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ABSTRACT

The internal friction angle of soils is determined through laboratory tests. This parameter can 
also be estimated with high accuracy by referencing field test results. This approach enables the 
required soil parameters for design purposes to be determined with greater ease and reduces 
reliance on individual interpretation. A variety of engineering structures are constructed on 
rich loess deposits, and these loess soils differ significantly from other soil types. In contrast to 
the extensive research conducted on the strength properties of other soils, the field-test-based 
research on estimating the strength properties of loess soils remains quite limited. This study 
aims to address the gap in the literature on loess soils and contribute to this area of research. 
For this, standard penetration tests were conducted on Central Asian loess soils, known to be 
among the world’s richest loess deposits. This study examined 86 samples exhibiting particle 
size distributions characteristic of loess soils. The samples were reconstituted in the laboratory 
to match their natural field water content and density, then subjected to direct shear box tests. 
Based on the resulting data, a correlation was proposed between standard penetration test 
blow counts and internal friction angles. The correlation coefficient R² = 0.732 indicates a 
moderately strong relationship. In addition, new equations were developed based on original 
data derived from loess soils and presented. These were then compared with the empirical 
relationships previously proposed for sandy soils, and the similarities and differences were in-
terpreted in detail. These results provide practical guidance for estimating the internal friction 
angle of loess soils, particularly in the early stages of design when field and laboratory data 
may be limited.
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INTRODUCTION

Loess soils have unique geotechnical properties that 
distinguish them from other soil types. Formed by wind-
driven deposition, they have a loose, porous and metastable 

structure with variable grain sizes [1,2]. Their collapsibility 
under wetting and loading can lead to sudden settlement 
[3]. While partial cementation provides dry strength, satu-
ration causes instability [4,5]. Its high void ratio, anisotropy 
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and perturbation sensitivity reduce the reliability of stan-
dard empirical models [6]. The index and engineering 
properties of loess soils characterised by high bearing 
capacity in their dry state, high porosity, low water retention 
potential, and sudden settlement under saturated loading 
have been extensively investigated by various researchers 
[6-8]. Firstly, there is a clear divergence of opinion among 
researchers regarding the definition of loess soils. Sharifi 
Teshnizi et al. [4] characterised loess soils as loose to medi-
um-dense silty soils that are partially cemented by clay 
particles and salts. Terzaghi et al. [9] and Liu [10] describe 
loess soils as wind-transported deposits of sedimentary ori-
gin. Meanwhile, Assadi-Langroudi et al. [5] define them as 
silt particles that have formed through the direct or indirect 
combination of silts, clays, and carbonates. Additionally, 
some researchers have classified loess soils based on their 
grain size distribution [11–14]. In particular, Swineford and 
Frye [11] defined loess soils as soils containing a mixture of 
fine sand and coarse silt, averaging between 0.02 and 0.05 
mm in size. In their respective studies, Nouaouria et al. [8] 
and Li et al. [15] indicated that the predominant grain size 
of loess soils is silt, comprising 50–70% by weight, with a 
sand-to-clay ratio that is lower in weight.

Approximately 12% of the Earth’s surface is covered by 
loess soils. The formation processes, index and engineer-
ing properties of these soils vary [1,16]. Figure 1 shows the 
global distribution of loess soils and indicates the areas in 
which loess of different geotechnical properties is com-
monly found. The areas indicated as Region 1 in Figure 
1 include the Mississippi and Missouri Basins of North 
America and the glacial loess of the Carpathian Mountains 
in Eastern Europe. Region 2 comprises loess deposits origi-
nating from the foothills of the Alps in Central Europe and 

the high-altitude mountains of southern Russia. Region 
3 consists of silt grains deposited by winds from deserts 
in Northern China and the Central Asian Republics [15, 
17-19]. In particular, the origin of the desert loess in Region 
3 is based on the grains transported by rivers from the sur-
rounding mountains [20-22]. 

The mineral structure and natural water content play a 
significant role in the behaviour of loess soils. These soils, 
defined by a high void ratio and semi-unstable structure at 
low water content, exhibit high strength in their dry state. 
The weak clay and calcite bonds that hold loose soil par-
ticles together weaken or disappear completely when the 
soil becomes saturated, causing it to collapse suddenly 
(hydrocollapse) [23-26]. Oedometer tests were conducted 
by Nouaouria et al. [3] on loess soils in Algeria, which 
reported that hydrocollapse increases up to a specific level 
depending on the applied stress, reaching a maximum at 
20-21% water content. In addition, the engineering proper-
ties of loess soils have been the focus of investigation by var-
ious researchers, taking into account the mineral structure, 
formation process and grain size distributions [6, 27-29]. 
Gibbs and Holland [30] reported that the liquid limit (LL) 
values of loess soils in the Kansas region of the USA, which 
exhibit cohesive properties, range from 25% to 60%. The 
plasticity index (PI) ranges from 5% to 37%. The maximum 
strength is realised at water contents of less than 10%, and 
the resistance to settlement is high. Xu et al. [31] investi-
gated the critical state parameters of loess soils in North 
West China with LL ranging from 20% to 35.6% and PI 
ranging from 6% to 17.1%. They conducted triaxial com-
pression tests to determine these values. Bandyopadhyay 
[32] examined the permeability of loess soils in the USA 
and stated that their vertical permeability was much higher 

