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ABSTRACT: This study presents the results of the bearing capacity variation for the shallow foundation from
field tests (SPT test) and laboratory tests. Site investigation and geotechnical evaluation for soils Nasiriyah,
Irag. The main purpose of this study is to determine the surface and subsurface conditions with the physical,
mechanical and chemical properties of the encountered materials in order to provide recommendations for
design and construction of the proposed project foundations. Two types of samples were taken (disturbed and
undisturbed samples) for laboratory testing. Laboratory tests were performed on the recovered samples in order
to identify the physical, mechanical and chemical properties of the encountered materials. Classification and
index tests: moisture content, Atterberg limits, particle size distribution, and specific gravity are carried out to
classify the soils. Strength tests: Triaxial (Unconsolidated Undrained UU) and unconfined compression
strength (UCS) test to evaluate the cohesion of the soil, c. In addition, chemical tests: pH, sulfate, chloride,
TDS, EC and organic matter are carried out. The results showed that the measured bearing capacity depending
on the UCS test and Triaxial UU tests data is more reliable than the measured bearing capacity depending on
the SPT test date. The estimated value for cohesion, ¢ by eq.2 is very high and does not represent the actual
value especially in clayey soils. The increase in fine material (clay and silt) content decreases the N value.
While the increase in the course material (sand and gravel) content increases the N value. Moreover, the
increase in the soil sample water content decreases the N value.
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1. INTRODUCTION correlation suggested by Terzaghi, Peck, et al. [11]
between the soil cohesion, ¢, and the corrected N
Estimating of soil bearing capacity from the value by calculating the soil bearing capacity.
field tests are easier and more economic. In
particular, the Standard Penetration Test (SPT test) 2. SITE LOCATION AND DESCRIPTION
could provide enough information about soil
strength in some cases [1]. In the designing of The soil samples were taken from a flat plain
foundations and earth structural buildings, the area located in Nasiriyah city southeastern Irag. In
Reliability of the Bearing-Capacity data will play an this study, eighteen (18) boreholes (BH-01 through
important role [2]. Therefore, most of the designers BH-18) were drilled. The boreholes were drilled to
are preferred to calculate the soil bearing capacity approximate depths ranging from 6.0 to 15.0m
by many methods and preferred laboratory- below the existing ground surface with a total
measured soil parameters. However, the field tests drilled depth of 167.0 m. Drilling was executed with
like SPT test are more common in most of site the aid of one rig, using the rotary air flush drilling
investigation works. The data taken from the SPT technique. After logging and sampling were
tests are varied widely depending on the soil type completed, the boreholes were backfilled and
[3]. Many researchers previously have correlated a compacted to ground level using the excavated soil.
number of blows (N value) of SPT test for Samples were obtained from the boreholes for
estimating bearing capacity, relative density and laboratory testing and geological description
friction angle of the soil [4-6]. The conventional purposes.
method of calculating soil bearing capacity is
mainly depending on the soil parameters (i.e. 3. Testing Procedure
friction angle and cohesion). In addition to the
conventional method, soil bearing capacity can be Two types of samples were taken (disturbed and
calculated directly from field tests which called in- undisturbed samples) for laboratory testing.
situ method [7]. Many correlations between N value Undisturbed samples of cohesive soil were
and mechanical properties of the soil are suggested retrieved from the boreholes using thin-tube
and developed by many types of research [8-10]. ‘Shelby” samplers (77mm OD & 73mm ID and
This paper presents a verification about the 60mm length), in accordance with ASTM D 1587-
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08 (Standard Practice of Thin-Walled Tube
Sampling of Soils for Geotechnical Purposes). The
ends of the tube were properly sealed by wax to
maintain the natural moisture content. These
samples were obtained to perform triaxial and
unconfined compression tests in the laboratory.
Disturbed samples were retrieved from the inside of
split spoon samplers after each Standard
Penetration Test (SPT). The recovered samples
were visually described and placed in watertight
plastic bags to maintain the moisture content. Solid
stem auger drilling techniques (SSA) were used at
intervals where no undisturbed samples or SPTs
were performed. Additional disturbed samples were
obtained during this process. The recovered
samples were examined, visually described in
accordance with appropriate standards (BS 5930;
ASTM D2488). The samples were placed in
waterproof plastic bags before being placed in
wooden boxes to maintain their natural water
content.

