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peomcn Abstract. The Standard Penetration Test (SPT) is one of the most widely
e ”"”c.;< applied in-situ techniques for evaluating soil strength parameters in both
coarse- and fine-grained soils. In this study, an attempt is made to establish
a reliable correlation for estimating the undrained shear strength (Su) of very
soft clayey soils in Basrah Province, southern Iraq, using the corrected blow
count (Ngo) from SPT results. A regression-based approach was adopted to
develop a local correlation between Su and N-values, and the obtained
results were validated against widely used empirical correlations proposed
by Terzaghi and Peck (1967), Stroud (1974), Decourt (1990), and Nassaji
and Kalantari (2011). The analysis produced a coefficient of determination
(R?) of 0.704, suggesting that the proposed equation provides a reliable
Received: 1 April 2025 predictive tool for local soil conditions. The findings indicate that the
Revised :1 August 2025 developed correlation reduces estimation errors associated with generic
Accepted: 5 September 2025 formulas and offers a practical approach tailored to the geotechnical behavior
of soft clayey soils in Basrah.
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1. INTRODUCTION

Due to the unavailability of specialized equipment, as well as financial and time limitations in many projects,
it is often necessary to estimate geotechnical parameters indirectly through empirical correlations with values
obtained from in-situ tests. One of the most important parameters in this regard is the undrained shear strength,
commonly denoted as Su or cu. This parameter can be estimated from in-situ tests such as the cone
penetration test (CPT) and the standard penetration test (SPT), among others. The earliest documented
reference to the SPT procedure appears in a paper by Terzaghi in 1943 [1]. The test was later standardized
in the United States in 1958, and is currently covered by ASTM D1586-99, as well as many other international
standards [2]. The SPT remains one of the simplest, most economical, and most widely adopted field tests in
geotechnical engineering, and is routinely applied in soil investigations worldwide.

Traditionally, the SPT has been used to evaluate the static and dynamic properties of coarse-grained sails,
including internal friction angle (¢'), relative density (Dr), bearing capacity, settlement, and shear wave velocity
(Vs), as well as for liquefaction potential assessment. Despite its original development for coarse-grained soils,
the SPT has also been applied to fine-grained soils to estimate engineering parameters such as undrained
compressive strength (qu), undrained shear strength (Su), and the coefficient of volume compressibility (mv).
However, its applicability to fine-grained soils remains a subject of debate [3]. The SPT procedure is performed
in a borehole by driving a standard split-spoon sampler into the soil using repeated blows of a 63.5 kg (140
Ib.) hammer dropped from a height of 762 mm (30 in.). The hammer, operated at the top of the borehole, is
connected to the sampler through drill rods. The sampler is driven to a penetration depth of 450 mm (18 in.),
and the number of blows required for each 76 mm (3 in.) increment is recorded. The penetration resistance,
commonly referred to as the SPT N-value, is defined as the number of blows required to achieve the final 300
mm (1 ft) of penetration [4].

In the laboratory, Su can be directly determined from the unconfined compressive strength test (UCS) or
the unconsolidated undrained triaxial test (UU). The UCS test provides the unconfined compressive strength
(qu), and under conditions of full saturation, the undrained shear strength is estimated from the relationship [5]:

Su=0.5%q, (1

One of the earliest attempts to establish a relationship between unconfined compressive strength (qu) and
the Standard Penetration Test N-value was conducted by Terzaghi and Peck [6], as summarized in Table 1.
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Their work was based on a variety of fine-grained soils with different consistencies and Atterberg limits.
Following their pioneering contribution, numerous researchers have investigated and refined correlations
between SPT results and soil strength parameters. Sanglerat [7] was among the first to present a (qu—N)
correlation that explicitly accounted for the type of fine-grained soil. By considering the plasticity index (PI) of
clay soils, he proposed dividing soils into two categories: clay and silty clay, thereby improving the applicability
of the correlation across different soil types. Building on this, Stroud [8] analyzed correlations using undrained
shear strength (Su) values obtained from unconsolidated undrained (UU) triaxial tests. His findings indicated
that for soils with plasticity index values less than 30%, the undrained shear strength decreases as Pl increases
at a constant NNN-value. In contrast, Sowers [9] reported an opposite trend, showing that (Su) tends to
increase with increasing plasticity index. These contradictory results underscore the complexity of soil behavior
and highlight the need for cautious application of empirical correlations, with consideration of soil type,
plasticity, and local geotechnical conditions.