Figure 1. Rich loess soil deposits [22] [created by author].
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than their horizontal permeability. However, Terzaghi 
et al. [9] noted that permeability varies due to changes 
in the structure of loess soils upon reaching saturation. 
Chindraprasirt et al. [33] prepared loess soil samples with 
varying clay contents from Northeast Thailand and sub-
jected them to direct shear box tests. In these tests, where 
the maximum internal friction angle (ϕ) was found to be 
25°, a decrease in the computed ϕ values was observed 
as the clay content increased. Ma et al. [34] performed 
CBR tests on 72 loess soil samples prepared with different 
compaction energies and water contents in China. They 
reported that samples on the dry side of the optimum den-
sity showed higher strength, but soaking the same samples 
in water resulted in a loss of bearing capacity of up to 97%. 
Wen and Yan [35] investigated the mechanical properties 
of unsaturated loess soils in Lanzhou, by conducting direct 
shear box tests. They highlighted that although significant 
decreases in measured shear strength and parameters (ϕ, c) 
were observed due to changes in soil structure, the changes 
in shear behavior were relatively small. Li et al. [15] carried 
out a study of the shear strength behaviour of Malan loess 
soils in China. They reported that the range of cohesion was 
0–100 kPa, while the ϕ values varied between 6.5° and 38°. 
Both parameters were found to decrease with increasing 
water content and increase with increasing density. Sheeler 
[36] found that ϕ values varied between 28° and 36° in 
shear box tests on loess soil samples in the USA. Kong et 
al. [37] investigated the strength parameters of loess soils 
with varying grain diameter distributions in Northwest 
China using direct shear box tests. They reported that the 
ϕ values varied between 22.2° and 41.5° and that the cohe-
sion changed between 8.3 kPa and 62.2 kPa under differing 
water contents and vertical stresses. 

The analysis of rich loess soil deposits shown in Figure 
1 highlights their widespread occurrence in densely pop-
ulated areas. It emphasises the importance of the index 
and engineering properties of loess soils for the safe and 
effective design of structures in these regions. While the 
relationships between the index and engineering proper-
ties of cohesive and granular soils have been demonstrated 
in numerous studies, the applicability of these findings to 
silt and loess-type soils remains unclear. Although previ-
ous research has explored the characteristics of loess soils, 
few studies have systematically combined field and labo-
ratory data. In particular, reliable empirical relationships 
that can be used to estimate the internal friction angle of 
loess soils from field test results are not widely accepted. To 
address this gap in the literature, this study investigated the 
empirical correlations between the internal friction angles 
obtained from direct shear tests on loess soils collected 
from Central Asia and Standard Penetration Test (SPT) 
blow counts. This will enable preliminary estimations in 
geotechnical design where laboratory testing is limited or 
unavailable [40-43].

FIELD AND LABORATORY STUDIES

General Site Characteristics and Properties of Loess Soils
The geological structure of the study area has been 

determined by drilling at pre-determined locations within 
the site. The findings show that the soils are primarily 
horizontally stratified, indicating a relatively consistent 
depositional pattern. Although the stratigraphic profile 
consists of three distinct soil layers, variations in thickness 
and composition are observed locally due to topographi-
cal and geological factors. Composed of sandy gravel, the 
upper layer extends to a depth of 3 m. Beneath this layer, 
between 3m and 6m, is a layer of clayey sand. The thickest 
layer consists of loess layers located at depths ranging from 
3 to 30 metres, containing varying proportions of clay and 
sand. The variable clay and sand content of these layers has 
a significant effect on the soil’s mechanical properties. In 
particular, an increase in clay content increases cohesion 
while reducing ϕ.

The sub-layer at depths between 30 and 36 metres con-
sists of low-plasticity clays containing a certain propor-
tion of loess, with LL% values ranging from 24 to 35%. It 
is important to emphasise that although this stratigraphic 
model provides a general framework, the depth and com-
position of the soil layers may vary locally depending on 
the geomorphological structure of the site and the depo-
sitional history. Detailed in-situ and laboratory investiga-
tions, including grain size distribution, Atterberg limits and 
direct shear box tests, would further improve the under-
standing of the geotechnical behaviour of these deposits.