3.1 Laboratory Testing

Laboratory tests were performed on the
recovered samples in order to identify the physical,
mechanical and chemical properties of the
encountered materials. The following laboratory
tests were selected and performed on selected
samples:

. Classification and index tests: moisture
content, Atterberg limits, particle size distribution,
and specific gravity.

. Strength tests: Triaxial (Unconsolidated
Undrained UU) and unconfined compression
strength (UCS) test.

. Chemical tests: pH, sulfate, chloride, TDS,
EC and organic matter.

The tests were performed according to the
relevant American Society for Testing and
Materials (ASTM) Standards and/or British
Standards (BS). The tests were divided into two
main tests: classification & index and strength tests.
Classification and index tests were performed on
soil samples retrieved from different depths. The
tests included moisture content, specific gravity,
Atterberg limits, and grains size distribution (sieve
analysis and sedimentation using hydrometer) were
carried out according to ASTM D 2216-05, D 854-
06, D 4318-10, and D 422-63 (2007). The results of
these tests at the specified depth are as provided in
Table 1. compressive strength tests were conducted
on recovered cores samples. In this test, a
cylindrical specimen of the soil is loaded axially,
without any lateral confinement to the specimen to
obtain an approximate estimation of unconfined
compressive strength of cohesive specimens in
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accordance with ASTM D 2166-06. The maximum
stress “gun”” measured at failure is equal to two times
the undrained shear strength (S,). Also,
unconsolidated undrained (UU) triaxial
compression tests were carried out on the soft soil
samples in accordance with ASTM D2850-03a
(2007). The purpose of this test is to determine the
undrained shear strength (S,) and stress-strain
relationships of confined samples. The saturated
cohesive soil specimen was sheared without
drainage, since pore pressure is not allowed to
dissipate, at a constant rate of axial deformation
(strain controlled). The failure envelop for the total
stress Mohr’s circles becomes a horizontal line and
therefore, the test results should be interpreted using
the ®=0 concept where the cohesive will be equal
to the undrained strength c= S, and is equal to the
radius of the Mohr’s circles. In this test, three
confining pressures 0.25, 0.5 and 1 kg/cm2 were
utilized to determine Sy with the aid of Mohr
strength envelop. Moreover, to assess the
corrosiveness of the ground materials to
underground utilities, several chemical analyses
were performed on some soil samples as shown in
Table 2.

3.2 In-Situ Testing

Standard Penetration Testing (SPT) was performed
in all the drilled boreholes at different in all the
encountered materials to obtain approximate
dynamic resistance of the ground materials. The
tests were performed in accordance with ASTM D
1586-08a. The SPT equipment used in this project
consisted of auto-trip hammers (63.5kg weight) and
45.0cm long split tube (5.0cm diameter) with free
fall for the hammer of 76.0 cm.

4. RESULTS AND DISCUSSION

4.1 SPT Results

The SPT results are shown in Fig.1 (Logs of
Boreholes). It is shown that the value of the blow
count fluctuates with a depth of boreholes. Different
values of blow count for each borehole was noted.
The blow count from the standard penetration test is
used for calculating the value of cohesion (c), from
the following relation [11]:

()

Where N corrected is the lowest average
corrected value for the silty clay layer. Due to the
presence of groundwater at shallow depth and
possibility of punching shear, effective strength
parameters shall be used. Therefore, the
recommended cohesion value of ¢' =0.67xc, shall
be considered in bearing capacity computing.

€ = 6N orrected
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Table 1 Results of the Classification and Index Tests