Table 1. Correlation between qu-N-value (SPT) [6].

N-value | Description of consistency | Consistency index =(LL-WC)/PI | Undrained strength qu=2c., kPa
0-2 Very soft <0.5 <25
2-4 Soft 0.5-0.75 25-50
4-8 Medium stiff 0.5-0.75 50 -100
8-16 Stiff 0.75-1.0 100 -200
16 -32 Very stiff 1.0-1.5 200 -400
>32 Hard >1.5 > 400
Undrained shear strength (qu) for clay equal to (12.5xSPT-value)
And (qu) equal to (10xSPT-value) for clay with Pl >30

Several research studies have extensively utilized Standard Penetration Test (SPT) data obtained from
different locations and depths to evaluate the bearing capacity of soils for both shallow and deep foundations.
Since raw SPT values can be influenced by testing conditions, they are typically subjected to multiple
corrections to improve reliability. These adjustments include considerations for hammer energy efficiency, rod
length, borehole diameter, overburden pressure, and groundwater table effects. Such corrections are essential
to ensure that the derived parameters more accurately represent the actual in-situ soil conditions [10-12].
Beyond direct application in empirical bearing capacity correlations, corrected SPT data have also been
integrated with advanced computational tools such as MATLAB and ArcGIS. These platforms were used to
generate three-dimensional (3D) surface models, illustrating how soil bearing capacity varies with depth and
spatial coordinates. The resulting 3D visualizations provide valuable insights into subsoil variability, highlight
weak and strong soil zones, and enable engineers to develop a more comprehensive understanding of the site
conditions [13-15].

The outcomes of these approaches are particularly beneficial in engineering practice. They not only
facilitate rapid and reasonably accurate estimation of soil bearing capacity but also support informed decision-
making during the planning and design stages of foundation works. Furthermore, the incorporation of
geostatistical modeling and visualization enhances the reliability of site characterization, helping to optimize
foundation design and reduce risks associated with soil heterogeneity [11-15]. In this context, several
researchers have contributed important correlations between SPT and soil strength parameters. Sivrikaya and
Togrol [16] conducted a broad investigation on fine-grained soils using unconfined compressive strength (UCS)
test results and proposed a new empirical relationship. Hettiarachchi and Brown [17] introduced an energy
balance approach by considering the SPT sampler as an open-ended pile, presenting correlations based on
Neo values (the blow count corrected to 60% hammer energy efficiency). Similarly, Decourt [18], Nixon [19],
and Ajayi and Balogun [20] explored correlations between undrained shear strength (Su) and SPT N-values.
A summary of these existing correlations is presented in Table 2. Given the variety of correlations reported in
the literature and the differences in their applicability, the present study focuses on evaluating the capability of
SPT to estimate the undrained shear strength of fine-grained soils in southern Iraq. To achieve this, regression
trend-line analysis was carried out using Microsoft Excel, aiming to establish reliable correlations tailored to
local soil conditions.

2. DATA COLLECTION

To establish correlations between corrected Standard Penetration Test values (Ncorrected) and laboratory-
derived undrained shear strength (Su), data were collected from geotechnical investigations conducted in
southern Iraq. The objective was to evaluate the feasibility of using SPT blow counts to estimate the Su of fine-
grained soils in the region. Soils in southern Iraq are predominantly fine-grained, very soft deposits with varying
degrees of plasticity ranging from low to high. Determining the unconfined compressive strength (qu) in the
laboratory through the Unconfined Compressive Strength (UCS) test proved challenging due to the very soft
and sensitive nature of the soil samples, which often exhibited difficulties in sample preparation and handling.
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As an alternative, undrained shear strength values (cu) were obtained from both vane shear tests and
correlations with SPT results. A total of 31 boreholes were drilled across the study area, reaching depths
ranging from 10 m to 40 m below the natural ground surface. The results of these investigations, including
corrected SPT blow counts and measured undrained shear strengths, are summarized in Table 3.

Table 2. Previous correlations between Su-N-value (SPT-value).