Once the density values for the samples obtained from 
20 boreholes at different depths had been determined, the 
samples extracted from the drill tubes were subjected to 
shear box tests. In consideration of the number of boreholes 
and their depths, the average depth of the samples tested 
was determined to be 16.0 m. Following the completion of 
the shear box tests, the samples were dried at 105°C for a 
period of 24 hours. The soil samples were then subjected to 
wet analysis tests. The samples that passed through the No. 
200 (0.075 mm) sieve were analysed using a hydrometer, 
while those that were retained on the No. 200 sieve pro-
ceeded to sieve analysis. Consequently, only samples pass-
ing through the No. 40 (0.425 mm) sieve at a rate of at least 
65% were considered in this study. Therefore, only 86 of 
the 135 shear box test samples met this criterion and were 
included in the analysis. The grain size distributions of the 
soil samples are illustrated in Figure 2.

Table 1 summarizes the specific gravity (Gs), water 
content (w), grain size percentages, liquid limit (LL), plas-
tic limit (PL), and density (ρ) for 86 soil samples collected 
at depths ranging from 1.50 m to 36 m, based on ASTM 
D854-14, ASTM D6938-17, ASTM D6913/D6913M-17 and 
ASTM D7928-17, ASTM D4318-17, and ASTM D7263-21, 
respectively. The mean grain size (D50) was determined for 
each sample, based on the obtained grain diameter distri-
butions [44-49].



Sigma J Eng Nat Sci, Vol. 44, No. 2, pp. 1172−1186, April, 2026 1175

Sample Preparation and Direct Shear Test Setup
Soil internal friction angles are generally determined 

by direct shear box tests or triaxial compression tests, 
each of which has its own advantages and limitations. 
Although direct shear testing is less effective than tri-
axial testing at replicating true in-situ stress paths, it 
was preferred in this study due to methodological and 
practical considerations. A total of 405 direct shear tests 
were conducted on 135 loess samples at different nor-
mal stress levels, not including additional repeatability 
tests. Direct shear testing is faster and easier to handle. 
It allows samples to be tested at their in-situ water con-
tent and density. In contrast, triaxial tests involve highly 
time-consuming saturation and consolidation stages. 
Considering the large number of samples tested, direct 
shear testing was more suitable for achieving the empir-
ical correlation objectives of this study. In this study, the 
SPT N and ϕ values required to investigate their correla-
tions were determined by following the field and labora-
tory test procedures outlined below.
1)	 The SPT blow counts in the study area were deter-

mined using an MD300 auger-type water drilling 
machine equipped with an automatic hammer ram. 
The values were obtained from a total of different 20 

boreholes, each with a diameter of 75 mm, and drill-
ing depths ranging from 13.50 m to 36 m. SPTs were 
carried out by repeatedly dropping a 63.5 kg hammer 
from a height of 76.2 cm onto a standard sampler posi-
tioned at the upper level of the specified locations. A 
total of 45 cm of the sampler was allowed to penetrate 
the soil in three stages. The number of blows required 
for each 15 cm of penetration was recorded. The first 
15 cm was excluded from the analysis as this was con-
sidered to be the stage at which the sampler settled in 
the soil. The total number of blows (N30) was deter-
mined by summing the number of blows from the sec-
ond and third 15 cm penetrations. For these boreholes, 
the energy rate was considered to be 60%, and the SPT 
guide rod length was set at 1 m. Following the drilling 
process, the drill tubes were extracted from the bore-
holes and sealed with paraffin to preserve the natural 
water content. The samples were then transferred to 
the laboratory for the next stage. 

2)	 The density of the soil in the tubes was calculated by 
weighing the drill tubes, for which both the weight 
and volume were known. Subsequently, in order to 
test the homogeneity of the soil in the tubes, the 
tubes were cut with specialised cutting instruments, 
and density values were verified by taking samples 
with thin-walled steel samplers. In the laboratory, 
the water content of loess soils was found to range 
from 3.10% to 25.3%. In addition, wet analysis and 
hydrometer tests revealed that the clay content varied 
between 5% and 20%. The interplay between these 
two parameters and capillary effects was found to 
facilitate the sampling process (Fig. 3. Cylindrical 
samples were extracted from the drill tube for the sole 
purpose of calculating their density. It is important to 
note that these samples were not used in the shear 
box tests. The evaluation of the processes of tak-
ing samples from boreholes under field conditions, 
transporting them to the laboratory, and sampling in 
the laboratory environment revealed that the samples 
had been disturbed. It was therefore decided that the 
samples be reconstructed to match the water content 
and density values observed in the field. For this pur-
pose, the soil samples from the tubes were removed 
and the water content was determined.

