a 
specific area, the assessment of liquefaction 
potential is very important and become the main 
step. Some liquefaction potential assessment 
methods have been proposed by researchers since 
the last century. Every method is developed based 
on the purposes and the completeness of available 
data. The modified method in here is based on soil 
relative density and mean grain size which are 
obtained from laboratory tests. 

In this paper a modified new method that is 
easier and technically cheaper is proposed. The 
method is developed based on cone penetration test, 
CPT. The method is a new procedure that is more 
practical to be applied for general soil investigation 
test results. This method is associated with soil 
parameters that are obtained from the available 
correlation from soil investigation test results that 
turned into the relative density and mean grain size 

of the soil layer. This new procedure is expected to 
be more applicable and reliable in making 
liquefaction hazard maps.  

The application of the purposed method has 
been done and the results in terms of liquefaction 
potential of Padang City area will be published soon. 

 

Stop 

Fig. 2 
Liquefaction (Y/N) 

 

Start 

in situ Cone 
Penetration Test 

qc qs = qt - qc 

Fiq. 5 

Dr 

Fr = qs / qc 

Fig. 6 

Eq. (4) 

D50 

 
Fig. 8 Dr-D50 Procedure for CPT test results 
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