Researchers Explanation Su (kPa)
Sanglerat [7] Clay Silty clay 125Nand 10N
Terzaghi and Peck [6] Fine-grained soil 6.25N
Hara et al. [5] Fine-grained soil 29 No72
Highly plastic soil 125N
Sowers [9] Medium plastic clay 75N
Low plastic soil 3.75N
Nixon [19] Clay 12N
Highly plastic soil 4.85 Nriela and 6.82 Neo
Sivrikaya and Togrol [16] Low plastic soil 3.35 Nfielsand 4.93 Neo
Fine-grained soil 4.32 Nrielw and 6.18 Neo
PI<20 (6-7)N
Stroud [8] 20<PI<30 (4-5)N
PI>30 42N
Decourt [18] Clay 12.5 N and 15 Neo
Ajayi and Balogun [20] Fine-grained soil 1.39N+74.2
Hettiarachchi and Brown [17] Fine-grained soil 4.1 Neo
UU Test 3.33N — 0.75wn+ 0.20LL + 1.67PI
Sivrikaya [3] UU Test 4.43Nso — 1.29wn + 1.06LL + 1.02PI
UCS Test 2.41N — 0.82wn + 0.14LL + 1.44PI
UCS Test 3.24N60 — 0.53wn — 0.43LL + 2.14PI
Nassaji and Kalantari [21] Fine-grained soil 2.1Neo + 17.6

Table 3. locations of boreholes in the Basrah province.

BH No. Borehole location Drilling depth (m)
1 Storage water tank 22
2 Storage water tank 22
3 Nano Filter Building 15
4 Lamella clarifier filter 15
5 Coarse grid screen 15
6 Storage water tank 15
7 Chlorine tank 10
8 Intake 10
9 Lamella clarifier Filter 22
10 Deoxygenation tower 22
11 First stage storage tank 15
g Al-Mufakia gg
12 Al-Andalus city gg
1? Al-Gazara district gg
18 Al-Jamiyat 6.0
;8 Al —Fersi 38
21 30
22 Shatt — AL Arab 30
23 30
24 15
25 15
26 15
gg Alsyab City 12
29 15
30 15
31 15

3. CORRECTING SPT BLOW COUNTS TO Ng¢o VALUES
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The Standard Penetration Test (SPT) is not fully standardized with respect to all factors influencing its results.
The raw blow count (N) obtained from the test is typically adjusted to account for variations in equipment,
procedures, and site conditions. One of the most widely applied corrections involves normalizing the measured
blow count to an equivalent value corresponding to 60% hammer energy efficiency, denoted as Neo. The
parameter Neo represents the number of blows required to achieve penetration when the effective energy
delivered to the sampler is 60% of the theoretical free-fall hammer energy. This normalization ensures greater
consistency and comparability of SPT results across different projects and testing conditions. The correction
is performed using Equation (2) [22]:

Ngo = N XMy X Ng X Ng X 1/60 (2)

Where

N = measured SPT blow count,

nu = hammer efficiency (%), see Table 4.

ns = correction for borehole diameter, see Table 4.
ns = sampler correction, see Table 5.

nRr = correction for rod length, see Table 5.

The Standard Penetration Test (SPT) offers several advantages that contribute to its widespread use in
geotechnical investigations. First, it allows for the retrieval of representative soil samples, which can
subsequently be subjected to detailed laboratory testing to determine index and engineering properties.
Second, the boreholes created during the SPT procedure can serve as access points for conducting additional
in-situ tests, such as the vane shear test or permeability measurements. Moreover, the SPT is capable of
penetrating dense granular soils, where other sampling methods may encounter difficulties. Finally, the
simplicity of the equipment, the relatively low cost, and the wide availability of both the apparatus and trained
personnel make the SPT one of the most practical and versatile field tests in geotechnical engineering.

Table 4. Correction factors nn and ns in the United States.

Hammer type Hammer release (%) Borehole diameter ”m

Safety hammer Rope and pulley 60 60 - 120 mm 1.0

Donut hammer Rope and pulley 45 150 mm 1.05
Automatic Trip 73 200 mm 1.15

Table 5. Correction factors s and nr in the United States.