Table 1. Summary of the material properties of the soils within the scope of this study

Gs w 
(%)

Depth
(m)

ρ 
(gr/cm3)

LL 
(%)

PL 
(%)

Coarse
sand (%)

Fine sand 
(%)

Silt 
(%)

Clay 
(%)

D50 
(mm)

Soil count 86 86 86 86 19 19 86 86 86 86 86
Max. 2.76 25.30 36.0 2.15 35.00 19.30 35.00 93.00 84.20 27.70 0.32
Min. 2.52 3.10 1.50 1.75 24.30 15.20 0.00 3.20 6.00 1.00 0.009
Mean 2.65 15.60 16.00 1.93 28.20 16.71 5.80 39.80 43.90 10.50 0.079
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Figure 2. Grain size distribution curves of soils.
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3)	 Soil samples with known natural density (ρ) were 
compacted in a 6 cm x 6 cm x 5 cm shear box ring 
at a height of 4 cm. For a V=144 cm3, the amount of 
soil (M) required for each sample was determined by 
ρ=M/V. Following the careful placement of all the soil 
in the ring, the compaction process was initiated. While 
it is not possible to preserve the microstructure of loess 
completely after sampling, the reconstituted samples 
were prepared using field-measured natural density and 
moisture contents to closely replicate the void ratios 
and conditions in situ. This methodological approach 

enables reliable assessment of macroscale geotechnical 
behaviour, particularly with regard to shear strength 
parameters. Similar procedures have been adopted in 
previous loess studies where undisturbed sampling is 
technically impractical and where controlled recon-
stitution is widely accepted as a valid alternative for 
maintaining representation [5, 12]. The reconstituted 
samples were assumed to represent in situ field condi-
tions; however, no additional validation tests were con-
ducted to quantitatively evaluate the accuracy of this 
assumption. A rigid plate was positioned to ensure that 
the loads applied during these compaction processes 
were distributed homogeneously across the upper level 
of the soil. As a result of the gradual application of loads 
to the loading head, the height of the soil in the ring 
continued until it reached a height of 4 cm. Details of 
the used for the shear box tests are presented in Figure 
4. Displacement and force transducers were used to 
monitor and record shear strain and force during the 
test. Normal stress was applied to the top of the lid using 
a mechanism with a lever ratio of 1:9. The vertical dis-
placement was allowed to complete after the application 
of the vertical load and then the shear phase started. 
The upper half of the shear box was fixed while the 
lower half was forced to move horizontally at a constant 
rate of 1 mm/min for 10% displacement. To minimize 
the frictional resistance caused by contact between the 
upper and lower sections during the shearing process, 
a 0.05 mm gap was left between the two halves of the 
direct shear box. In the direct shear test apparatus, 
adjustment screws are used to create a small gap and 
minimise friction between the lower and upper boxes. 
This procedure ensures the formation of a clear shear 
plane, enhancing reliability by making the measured 
shear strength parameters independent of box friction.
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Figure 4. Direct shear test device.

Figure 3. Determination of density a) sample in drill tube 
b) cutting the drill tube for sampling c) obtaining cylindri-
cal samples.
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4)	 The test samples were prepared by compacting and 
reconstituting them in a direct shear box to reflect the in 
situ density and moisture content values. The samples 
were then tested at a cutting speed of 1 mm/min under 
vertical stresses of 100 kPa, 200 kPa and 400 kPa up to a 
horizontal strain of 10%. The shearing process was initi-
ated one minute after the application of the vertical nor-
mal stresses. Control tests were conducted to assess the 
repeatability of the results, and the findings were found 
to be consistent under repeated testing under similar 
conditions. The final tests were conducted to determine 
the shear strength parameters, based on 258 direct shear 
tests performed on 86 soil samples in accordance with 
ASTM D3080 [50].

RESULTS AND DISCUSSION

A review of the literature reveals a number of studies 
investigating SPT N–ϕ correlations in sandy soils, as sum-
marized in Table 2. In the equations, N refers to the raw SPT 
blow count measured directly during field tests. N1 is the 
corrected value obtained by applying an overburden correc-
tion and considering the effective vertical stress conditions 
in the soil profile. N(60) represents the SPT blow count stan-
dardised by applying energy correction and based on the 
differing energy transfer efficiencies of the field equipment 
used. N1(60) denotes the corrected SPT blow count obtained 
by applying overburden and energy corrections, as well as 
additional corrections based on the characteristics of the 
testing equipment used. In the first group of literature, no 
corrections are applied to the N values and the ϕ values are 
derived directly from these uncorrected values. The second 

group of literature applies various corrections to the N val-
ues, except for the overburden correction. Finally, the third 
group of literature applies all corrections to the N values. 
These different methods highlight the variability in data 
treatment and its potential impact on the accuracy of ϕ 
value estimates.

To correctly interpret SPT results under field condi-
tions, it is important to understand the properties of the 
test equipment and the soil conditions. The measured SPT 
N values require correction for these factors. Incorrect 
determination of the N values can result in estimates of soil 
properties and bearing capacity that are both unsafe and 
unrealistic [64]. The application of the basic corrections 
given in Eq. 1 to the field to the N blow count gives the 
N(60). 

