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ABSTRACT 
The SPT is considered one of the most common in-situ tests to evaluate the strength of coarse 
grained soil. In this study, it is tried to answer the question that, whether is possible to 
estimate undrained shear strength (Su) of fine-grained soil from N(SPT) .To fulfil this objective, 
the ability of SPT to estimate Su of fine-grained soil in the southern as well as  eastern of 
Tehran (Iran) using the multi linear regression analysis from SPSS software has been 
(evaluated) used for the study. Results have shown that considering other parameters such as 
natural water  content (wn), liquid limit   (LL) and  plasticity index (PI), to establish correlations 
in addition to N(SPT), increases the correlation coefficient for estimation and also decreases the 
estimation error. Relationships are developed based on N and N60. Comparison between 
current proposed correlations and previous proposed correlations has shown that for fine-
grained soil of the mentioned locations in Tehran, current proposed correlations have more 
carefully compared to previous correlations. (Standard Deviation = 0.28 for current 
correlations and Standard Deviation = 0.35, 0.48, 0.56 for previous correlations). 

KEYWORDS: Undrained shear strength, Standard penetration test, Correlation, Fine-
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INTRODUCTION 
According to the unavailability of equipment and also financial and time limitations in a 

 project, in many cases various types of relationships may be needed to estimate the geotechnical 
parameters from  the  values that are extracted from the in-situ tests . One of these important 
parameters is  undrained shear strength that known with Su or Cu. Su could be estimated from the 
in-situ tests  such as pocket penetrometer, cone penetration test (CPT), standard penetration test 
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(SPT) and  vane shear test (VST). The SPT was introduced in the USA in 1902 by the Raymond 
Pile  Company.  The earliest reference to a SPT procedure is in a paper by Terzaghi in 1947.   The 
test was not standardized in the USA  until 1958.  It is currently covered by ASTM  D1586-99, 
and by many other standards around  the world (Robertson 2006). SPT is one of  the simplest, 
cheapest and most widely used tests that is used in many geotechnical projects  in worldwide.  

SPT uses for calculating static and dynamic properties of coarse-grained soils such as  the 
internal friction angle (ϕ′), relative density (Dr), and bearing capacity and settlement,  shear wave 
velocity (vs) of soils, liquefaction potential. Even though the SPT was originally  developed for 
coarse-grained soils, it has been applied to fine-grained soils to estimate  engineering properties 
such as undrained compressive strength (qu), undrained shear  strength (Su), and coefficient of 
volume compressibility (mv). However, its applicability for  fine-grained soils is still argued 
(Sirvikaya & Toğrol 2009).  

 SPT is carried out in a borehole, by driving a standard (split spoon)   sampler using repeated 
blows of a 63.5kg (140 lb.) hammer falling through 762mm (30  in.). The hammer is operated at 
the top of the borehole, and is connected to the split spoon by  rods.  The split spoon is lowered to 
the   bottom of the hole, and  is then driven a distance of 450mm (18 in.), and the blows are 
counted, normally for  each 76mm (3 in.) of penetration . The penetration resistance (N) is the 
number of blows  required to drive the split spoon for the last 300mm (1 ft) of penetration 
(Clayton 95).  Su can be determined by both unconfined compressive strength test (UCS) and 
unconsolidated  undrained test (UU) in laboratory. UCS is using for determine unconfined 
 compressive strength (qu) and with full saturation of sample, Su can be obtained from the Eq. 1 
(Hara et al, 1974):  

Su = 0.5 qu         (1) 

Previous Correlations 

First study to determine the relationship between qu-N(SPT) was done by  Terzaghi & Peck 
(1967). Their study was done on a variety of fine- grained soils  that only examined qu and N(SPT) 
which did not  considered other parameters. Table 1 shows a summary of their study.  After 
Terzaghi and Peck (1967) many studies were done in this field. Sanglerat (1972) was the first 
researcher that presented qu-N(SPT) correlation according to  the type of fine-grained soils, scilicet 
by considering plasticity index of  clay soils, and thus he divided soils into two categories of clay 
and silty clay. Stroud   (1974) examined the different relationships and used the shear strengths 
that were  obtained from UU  test and his correlations was expressed that in PI (plasticity index)  < 
30%  , Su decrease with increasing PI in a constant N value. But then results of Sowers (1979) 
were shown that Su  increases with increasing in plasticity index. 