BH- Depth Water Atterberg Limits N Grain Size Distribution Expansiveness
No. m) Content, LL PL Pl Plasticity G S M C Potential
% () (%) (%) () (%) () (%)
0.0-1.0 2.60 23.1 17.3 5.8 Low 49.1 36.0 10.7 4.2 Low
BH- 2.5-3.0 28.50 437 217 220 Medium 0.0 7.6 49.7 427 Med.
01 3.0-4.0 30.48 43.4 21.4 22.0 Medium 0.0 111 42.8 46.1 Low
5.5-6.0 43.71 62.7 28.8 33.9 High 0.0 15 315 67.0 Med.
0.0-1.0 17.89 35.4 21.8 13.6 Medium 16.0 26.1 35.0 22.9 Med.
BH- 1.0-25 25.84 38.2 20.5 17.8 Medium 0.0 11.6 48.7 39.7 Low
02 3.5-4.0 33.08 474 240 235 Medium 0.0 5.4 442 504 Low
45-5.0 36.82 453 206 247 Medium 0.0 6.0 413 527 Low
BH- 0.0-1.0 12.69 46.4 22.0 24.5 Medium 175 32.2 19.2 31.2 High
03 4.5-5.0 29.20 37.6 18.3 19.3 Medium 0.0 20.9 33.6 45.5 Low
5.0-5.5 23.14 36.6 23.1 135 Medium 0.0 7.9 70.9 21.2 Med.
BH- 0.0-1.0 20.62 436 204 232 Medium 0.6 6.1 463 470 Low
04 5.5-6.0 35.46 576 252 322 High 0.0 2.0 363 617 Med.
BH- 0.0-1.0 25.43 37.7 20.7 17.0 Medium 0.0 3.1 58.3 38.7 Low
05 15-2.0 30.35 65.0 25.7 39.2 High 0.0 1.2 22.3 76.5 Med.
BH- 8.5-9.0 36.65 544 244 300 High 0.0 35 376 589 Med.
06 14.5-15 22.55 NP NP NP NP 0.0 71.1 131 15.8 Med.
E:; 2.5-3.0 21.30 61.7 25.3 36.4 High 0.0 1.8 29.9 68.3 Med.
BH- 0.0-1.0 24.87 38.4 19.6 18.8 Medium 0.0 4.1 54.8 41.1 Low
08 5.5-6.0 32.19 658 284 374 High 0.0 2.4 238 738 Med.
BH- 0.0-0.5 22.94 48.4 23.8 24.6 Medium 15 2.9 50.3 453 Med.
09 8.0-8.5 35.68 655 265  39.0 High 0.0 0.9 317 674 Med.
BH- 0.0-1.0 3.00 347 188 159 Low 651 229 4.4 7.6 Low
10 2.0-25 26.89 47.0 22.3 24.7 Medium 0.0 9.5 56.8 33.8 High
0.0-1.0 8.52 32.3 195 12.7 Low 20.9 43.1 16.5 19.4 Med.
BH- 2.5-3.0 26.45 60.7 26.3 34.4 High 0.0 1.6 22.2 76.2 Low
1 5.5-6.0 35.63 534 260 274 High 0.0 4.0 153  80.0 Low
7.5-8.0 32.28 637 260 377 High 0.0 0.9 165 827 Low
9.0-9.5 33.15 45.1 22.0 23.1 Medium 0.3 9.8 45.7 44.1 Med.
0.0-1.0 8.96 30.3 21.2 9.1 Low 35.7 44.0 8.6 11.7 Low
BH- 4.0-5.0 22.79 38.3 24.4 14.0 Medium 0.0 24 31.8 65.8 Low
12 8.5-9.5 23.43 51.9 26.7 25.2 High 0.0 9.7 38.5 51.9 Low
9.5-10 35.46 622 245 376 High 0.0 13 311 676 Med.
BH- 2.5-3.0 25.62 454 198 256 Medium 0.0 213 401 386 High
13 8.0-9.5 28.54 60.7 25.3 35.3 High 0.0 1.3 21.9 76.8 Low
0.0-1.0 8.22 35.2 18.6 16.7 Medium 36.2 38.5 8.7 16.7 Med.
BH- 14-15 27.41 NP NP NP NP 0.0 46.9 425 10.6 Low
14 3.5-4.5 29.74 63.0 24.2 38.8 High 0.0 5.8 24.7 69.5 Med.
7.5-8.0 33.02 609 278 332 High 0.0 7.4 251 675 Low
BH- 0.0-1.0 5.71 42.2 21.1 21.1 Medium 49.8 33.9 7.3 9.0 Low
15 2.5-3.0 28.46 39.4 23.5 15.9 Medium 0.0 24 59.5 38.1 Low
6.5-7.0 37.71 58.0 27.4 30.6 High 0.0 34 43.1 53.3 Med.
BH 0.0-0.5 18.64 41.4 225 18.8 Medium 14 3.7 70.1 249 Med.
16_ 2.0-25 28.87 552 248 304 High 0.0 7.6 445 479 High
9.5-10 3271 395 206 189 Medium 0.0 7.9 450 470 Low
BH- 0.0-1.0 18.17 48.4 22.5 25.9 Medium 0.0 0.9 54.9 44.2 Med.
17 45-55 30.59 60.7 26.3 34.4 High 0.0 1.7 315 66.8 Med.
0.0-1.0 215 43.6 22.2 21.7 Medium 0.0 3.1 515 453 Low
?—8' 3.0-4.0 28.35 62.2 26.4 35.8 High 0.0 1.3 48.3 50.4 Very High
8.5-9.5 35.33 50.2 22.5 27.7 High 0.0 8.4 36.9 54.7 Med.
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Table 2 Some Chemical Test Results for the Soil Samples