	 	 (1)

In Eq. 1; ER hammer efficiency, CR rod length correc-
tion, CB borehole diameter correction and CS sampler cor-
rection, CN overburden correction

In homogeneous soils, both vertical and horizontal 
effective stresses increase with depth, resulting in higher 
SPT blow counts. To account for this depth-related influ-
ence, an overburden correction factor (CN) is applied and 
the corrected blow count is expressed as N₁. Considering 
the Turkish Building Earthquake Regulations [65] and 
Liao and Whitman’s [66] proposed Equation 2, the CN 
values were determined. In this equation, σ'v₀ represents 
the effective vertical stress acting on the test sample, 
which is calculated by multiplying the relevant sampling 
depth by the density. As the depth increases, the resulting 

Table 2. SPT N versus f correlations recommended for sand soils in literature studies

Correlation type Referance Count Proposed of equation Limit
SPT N-ϕ Ferdous [51] 8 samples ϕ=0.28N + 22.72 -

Kumar et al. [52] - ϕ= 0.2857N + 27.12 4<N<50
Puri et al. [53] 1053 boreholes ϕ=0.3128N + 26 1<N<52
Yusof and Zabidi [54] 14 boreholes ϕ = 0.481N +29.174

SPT N(60)-ϕ Wolff [55] - ϕ' = 27.1+ 0.3N60 -0.00054 N2
60 N60 < 60

Japan Road Assoc. [56] - ϕ=(15N(60) )0.5+15 ≤ 45 N > 5
Mujtaba et al. [38] 60 boreholes ϕ=0.7N60 + 18

SPT N1(60)-ϕ Kuhawy and Mayne [57] - ϕ N60 < 60; 
σ'v/Pa < 3 

Hatanaka and Uchida [58] 12 samples ϕ= (20N1(60))0.5 +20 N1(60)< 40
Mayne [59] - ϕ= (15.4N1(60))0.5 +20 -
Chen [60] 48 samples ϕ=7.1 log10[N1(60)]+ 29.8 -
Brown and Hettiarachchi [61] 36 samples ϕ -

Schnaid et al. [62] - ϕ=18 [N1(60)]0.234 -
Ching et al. [63] - ϕ=9.2 log10 [N1(60)]+ 27.5 -
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increase in vertical effective stress leads to a reduction in 
the CN. Accordingly, the minimum CN value of 0.52 was 
obtained at a depth of 33 m, while the maximum value 
of 1.70 was calculated at a depth of 1.5 m. Table 3 sum-
marises the correction factors applied to the raw SPT N 
values obtained using an automated hammer system that 
provides a consistent energy input during testing. Despite 
this automation, adjustments are still required to account 
for variations in CB, CS, CR, ER, and CN. These factors 
are crucial for standardising the number of counts and 
ensuring that the test results can be compared with those 
reported in the literature. In addition, Table 3 shows both 
the standard acceptable ranges and the specific correction 
values used in this study, which were selected based on 
relevant geotechnical standards and previous literature. 
These correction coefficients ensure that the characteris-
tics of the experimental equipment and soil conditions are 
considered. Improving the accuracy of SPT data signifi-
cantly enhances the reliability of the correlations between 
SPT N and ϕ.

	 	 (2)

Terzaghi et al. (1996) proposed two equations that 
represent the correlations between SPT N and ϕ [9]. The 
results of the analysis demonstrate that grain size is a critical 
parameter that has a significant impact on the relationships 
under consideration. Salari et al. [67] performed SPT and 
direct shear tests on 50 gravel samples (25 GC and 25 GW). 
Based on all the data and the grain size distribution of the 
gravel, they proposed two equations to describe the rela-
tionship between the SPT N and ϕ values If the f value for 
SPT N-f correlations is determined under laboratory con-
ditions, it is important to ensure that the samples have the 
same properties as they do under field conditions. Hatanaka 
and Uchida [58] obtained 12 undisturbed samples by freez-
ing them to preserve their field conditions. They then con-
ducted triaxial tests on these samples to determine their f 
values. In addition to SPT N-ϕ correlations derived from 
field and laboratory tests, this relationship has also been 
explored using various machine learning methods and sta-
tistical analyses. Kumar et al. [52] employed the random 
number generation technique to estimate the ϕ based on 
the SPT blow counts. 

The correlation between the relative density (Dr) of 
cohesionless soils under field conditions and the N blow 