Samplers 75 Rod length R

Standard sampler without liner (not recommended) 1.2 >10m 1.0
Standard sampler 1.0 6-10m 0.95
With liner for dense sand and clay 0.8 4-6m 0.85
With liner for loose sand 0.9 0-4m 0.75

4. VANE SHEAR TESTS

Field vane shear tests were conducted to determine both the peak and remolded undrained shear strengths
of clay soils. The testing apparatus consists of a lower vane borer and shoe, the vane itself, extension rods,
and a hand-operated torque readout device. The instrument can accommodate two different vane sizes 19
mm and 33 mm in width each having four rectangular blades. The peak undrained shear strength, Suvane, was
calculated following the standard interpretation method for a rectangular-bladed vane with a height-to-diameter
ratio of 2:1.

Su,,,e = 6T/7nD3 (3)

In the equation, T represents the maximum recorded torque, and D is the diameter of the blade. This
interpretation assumes that the soil shears as a cylinder, with shear stress distributed uniformly across the
horizontal planes at the top and bottom of the vane, as well as along the vertical plane defined by the vane’s
perimeter. The same formula was applied to determine the remolded undrained shear strength, Suvane using
the torque measured after remolding the soil.

Das [23] indicated that fairly reliable estimates of the undrained shear strength (=0 concept) for very soft
to medium cohesive soils can be obtained directly from vane shear tests. In this study, the in-situ shear vane
apparatus used had diameters of 19 mm and 33 mm. Since the project primarily involved medium-consistency
soil samples, the tests were performed within the sampling tubes to minimize disturbance and preserve the
natural soil structure. However, Bjerrum [24] demonstrated that as the plasticity of soils increases, the
undrained shear strength (cu) obtained from vane shear tests may overestimate the actual soil strength,
potentially leading to unsafe design values for foundations. Consequently, the measured cuc_ucu values must
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be adjusted using correction factors. Following this, Morris and Williams [25] proposed the following correction
formula:

Cu,design = Cr X Cyyane (4)

Where
Cr = Correction factor = 1.18 e %% (PI) + 0.57 forPI > 5
PI = Plasticity index

Based on the results of Standard Penetration Tests (SPT) conducted in the study area, and after applying
necessary corrections for factors such as hammer energy efficiency, overburden pressure, and groundwater
conditions, an empirical correlation was developed to estimate the undrained shear strength of the soil. This
proposed equation provides a practical means of relating the corrected SPT values to the undrained shear
strength (cu.design) Obtained from vane shear tests. The correlation is designed to enhance the reliability of soil
strength characterization, particularly in regions where direct measurements of shear strength are limited or
unavailable. By establishing this relationship, the equation serves as a useful tool for preliminary geotechnical
design and assessment, allowing engineers to quickly estimate shear strength values from routine SPT data.
The proposed expression is presented as follows:

Cu,design = 10.98 X Ngo + 10.99 (5)

The variation of the corrected undrained shear strength (cu,design) with depth and with SPT blow count is
presented in Figures 1 and 2, respectively. As expected, the results show a general trend of increasing shear
strength with depth, which reflects the influence of overburden pressure, effective stress, and progressive
consolidation on soil behavior. Deeper soil strata typically experience greater confining stresses, leading to
reduced void ratios and higher resistance to shear deformation. Similarly, the positive correlation observed
between cugesign and the corrected SPT values (Neo) indicates that soils exhibiting higher penetration
resistance tend to develop greater undrained shear strength. This relationship is practically significant because
it demonstrates the potential of using SPT data, which is widely available from routine site investigations, to
provide preliminary estimates of soil strength without the need for more complex or costly testing.

However, the coefficients of determination R?>=0.5782 for depth and R?=0.5893 for Neo suggest only
moderate levels of correlation. This indicates that while depth and SPT blow counts are important contributing
factors, they alone cannot fully explain the variability in undrained shear strength. Other influences, such as
soil plasticity, natural variability in mineralogical composition, depositional environment, and the presence or
fluctuation of the groundwater table, introduce additional scatter in the data. For instance, soils with a higher
plasticity index may exhibit lower shear strength values for the same penetration resistance due to their
reduced stiffness and higher compressibility. Similarly, local heterogeneity such as thin soft layers or lenses
of silty material within otherwise stronger clay can weaken the overall soil response. Therefore, while the
correlations obtained provide valuable first-order estimations, they should be applied with caution and ideally
supplemented with in-situ tests such as field vane shear or cone penetration tests, as well as laboratory
measurements (e.g., UU or triaxial tests). Incorporating multiple sources of data not only improves the reliability
of site characterization but also reduces the risk of under- or overestimating soil strength parameters in
geotechnical design.

cu,desi n (kPa)
0 20 20 60 80

0 1 1 s 1

Depth (m)
w

y =0.0023x2 - 0.2305x + 7.5231
5 e R2=0.5782

Figure 1. Variation of undrained vane shear strength with depth.
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Figure 2. Variation of undrained vane shear strength with SPT value.