Table 1: Correlation between qu-N(SPT) (Terzaghi & peck 1967) 
qu (kPa)   SPT-N Consistency  

< 25  < 2  Very soft  
25 - 50  2- 4 Soft  
50 - 100  4 - 8  Medium  

100 - 200  8 - 15  Stiff  
200 - 400  15 - 30  Very stiff  

> 400  > 30  Hard  
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Sirvikaya & Toğrol (2002) made a wider study on different fine-grained soils using results  of 
UCS experiment and presented a new correlation.  Hettiarachchi & Brown (2009) assumed SPT 
sampler as an open-end pile and presented a correlation using energy balance method based on 
N60 (N60 is blow count corrected to 60% of the theoretical free-fall hammer energy). 

 Other researchers  (Dé court, 1990,  Nixon, 1982,  Ajayi & Balogum, 1988)  tried to determine 
the correlation between Su-N(SPT). A  summary of the hitherto presented correlations is provided 
in Table 2.  According to variety of previous correlations and differences between them, this 
research  will investigate capability of SPT to estimate undrained shear strength of south and east 
 of Tehran's fine-grained soils.  

Table 2: Previous correlation between Su-N(SPT) 
Su(kPa) Explanation Researchers 
12.5N 
10N 

Clay 
Silty clay 

Sanglerat (1972) 
 

6.25N Fine-grained soil Terzaghi & Peck (1967) 
29N0.72 Fine-grained soil Hara et al. (1974) 
12.5N 
7.5N 

3.75N 

Highly plastic soil 
Medium plastic clay 

Low plastic soil 

Sowers (1979) 
 
 

12N Clay Nixon (1982) 
4.85Nfield

   
 

6.82N60
  

Highly plastic soil Sivrikaya & Toğrol (2002) 
 
 
 
 
 

3.35Nfield 
4.93N60  

Low plastic soil 

4.32Nfield
  

6.18N60  
Fine-grained soil  

(6-7)N 
(4-5)N 
4.2N 

PI<20 
20<PI<30 

PI>30 

Stroud (1974) 
 
 

12.5N 
15N60 

Clay 
 

Décourt (1990) 
 

1.39N+74.2 Fine-grained soilAjayi & Balogun (1988) 
4.1N60 Fine-grained soil Hettiarachchi & Brown (2009)  

Su= 3.33N – 0.75wn+ 0.20LL + 1.67PI 
Su = 4.43N60 – 1.29wn + 1.06LL + 1.02PI 
Su = 2.41N – 0.82wn + 0.14LL + 1.44PI 
Su = 3.24N60 – 0.53wn – 0.43LL + 2.14PI 

UU Test 
UU Test 

UCS Test 
UCS Test 

Sirvikaya (2009) 

 

DATA COLLECTION 

The Database 

To estimate the correlations needed N (SPT) and Laboratory Su, plasticity index (PI), 
 sampling depths, boreholes diameter, drilling  methods and other geotechnical properties of study 
area soil. The data were collected from geotechnical investigations of Payadezh Consulting 
 Engineers Co. (located in Tehran)  in several points in soils of the southern as well as in the 
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eastern parts of Tehran . The soils available in the south and east of  Tehran are usually fine-
grained soils with low plasticity. Su for the obtained soil had been determined in  the laboratory 
using UCS test.  

Number and Location of Boreholes 

 19 motorized boreholes in four areas of Tehran were studied. These boreholes were  located in 
districts 3, 17, 19 based on the central city hall city divisions. These boreholes had been drilled 
for geotechnical  investigations on two building projects (Nosazan and Kazemi projects), one 
 highway interchange project (Tondgooyan highway with Misagh st.) and one several floor 
parking  project (Azari project). Boreholes were drilled using rotary method. The depths drilled 
 were from 20 to 45 meter. Fig. 1 shows location of boreholes on  Tehran map.  
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Figure 1: Study area and location of boreholes        

 

Correcting SPT Blow Counts to N60 Values 

SPT is not completely standardized considering all the factors affecting it . N obtained from 
 the SPT can be converted to N60. N60 is the number of blows that are required penetration with 60 
percent of energy to falling hammer. N60 is calculated using Eq. 2. (McGregor and Duncan 1998):  

 N60 = (CE CR CB CS CBF CC CA) N Feild  (2) 
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where CE: Energy correction factor, CR: Rod  length correction factor, CB: Borehole diameter 
correction factor, CS: Linear correction  factor, CBF: Blow count frequency correction factor, Cc: 
Hammer cushion factor, CA: Anvil correction factor 

  Geotechnical Properties of Collected Soils 

From examining boreholes and laboratory data, there were  72 obtained data. Also, in  this 
study due  to the possibility of relatively high error of obtained SPT in higher depths (because of 
buckling the drilling  rods resulting extreme loss of energy) only data until 25 meter depths were 
obtained.   properties of the soil are presented in Table 3.   