count has been investigated by various researchers, result-
ing in the proposal of several equations to express this 
relationship [68-70]. Furthermore, the density of the soils 
and the Dr (%) values are directly related. Therefore, an 
increase in the density of soils with the same properties 
will enhance soil resistance, resulting in higher SPT N 
values and strength. However, the relatively weak correla-
tions shown in Figure 5 are mainly due to the variability 
in grain size distribution among the samples tested. The 
mechanical behaviour of soils is directly related to their 
particle size distribution. However, the variability of soil 
properties and particle size distributions, combined with 
the large number of variables, makes it difficult to iden-
tify clear statistical trends. When the drilling data is con-
sidered, it reveals that the upper layers contain loess soils 
with a high sand content, whereas the deeper layers con-
sist of clayey loess. Soils with homogeneous grain size dis-
tributions generally become denser with increasing depth 
due to elevated geological stresses, resulting in higher SPT 
N values and internal friction angles [2, 26, 71]. In this 
study, however, soils with higher proportions of sand were 
mostly located at shallower depths. These samples exhib-
ited SPT N values generally greater than 40 and internal 
friction angles exceeding 35°. Although an overall increase 
in the amount of fine-grained material is evident as depth 
increases, this trend is not consistent across all 20 bore-
holes. In other words, the distribution of grain sizes varied 
significantly with depth. In addition, increasing geological 
loads with depth led to higher soil density and compac-
tion, while water content also varied considerably with 
depth. When considering these variables together, strong 
and consistent correlations could not be established for 
the SPT-N–ρ and ϕ–ρ relationships (Fig. 5).

Statistical summary of the SPT N and ϕ values obtained 
from direct shear box tests of 86 samples is shown in Table 
4. The descriptive statistics such as mean (x̄), minimum 
and maximum values (min–max), standard deviation (SD), 
number of samples (N), skewness coefficient (S) and kur-
tosis (K) were calculated to evaluate the samples. These 
parameters provide a solid foundation for assessing the sci-
entific reliability of the correlation analysis and for gaining 
a comprehensive understanding of the dataset’s distribution 
characteristics.

As seen in Table 4, the SPT N and ϕ values of the 86 
samples exhibit a broad distribution range, with a mean 
SPT N value of 33.7 and a standard deviation of 12.47. In 

Table 3. The correction values and the standard ranges

Correction of the coefficients

CB CS CR ER CN

Standard range 1.0-1.15 1.0 0.75-1.0 0.70 0-1.70
This study 1.0 1.0 0.75-1.0 0.70 0.52-1.70 
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contrast, the corrected values SPT N1 and SPT N1(60) have 
respective means of 28.13 and 30.74. These results suggest 
that correction methods have a significant impact on the 
values. The average internal friction angle is 35.85°, and its 
skewness (-0.95) and kurtosis (0.85) suggest a left-skewed, 
peaked distribution. Overall, the limited skewness and kur-
tosis values suggest that the dataset is suitable for statistical 
analysis and meaningful interpretation of correlations.

Researchers have used SPT N values to estimate the rel-
ative density (Dr) or density of soils [38, 70]. Although this 
study does not focus directly on density estimation, Figure 
6 presents soil density classifications based on the ranges 
proposed by Terzaghi & Peck [72]. Most of the 86 anal-
ysed samples fall within or just above the transition zone 
between medium-dense and dense soils, indicating that 
the soils generally have internal friction angles greater than 
30°. Samples obtained from shallow depths and composed 
of coarser grains tend to exhibit higher ϕ values and are 

positioned near the upper boundary of this classification. 
However, samples taken from deeper layers with a higher 
clay content generally exhibit lower ϕ values and are located 
closer to the lower boundary of the dense soil category. 

When field and laboratory test data a evaluated 
together, it becomes clear that increasing depth results in 
greater geological loading for samples with similar grain 
size distributions. This trend has also been observed in 
direct shear box tests. The samples, which have density 
ranging from 1.75 to 2.15 g/cm³ and similar grain size 
distributions, exhibit higher internal friction angles as 
the density increases. Furthermore, higher SPT N and ϕ 
values were obtained in samples with a higher sand con-
tent when samples were obtained from different depths 
and possessed similar grain size distributions. The SPT 
N values were only marginally affected by changes in 
moisture content. However, direct shear tests showed 
that an increase in water content, especially in higher 

Figure 5. Effect of density on SPT N and ϕ a) SPT N-ρ b) ϕ vs. ρ.

Table 4. Summary of the statistical information from the field and laboratory data

Parameter Samples 
(N)

Mean
(x̄)

Standard deviation 
(SD)

Minimum 
(Min.)

Maxiumum 
(Max.)

Skewness 
(S)

Kurtosis 
(K)

SPT N 86 33.71 12.47 7.00 60.0 -0.37 -0.54
SPT N1 86 28.13 9.85 7.40 54.40 0.35 0.03
SPT N(60) 86 37.55 15.38 6.13 68.00 -0.26 -0.76
SPT N1(60) 86 30.74 10.79 6.47 58.61 0.18 -0.06
ϕ (°) 86 35.85 3.91 24.00 42.00 -0.95 0.85
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clay content, reduced the ϕ and led to the development 
of cohesion. Considering all these findings together, it is 
clear that there is generally a positive and significant cor-
relation between SPT N and ϕ values. This trend varies 
depending on the depth of the sample. Samples obtained 
from depths between 30 and 36 m with a high clay con-
tent generally exhibited internal friction angles below 
20° and cohesion values of up to 60 kPa. In contrast, 
samples taken from shallow depths of between 0 and 6 
m containing coarser grains showed higher internal fric-
tion angles of between 43° and 49°. For this reason, these 

samples were excluded from the correlation analysis, as 
their elevated clay or sand content means they do not 
reflect the typical characteristics of loess.