5. TEST RESULTS AND CALCULATIONS

In this study, the calculations and correlations were developed using simple regression analysis in Microsoft
Excel to process the collected field and laboratory data. Linear regression was employed to quantify the
relationships between the dependent variable, the undrained shear strength (cu), and independent variables,
primarily the corrected Standard Penetration Test (SPT) blow counts (Neo) and other relevant soil parameters.
The coefficient of determination (R?) was used as the main criterion to evaluate the quality of the fit, indicating
how well the regression model explains the variability of the observed data. A higher R? value suggests a
stronger correlation and provides confidence in using the resulting equation for predictive purposes. The
corrected undrained shear strength values (cu.design) were also compared with estimates obtained from existing
empirical equations in the literature, as summarized in Table 6. This comparison allows for a critical evaluation
of the applicability of previous correlations to the local soil conditions in southern Irag, where the soils are
generally fine-grained, soft to medium in consistency, and exhibit a wide range of plasticity. By assessing these
variations, the study highlights potential discrepancies and limitations of generalized correlations, particularly
for soils with high plasticity or low density, which may not be adequately represented in standard equations.

While regression-based correlations provide a practical tool for estimating soil strength, several factors may
influence their accuracy. For instance, SPT results can be affected by hammer energy variations, borehole
diameter, rod length, operator technique, and the presence of groundwater. Even after corrections, these
factors introduce uncertainties that can propagate through the regression model. Similarly, vane shear tests,
while useful for fine-grained soils, may underestimate or overestimate undrained shear strength depending on
soil disturbance, plasticity, and scale effects. These uncertainties underscore the importance of interpreting
regression-derived correlations with caution and considering them as part of a broader geotechnical
assessment rather than as absolute values. Developing site-specific correlations provides practical
advantages. Engineers can estimate undrained shear strength quickly from routine SPT results without
extensive laboratory testing, reducing costs and time requirements. These correlations also support
preliminary foundation design, load assessment, and risk evaluation, particularly in areas where direct
measurements such as unconfined compressive strength (UCS) or laboratory UU tests are limited. By
combining corrected in-situ test data with regression analysis, the approach enhances the reliability of soil
strength characterization and helps mitigate risks associated with soil heterogeneity.

For future research, integrating additional soil properties such as plasticity index, moisture content, and
bulk density into regression models could improve predictive accuracy. Moreover, advanced machine learning
techniques, such as artificial neural networks or ensemble methods, could be employed to capture non-linear
relationships between SPT values and undrained shear strength. Validation of correlations through field load
tests or additional laboratory testing would further enhance their credibility. Finally, expanding the study to
include a wider range of soil types and stratigraphy could provide more generalizable models applicable to
other regions with similar geotechnical conditions. Overall, the study demonstrates that combining corrected
SPT data with regression analysis provides a valuable, efficient, and practical framework for estimating
undrained shear strength of fine-grained soils in southern Iraq, while also acknowledging the inherent
uncertainties and opportunities for methodological improvements in future work.

Table 6. Variation of cu and SPT test results with depth.
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c ted Cu,design (kPa)
BH | Depth, Slg;'r?/:Iie Vane Stroud | Terzaghi | Decourt | Nassaji and Proposed Eq. 5
No. m N-value shear test [8] and Peck [6] [18] Kalantari [21] Cu =7.6884Neo
Eq. 4 cu=5N | cu=6.25N | c,=15N6o0 | cu=2.1Neo+ 17.6 +11.506