Water Soluble

BH-No Depth Sulfate Sulfate Chloride Organic pH
(m) Matter (%) Value
SO3 (%) S04 (%) Cl (%)
B0l 0.0-15 0.742 0.890 0.397 3.26 78
5.5-6.0 0.851 1021 0.263 198 8.1
B0 0.0-L0 0.951 1141 0.263 352 8
10-25 0.922 1106 0.702 331 8
BH-03 2530 0.849 1019 0.191 1.99 7.8
BH-06 8.5-9.0 0.682 0.818 0.688 286 85
BH-07 2535 0.846 1015 1.085 0.00 70
BH-10 0.0-L.0 0.678 0.814 0.212 124 76
Bl 0.0-L.0 0.912 1.004 0.142 231 8.3
5.5-6.0 0.889 1.067 0.603 411 8.1
BH-13 2535 0.792 0.950 0.397 3.39 8.0
B 6.0-6.5 0.925 1110 0.567 358 7.9
75-8.0 0.632 0.758 0.603 3.04 8.1
BH-15 0.0-L.0 0.954 1.145 0.687 0.00 8.7
BH-16 2.0-25 0.998 1198 0.588 251 7.9
BH-17 0.0-L0 0.921 1.105 0.681 188 78
BH-18 3.0-40 0.675 0.810 0.638 3.09 78
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Fig.1 Graphical Illustration of SPT Results

4.2 Unconfined Compressive Strength

The following equation was used to calculate the
cohesion values from the unconfined compressive
strength test results [12]:

c=5, =

©)

Where c is the cohesion, which is equal to the
undrained shear strength (Su), qun is the unconfined
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compressive strength, qun = 75 kPa (Average
value). The unconfined compressive strength test
results of some soil samples are shown in table 3.
The maximum stress “gun” measured at failure is
equal to two times the undrained shear strength
(Su). The reliability of this test decreases with
respect to increasing sampling depth because the
sample tends to swell after sampling resulting in
greater particle separation and reduce shear
strength.

4.3 Triaxial (UU) Test Results

In this test, three confining pressures 0.25, 0.5
and 1 kg/cm2 were utilized to determine Sy with the
aid of Mohr strength envelop are as summarized in
Table 4.

5. BEARING CAPACITY

The ultimate bearing capacity was calculated
based on the results of the lab unconfined
compressive strength tests, using modified
Terzaghi’s bearing capacity equation
(modifications provided by Vesic) which is
presented as follows [13]:

Quit = CN;s.d, + qNgsq,d, +

4
0.5yB'N,s,d, @

Tnetutt = Quit — 94 5)
Where qur and Qnewtt are ultimate bearing
capacities and net ultimate bearing capacities,
respectively. ¢ is the cohesion. N¢, Ng & Ny are
bearing capacity factors, S¢, Sq & Sy are shape
factors, d¢, dq & dy are depth factors, B is the
foundation width (m), q is the effective overburden
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pressure, from the relation: @ = y*D, y is bulk

density of the overburden, D is height of

overburden. For quick failure (® = 0); the following
values should be used:

e Bearing capacity factor, which is equal to:
N.=5.14,N, =2(N,+1)tan ¢ =
0,N,=1

e  Shape factor, which is equal to:

S.=1.0+ <N"/NC> x(B/y). s, =1- @
0-4(B/L)'Sq =1
e Depth factor, which is equal to:
d.=1+0.40/g)for P/p <1
=1+0.4tan"(D/g) for D/
>1,d,=1d,=1
In this case, the net ultimate bearing capacity is:

(6)

®)

qnetult = 5. 14’ c SCdC (9)

Figure 2 shows the value of bearing capacity
calculated by SPT tests, unconfined compression
tests, and triaxial unconsolidated undrained tests.
The results show that the measured bearing capacity
by unconfined compression test and triaxial
unconsolidated undrained tests in some cases are
close to each other. While the measured bearing
capacity by SPT tests is far away from the measured
bearing capacity by unconfined compression tests,
and triaxial unconsolidated undrained tests. In
general, the values of the measured bearing capacity
by SPT tests are very high, fluctuated and uncertain
[14].