Table 5 indicates that a variety of regression curves, 
including linear, polynomial, exponential, and logarith-
mic, have been used by different researchers. In particular, 
when examining Figure 6, it is clear that some data points 
were outliers from the general trend. However, in order not 
to reduce the number of data points, these outliers were 
included in the analysis and not excluded. This caused the 
R² to remain at a maximum value of 0.732.

Figure 6. Correlation of SPT N-ϕ a) SPT N-ϕ b) SPT N(60)-ϕ c) SPT N1-ϕ d) SPT N1(60)-ϕ.
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When evaluating the performance of the regression 
curves, it was observed that variations in grain size distri-
bution, water content, and corrections applied to the SPT N 
values led to significant deviations from the general trend 
in some samples. However, all data were included in the 
analyses to improve the representativeness of the natural 
soil structure observed in the field. In particular, a 70% 
energy correction was applied for the automatic SPT test-
ing machine used in field conditions for each sample shown 
in Figure 6b. As the fixed ER correction affected the N val-
ues of all samples by the same proportion, similar R² values 
were obtained for the regression curves in Figures 6a and 
6b. In contrast, the CN correction factor varies between 0.52 
and 1.70. For samples where CN is greater than 1, N values 
increased, while for samples where CN is less than 1, N val-
ues decreased. This effect increased the scatter of the data 
in Figures 6c and 6d and significantly reduced the R2 values. 
In the analysis findings, the linear regression model showed 
the lowest correlation, whereas the power regression model 
generally provided the best fit. These results clearly demon-
strate the effect of the correction factors applied to the N 
values on the selection and performance of the regression 
models.

The relationship between SPT N-ϕ was investigated in 
this study, with the results represented by four regression 
curves, and the corresponding formulations detailed in 
Table 5. The SPT N blow counts obtained under field con-
ditions were then substituted into these equations to cal-
culate the ϕ values for each sample. In Figure 7, the x-axis 
represents the ϕ values computed using the equations 

with the highest R2 values from Table 5, while the y-axis 
represents the ϕ values obtained from the shear box tests. 
Since the R2 values obtained from Figure 6 are similar 
(except for Fig. 6c), the variations shown in Figure 7 are 
closely matched.

The equations proposed by Ferdous [51], Kumar et al. 
[52], Puri et al. [53], and Yusof and Zabidi [54] for the SPT 
N-f relationship are applied to loess soils in this study. A 
comparison of the regression curves derived from these 
equations with the regression curve based on Equation 
1d is shown in Figure 8. A detailed analysis indicates that 
the regression curve obtained for the soils in this study is 
aligned closely with the equation proposed by Yusof and 
Zahidi [54]. While the equation proposed by Kumar et al. 
[52] and Puri et al. [53] provides compatible results for SPT 
blow counts between 15 and 50. The equation proposed by 
Ferdous [51] demonstrates the least compatibility of the 
three.

The researchers analysing the SPT N-ϕ relationship 
prefer to utilise different approaches. The application of the 
SPT N(60)-f equations proposed by the researchers to the 
loess soils considered in this study is presented in Figure 9. 
The regression curves reveal that the equations proposed 
by Wolff [55] and the Japan Road Association [56] are com-
patible with the regression curve developed for the soils in 
this study within the range of 15 < N60 < 50. In contrast, the 
equation proposed by Mujtaba et al. [38] displayed the least 
compatibility.

Table 2 summarises the equations proposed by the 
researchers, considering the overburden and energy 

Table 5. SPT N versus f correlations recommended for sand soils in literature studies

Correlation type Equation type Equation Equation ID R2

SPT N-ϕ linear ϕ=0.264N+26.97 1a 0.708
Polynomial ϕ=-0.002N2+0.39N +25.33 1b 0.716
Logarithmic ϕ=6.93ln(N) +12.13 1c 0.724
Power ϕ=17.45N0.208 1d 0.732

SPT N(60)-ϕ linear ϕ=0.208N(60)+28.04 2a 0.671
Polynomial ϕ=-0.0018N60

2+0.34N(60) +26.20 2b 0.685
Logarithmic ϕ=6.05ln(N(60)) +14.63 2c 0.704
Power ϕ=18.81 N(60)

0.182 2d 0.712
SPT N1-ϕ linear ϕ=0.251N1+28.79 3a 0.401

Polynomial ϕ=-0.0115N1
2+0.935 N1 +19.74 3b 0.550

Logarithmic ϕ=7.20ln(N1) +12.33 3c 0.512
Power ϕ=17.44 N1

0.218 3d 0.526
SPT N1(60)-ϕ linear ϕ=0.263N1(60)+27.76 4a 0.530

Polynomial ϕ=-0.0082N160
2+0.782N1(60) +20.50 4b 0.640

Logarithmic ϕ=7.65ln(N1(60)) +10.20 4c 0.635
Power ϕ=16.36 N1(60)

0.232 4d 0.653
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corrections in the field SPT N blow count. The regres-
sion curves derived from these equations are shown in 
Figure 10.