1 1 5 41.56 25 31.25 75 28.1 47.15
3.5 2 30.58 10 12.5 30 21.8 28.20
2 3 1 194 5 6.25 15 19.7 21.88
3 1.5 3 42.03 15 18.75 45 23.9 34.51
3.5 2 194 10 12.5 30 21.8 28.20
4 3 1 32.33 5 6.25 15 19.7 21.88
5 1 3 4472 15 18.75 45 23.9 34.51
3.5 1 26.5 5 6.25 15 19.7 21.88
6 1.5 4 51.73 20 25 60 26 40.83
3 5 48.49 25 31.25 75 28.1 47.15
7 1.5 4 48.49 20 25 60 26 40.83
3.5 2 24.25 10 12.5 30 21.8 28.20
8 1 5 47.29 25 31.25 75 28.1 47.15
3.5 1 25.86 5 6.25 15 19.7 21.88
9 3.5 1 194 5 6.25 15 19.7 21.88
10 1.5 2 42.03 10 12.5 30 21.8 28.20
3.5 3 25.86 15 18.75 45 23.9 34.51
11 1 2 37.92 10 12.5 30 21.8 28.20
3.5 4 28.44 20 25 60 26 40.83
12 1.5 5 43 25 31.25 75 28.1 47.15
3.5 1 34 5 6.25 15 19.7 21.88
13 2.5 3 26 15 18.75 45 23.9 34.51
14 2.25 3 30 15 18.75 45 23.9 34.51
15 2.25 4 36 20 25 60 26 40.83
16 4.75 3 19 15 18.75 45 23.9 34.51
17 4.75 2 17 10 12.5 30 21.8 28.20
18 0.75 4 35 20 25 60 26 40.83
19 3.25 3 19 15 18.75 45 23.9 34.51
20 1.25 7 70 35 43.75 105 32.3 59.78
4.25 1 11 5 6.25 15 19.7 21.88
21 3.25 3 30 15 18.75 45 23.9 34.51
22 2.50 5 64 25 31.25 75 28.1 47.15
23 3.25 2 20 10 12.5 30 21.8 28.20
24 1.50 3 45 15 18.75 45 23.9 34.51
25 2.75 5 34 25 31.25 75 28.1 47.15
26 3.25 6 72 30 37.5 90 30.2 53.47
27 3.50 5 73 25 31.25 75 28.1 47.15
28 3.00 7 78 35 43.75 105 32.3 59.78
29 5.50 2 16 10 12.5 30 21.8 28.20
30 3.50 3 38 15 18.75 45 23.9 34.51
31 3.00 5 28 25 31.25 75 28.1 47.15

The variation of undrained shear strength estimated using different empirical correlations those proposed
by Decourt [18], Stroud [8], Terzaghi and Peck [6], Nassaji and Kalantari [21], along with the proposed Equation
(5) is shown in Figures 3 and 4. The comparison highlights that these correlations do not yield identical results,
as each was developed under different soil conditions and geotechnical environments. Among the examined
formulas, the proposed Equation (5) demonstrates the closest agreement with the field vane shear test results,
suggesting that it better reflects the specific soil characteristics of the study area. In contrast, some of the
existing correlations either overestimate or underestimate cu, emphasizing the need for localized calibration
when applying empirical methods. Overall, these findings highlight the value of developing site-specific
correlations for geotechnical design. While SPT-based methods provide a practical and widely accessible
approach to estimating undrained shear strength, the variability among existing correlations reinforces the
importance of validating these predictions with in-situ testing (e.g., vane shear) or laboratory measurements.
By integrating both empirical and site-specific approaches, engineers can achieve more reliable soil strength
characterization, ultimately improving the safety and efficiency of foundation design.
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Figure 3. Comparison of undrained shear strength calculated using Eq. 5 with those calculated by previous

proposed correlations.
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Figure 4. Correlation between the undrained shear strength of soil calculated using several proposed

models.

6. CONCLUSIONS

Due to the unavailability of equipment and also financial and time limitations in a project, in many
cases, a relationship 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
could be estimated from the in-situ tests such as standard penetration test (SPT).

The result of vane tests in all fields of top layer strata showed that the undrained shear strength is
arranged between (11.0 - 112.0) kPa in the site for depths ranged between (1.00 — 3.50) meters, it is
practically distinguished soft to very soft in consistency.

The correlations were developed using simple regression analysis from Excel software for obtaining
data from the sites which was adopted in this study, and comparing the results of current proposed
correlations with previous proposed correlations from other approaches of Terzaghi and Peck [6],
Stroud [8], Decourt [18], and Nassaji and Kalantari [21].

The proposed correlation in this research Eq. 5 is suitable to use for the formation of soft to very soft
crust layer, which is distributed in Basrah province in Iraq. The R- square value for the above proposed
linear correlation equal to 0.5893.
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