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Abstract

The physical, chemical and engineering properties of soil had been carried out to
evaluate the characteristics of Sehan and Al-bhar soil sites and their suitability for setting
up Shatt Al-Arab spillway. Four boreholes drilled by Al-Ma'awal Company for soil
investigation with depths ranging between (1- 40) m. The laboratory tests results for soil
samples had been obtained from drilled boreholes showed that the soil in two sites divided
in to several layers : 1%t layer is a soft sandy silty clay soil (CH) with fill material from (0.0-
1m) which should removal through building. 2" layer is a very stiff sandy silty clay soil
(CH) high density (1.78-1.81) gm/cm?® with bearing capacity (ga) ranged between (11- 41
T/m?) in two study sites at depths (1 to 5, 6.5 m) this layer is suitable for light loads of
Shallow foundation. 3" layer is a soft to medium stiff silty sandy clay soil (CH, CL)
medium to high density (1.77-1.87) gm/cm? with ga ranged between (2-9T/m?) at (6, 7 to
18m) depths which unsubtle for foundation because of high water content (28-30%)
and high range of clay that led to settlement with time. Fourth layer is a very stiff [silty
sandy clay soil (CL, CH)] to hard [silty sand soil (SW, SP)] with ga ranged between (12-
40 T/m?) at (20 to 40 m) depths because increase the bulk density (1.84-2.12) gm/cm3 with
depth as a result to compaction or a static load with appears dense silty sand strata this
layer is suitable for heavy loads of deep foundation such as spillway structure. The results
of chemical tests shows fluctuation in behavior through depths where the values of (SOs,
T.S.S, CaCO3) shows increasing with depth and exceeded on permitted limits that need
improvement, while the values of (Gyp, CL, O.M, pH) shows changing between increasing

and reducing under normal levels with depths.
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1. Introduction

Spillway is a structure controls the amount of potable water passing from the Shatt al-Arab
to a shallow water reservoir. Two different locations adjacent to Shatt al-Arab had been studied in
Basrah province southeast of Irag. First site were chosen in Sehan area (N:
30.31277217 E: 48.21716100) about 50 km from the Basra city. Second site in Albhar area (N:
30.116170 E: 48.3799060) 30 km far away from Sehan site, as shown in figure (1).
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Fig (1) Map of study sites

Quaternary deposits from Pleistocene period — modern formed Mesopotamian plain zones in
Irag [1]. Deposition in this period of Al-Dibdibba Formation that composed of sand and gravel
with igneous origin [2]. Then marine sediments Al-Hammar Formation which lower segment
consists of the sand and silt and clay mixture with shells represent top segment [3]. The Site soil
comprised mainly from the cohesive deposits of Tigris, Karun and Shat Al-Arab rivers. The nature
of these alluvial clayey sediments. The importance of Quaternary deposits being abase underpins
a shallow and deep foundations to various buildings and engineering constructions in Basra city

and a source of many Groundwater Aquifers [4].
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3. Methodology

This research included studying the physical, engineering, and chemical properties of the

study area soil by dividing the work into two main phases:

Reconnaissance investigation: Study sites are selected in three different locations adjacent to

Shatt al-Arab, in province of Basra after detailed map study to Shatt al-Arab course. The location

of the selected sites is believed to be suitable for a proposed spillway construction.

Site investigation: four boreholes were drilled by rotary drilling method according to the

American Society for Testing [5] specifications. A mechanical (Flight Auger) type with a diameter

of (10 cm) digs into the earth. The total depths of drilling reached to (40 m) from the surface of

the natural earth (NGS). Physical, engineering and chemical properties were tested at each site.

Field and Laboratory work were carried out by Al-Ma'awal Company for soil investigation as

below:

1- Physical Properties of Soil
e Grain Size Analysis
e Atterberg limits
e Clay activity (C.A)

2- Engineering Properties of soils
e Standard penetration test (SPT)
e Settlement test.

3- Chemical Properties of soil
e Sulfite content (SO3)
e Gypsum content (Gyp.)
e Chloride content (CL)
e Total soluble salts (T.S.S)
e Organic matter content (O.M)
e Carbonate content (CaCO3)
e pHvalue.