When the curves are analysed, the equations proposed 
by Kulhawy and Mayne [57], Hatanaka and Uchida [58], 
Mayne [59], and Chen [60] provide significantly higher 
f values, while the equation proposed by Brown and 
Hettiarachchi [61] provides the lowest f values. As a result, 
none of the equations proposed in the literature for the 
SPT N1(60)-f relationship gave significant results for loess 
soils. Among these, the equation proposed by Brown and 
Hettiarachchi [61] seems to be appropriate for loess soils 
when safety is a priority.

A final discussion of Figures 8-10 indicates that while 
some of the equations proposed in the literature occasion-
ally provide meaningful results for loess soils, their general 
applicability is limited. In particular, equations developed 
on the basis of sandy soils clearly produce inconsistent 
and unreliable results when applied to loess conditions. 
This is primarily due to the significant differences in the 
physical and engineering properties of loess compared to 
sand. These differences affect the ability of existing empir-
ical equations to accurately describe the behaviour of loess 
soils, highlighting the need to develop correlations specifi-
cally tailored to this soil type.

Figure 7. Comparison of ϕ values a) ϕtest- ϕSPT-N b) ϕtest- ϕSPT-N(60) c) ϕtest- ϕSPT-N1 d) ϕtest- ϕSPT-N1(60).
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CONCLUSION

The index and strength properties of loess soils are 
determined through a combination of laboratory and 
field tests. Although there are sufficient studies that focus 
on determining the engineering properties of cohesive 
and granular soils using field tests, research on loess soils 

remains limited. This study aims to contribute to this topic 
by determining the internal friction angles from standard 
penetration test blow counts values obtained in the field for 
loess soils in Central Asia. The results obtained are sum-
marised below.
1)	 In consideration of the formation processes of the 

Central Asian loess, there is a notable variation in grain 
size distribution. While the majority of grain sizes fall 
within the range of 0.425 mm to 0.002 mm, there are 
instances where soils with grain sizes between 4.75 mm 
and 0.425 mm have been observed at specific depths.

2)	 Considering the standard penetration test blow counts, 
these values increased with depth for loess soils with 
similar grain size distributions. In addition, for loess 
soils at the same depth in different boreholes, higher 
standard penetration test blow counts were obtained for 
samples with larger D50 values.

3)	 Direct shear tests were carried out on samples that were 
reconstituted to reflect the density and water content of 
the in situ conditions. The results showed that the ϕ val-
ues increased as the density and D50 values increased.

4)	 The SPT-N-ϕ relationship for the loess soil properties 
considered in this study was examined for different 
regression models. The determination coefficients rep-
resenting the different models range from 0.65 to 0.73. 
These values indicate that ϕ can be estimated from stan-
dard penetration test blow counts. Existing SPT N-ϕ 
correlations, originally established for clean sands, were 
evaluated for their applicability to loess soils. Although 
a limited number of studies have achieved satisfactory 
results, the findings indicate that improved correlations 

 

Figure 8. A comparison of regression curves for SPT N-ϕ 
relationship.

Figure 9. A comparison of regression curves for SPT 
N(60)-ϕ relationship.

Figure 10. A comparison of regression curves for SPT 
N1(60)-ϕ relationship.
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based on loess soil properties are necessary to enhance 
the reliability of predictions.

5)	 These findings provide geotechnical engineers and 
applicators with practical empirical equations for esti-
mating the internal friction angles of loess soils based 
on SPT N-values determined under field conditions. 
The equations contribute to a better understanding of 
loess soil behaviour in geotechnical site characterisa-
tion, foundation design and soil improvement applica-
tions during the preliminary design stages or in projects 
where laboratory testing is limited. 
The internal friction angles of loess soils were deter-

mined in this study in a laboratory under conditions that 
reflect in situ density and water content. Meaningful cor-
relations were obtained with standard penetration test blow 
counts. However, the degree of soil compaction is a critical 
factor influencing shear strength. Therefore, future studies 
should include tests representing different levels of com-
paction to improve the reliability of the correlations and 
provide a more comprehensive understanding of the engi-
neering behaviour of loess soils.

This study is limited to loess soils in Central Asia. 
Therefore, the empirical correlations proposed herein are 
context-specific and unique to the soils studied in this 
region. They may not be directly applicable to loess soils 
from regions with different geological origins, mineral 
compositions, grain size distributions or post-depositional 
alterations. Therefore, caution should be used when apply-
ing these correlations outside the studied context, and vali-
dation at the site in question is strongly encouraged. 
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