 

Table 3 : Geotechnical properties of studied soil of Tehran 
 

 

 

 

 

 

 

RESULTS AND DISCUSSION  

Proposed correlations for Su–N(SPT) 

Examining the data, indicates that for PI > 20%, there may be a large error occurring, and 
also a few number of samples with PI > 20% (according to specific  features of region  soils) were 
obtained at the sites, this study was limited to samples with PI ≤ 20%. Therefore the number of 
data obtained decreased to 60.   SPT capability to estimate undrained  shear strength of fine- grained 
soils for the mentioned sites was investigated in two phases. In the first phase, only N (SPT) 
considered as independent parameter, but in the second phase the parameters of natural water 
 content (wn), liquid limit   (LL) and  plasticity index (PI) considered as independent  effective 
parameters, in addition to N (SPT).  

The  correlations were developed using simple linear regression (for first phase) and multi 
linear  regression (for second phase)  analysis from SPSS software for  existing data. Linear 
regression analysis is trying  to establish linear correlations between dependent and independent 
parameters using the least  square method. Eq. 3, and Eq. 4 present proposed  correlations  for Su in 
first phase (in terms of Nfield and N60, respectively) and Eq. 5, and Eq. 6 indicate  correlations  for Su 
in second phase (in terms of Nfield and N60, respectively). 

 Su = 1.6 Nfield + 15.4, (r = 0.72)   (3) 

Properties MIN. MAX. AVE. S.D 
Plasticity limit (PL) 12 31 20.58 3.82 

Liquid limit (LL) 23 57 35.05 7.93 
Plasticity Index (PI)  5 28.5 14.46 6.22 

Liquid index (LI) -1 0.85 .013 .34 
Natural water content (wn) 9.8 29 20.9 3.52 

Number of SPT (N) 4 46 24.02 9.31 
N60 2.4 36.8 18.01 7.43 

Undrained shear strength (Su) 18 104 56 20.73 
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 Su = 2.1 N60 + 17.6, (r = 0.73)  (4) 

 Su = 1.5 Nfield – 0.1 wn – 0.9 LL + 2.4 PI + 21.1, (r = 0.8)  (5) 

 Su = 2 N60 – 0.4 wn – 1.1 LL + 2.4 PI + 33.3, (r = 0.81)  (6) 

where PI ≤ 20. 

With regression analysis of data revealed that relationships in the second phase have better 
 correlation than first phase. (first phase: r = 0.72 and r = 0.73 for correlations based on Nfield and 
N60 respectively, second phase: r = 0.8 and r = 0.81 for correlations based on  Nfield and N60 
respectively that r is correlation coefficient).  

 

Comparison 

To evaluate the capabilities of present proposed correlations, predicted Su values were plotted 
 versus measured Su values  and compared with previous studies. Correlations developed by 
Sirvikaya (2009), Hettiarachchi and Brown (2009), Swers (1979) were selected for comparison. 
For statistical evaluation of correlations were used from statistical data of Mean and SD which 
are average and standard deviation of ratio of measured Su to predicted Su, respectively. Fig. 2 
shows measured versus predicted Su for present and previous proposed correlations . 

Comparison results indicated that fairly estimate have been provided by present proposed 
correlations (SD = 0.28 and Mean = 1.07 based on Nfield, SD = 0.28 and Mean = 1.05 based on 
N60). After present correlations, the correlations developed by Sirvikaya (2009) had best estimate 
and the lowest error. (SD = 0.35 and Mean = 1.2 based on Nfield, SD = 0.35 and Mean = 1.1 based 
on N60) 
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Figure 2: Measured vs. predicted Su by different correlations 
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CONCLUSIONS 
This study that is based on geotechnical  data obtained from different locations in the southern 

as well as eastern parts of Tehran examined the SPT ability to predict undrained shear strength of 
fine-grained soil with low plasticity. Initial results showed that considering other parameters such 
as impact parameters, in addition to N(SPT),   increase the correlation coefficient of estimation. 
Also, by comparison of predicted Su vs. measured Su values indicate that for fine-grained soil used 
in the study, present correlations have better performance than previous correlations. Compared 
to previous correlations, correlations presented by Sirvikaya (2009) had the best conformity with 
present proposed correlations but correlation presented by Swers (1979) had relatively larg 
differences. These differences could have been caused by soil physical as well as mechanical 
properties of each region. Therefore, for different regions, it is recommended the specific 
relationship regarding that particular area to be used when predicting values for Su. These 
relationships cannot be considered as a perfect substitute for laboratory values and their use 
requires experience and high certitude of engineering judgments as well as continuous controlling 
with obtained laboratory experiments. 
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