Table 3 Unconfined Compressive Strength Test Results

Unconfined Undrained
BH-No. Depth (m) Soil Type Water Content Bulk Density Compressive Shear Strength
(%) (g/cm3) Strength qun S, (kPa)
(kPa) !
BH-03 5.0-5.5 Silty Clay 35.33 1.88 26 13
BH-05 2.0-2.5 Silty Clay 25.62 1.97 56 28
BH-06 3.5-4.0 Silty Clay 33.02 1.9 74 37
BH-08 4.0-45 Silty Clay 24.39 2.16 107 53.5
BH-09 6.5-7.0 Silty Clay 38.2 1.86 27 135
BH-10 5.0-5.5 Silty Clay 40 2.02 14 7
BH-13 2.5-3.0 Silty Clay 38.58 1.85 33 16.5
BH-14 7.5-8.0 Silty Clay 3421 1.87 175 87.5
BH-16 5.0-5.5 Silty Clay 26.92 2.06 44 22
BH-17 5.0-5.5 Silty Clay 23 2 152 76
Table 4 Undrained Strength Results Obtained from Some Triaxial (UU) Test
BH-No. Depth (m) Soil Type Undralnesd S(rlli)aar) Strength
BH-08 4.0-4.5 Silty Clay 17.06
BH-10 5.0-5.5 Silty Clay 9.7
BH-09 6.5-7.0 Silty Clay 42.43
BH-14 7.5-8.0 Silty Clay 40.48
o 1200 SPT Test ®=mUCS Test mTriaxial (UU) Test
§ 1000 The variation or the difference in between the
X - .
> 800 calculate'd bearln.g capacity frorp the laboratory data
g 600 and the field or site data can be interpreted as shown
3] in the subsequent paragraphs.
2 400
8 200 I I The results showed that the increase in the clay
z | | content decreases the N value significantly (Fig.3).
4.25 5.25 6.75 7.75 Also, similar behavior was noted when increasing
Depth, m the silt content, the N value decreased (Fig.4).

Fig.2 Soil bearing capacity vs. depth calculated
using SPT, UCS, and Triaxial (UU) tests

112

While increasing the sand and gravel content causes
to increase the N value (Figs. 5 and 6). Similar
behavior was noted by Liang, Cao et al. [15].
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Fig.6 SPT value vs. gravel content
This behavior indicates that the N value gives valid
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information in soils content high quantity of silt or
clay due to the lower friction values between the
clayey or silt and the SPT tube in which the values
of N decreased as well. On the other hand, the high-
water content of soil samples decreases the friction
between the SPT tube and the clayey or silty soil
samples more. Which in turn decrease the N values
(Fig. 7). Therefore, the previously mentioned
correlation between the soil cohesion, ¢ and the
corrected N Value in equation 2 should be adjusted
to decrease the error in calculating the bearing
capacity.

60

50 ¢
° o .
© 40 o3
2 oy °
g 30 .'. ............ ’.... ‘:
Z 20 L L PP )
P %
" . & o
0 10 20 30 40 50

Water Content, %
Fig.7 SPT value vs. soil samples water content

Moreover, it noted that the soil plasticity
index has a slight effect on the N value. The effect
of plasticity index on the SPT values is shown in
figure 8. Its shown that different N values for
different plasticity index values distributed
randomly. This behavior possibly due to that water
content of the natural soil sample was varied, which
in turn leads to giving random values for N in SPT
test.
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.. ° [ ) °
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Fig.8 SPT value vs. plasticity index

3. CONCLUSION

Experimental research on the variation of the
calculated bearing capacity from field test (SPT
Test) and laboratory tests (UCS and Triaxial UU)
were evaluated. From the analysis of experimental
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data, some outcomes were derived. The measured
bearing capacity depending on the UCS test and
Triaxial UU test is close to each other in some
points. The measured bearing capacity depending
on the SPT test is higher than laboratory tests. The
estimated value for cohesion, ¢ by Terzaghi, Peck,
et al. 1996 (eq.2) is very high and does not represent
the actual value especially in clayey soils. The
increase in clay and silt content decreases the N
value. While the increase in the sand and gravel
content increases the N value. Moreover, the
increase in the soil sample water content decreases
the N value.
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