4- Ground Water Table Observation: The underground water level was measured at end of

boring at the time of sub-soil investigation (April, 2017) from the natural ground surface Table

(1). The specified depth was fixed after 24 hours of boring termination. However, this depth

fluctuates during the seasons of the year.
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Table (1) the ground water level

ground water Bored
Study sites The date of il Bored Bored Diameter BH.NO
measurement method Depth (m)
W.T (m) )

April -2017 3.10 Flight 40 0.10 1
Sehan Augers

= 3.20 = 40 = 2

April -2017 3.30 Flight 40 0.10 1
Al-Bhar Augers

= 3.40 = 40 = 2

4. Results and discussion

Based on American standards (ASTM) [5] the laboratory tests of study area were conducting
for obtaining the physical, engineering and chemical properties of the study area soils as follows:

4-1 Physical Properties of Soil

A. Grain Size Analysis: The results of grain size distributions showed that the soil in two sites
was fill material with sandy silty clay soil in depth (0.0-1) m. While sandy silty clay soil high
density (1.78-1.81) gm/cm? in depth (1-6.5) m in Sehan, and from (1-4) m in Albhar site. Then
silty sandy clay soil medium to high density (1.77-1.87)gm/cm? at depth (7-32.5) m in Sehan site,
(5-21.5) m in Albhar site. Then the soil in two sites was silty sand very high density (1.84-
2.12) gm/cm? at depth (33-40m) in Sehan site and (22-40 m) in Albhar site. The details of soil
stratification for boreholes are shown in fig (2, 3) the consequent changes of sub-soil strata is

related to way of deposition.

B. Atterberg limits: With the plasticity index and liquid limit known the case of soil relative to
moisture content. The Casagrande Plasticity chart shows that the both study location have cohesive
soil to wide range of plasticity CL (clays of medium plasticity) and CH (clays of high plasticity)
and as shown in borehole log (2,3). Based on plasticity index, soils have been classified as
indicated in table (2).
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Sehan Site Al-bhar Site
3 g Lithologic - s = 5 <
§ 2 symbol Description o é = E Lithologic | Description § é
O - symbol @]
fill material ,
Soft brownish ) .
1 .grayish sandy | 0.0-1 fill material ,
silty clay soil Soft brownish | o o 4
(CH) 1 ,sandy silty '
..j,f»s';fé-.’?f'i stiff to V. stiff clay soil (CH)
oy "'fﬂ”_:‘ '7‘ grayish sandy I
2 [aiianse| silty clay soil 1-6.5 A ;-.é-:?'-. V. Stiff
."]‘-'.'3.‘""' '--f CH " '_.'{_ _;g ;}l )
i ¥ (CH) 07| grayish sandy
ol (1.78-1.80) gmiem? % |2 :
Soft to M .Stiff 5 silty clay soil 1-4
grayish silty (CH)
3 sandy clay soil 7-18 (1.79-1.81)gm/cm?
(CH,CL) .
(1.77-1.81) gm/cm? M.Stiff
Stiff to Hard grayish silty
brownish silty 3 sandy clay 5-18
sandy clay soil | 19-23.5 soil (CH,CL)
(CL) - (1.80-1.83gm/cm®)
(1.83-1.86 gm/cm®)
Stiff to V.Stiff V. Stiff
grayish silty grayish silty 19-
sandy clay soil | 24-32.5 sandy clay soil | 51 ¢
(CL ,CH) (CL)
(1.82-1.87 gm/cm?®) (1.81-1.84)gm/cm?
Hard to very Hard to very
dense grayish 4 dense grayish
7 silty sand  soil 33-40 i silty sand soil | 22-40
(SW,SP) i (SW,SP)
(1.95-.2.12) gm/cm?® (1.84-2.11)gm/cm?

Fig (2, 3) borehole log in Sehan and Al-Bhar sites
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Table (2) Classification of cohesive soils according to their plasticity [6]

Plasticity index % Plasticity
0 Non plastic
<7 Plastic
7-17 Medium Plastic
>17 High Plastic

C. Clay activity (C.A): Clay activity defined as the ratio of plasticity index to clay content. In
Sehan location average ratio of clay activity equal to (0.62) and equal to (0.61) in Albhar location.
The result of clay activity refers that the soil of study sites has poor clay activity according to
ASTM specifications, so this soil has low swelling tendency. The results generally indicate that
the value of moisture content is closer to the plastic limit than to the liquid limit table (4, 5).Table

(3) view classification of soil according to clay activity.

Table (3) Classification of soil according to Clay activity. [7]

Classification Activity
Non Active <0.7
Normally Active 0.7-1.25

Active 1.25-2.0
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Table (4) Grain size distribution and index properties and clay activity in Sehan site

| System of classification Properties index |
T B.H. | Depth

ype of Cl Soil
ay . oi
sample (m) Silt | Sand | Grav class.

0 0 0
% %o % e. % symb.

51 27 22 CH

45 24 31 CL

46 25 29 CL

45 22 33 CL

Table (5) Grain size distribution and index properties and clay activity in Al-bhar site

System of classification ..
y Properties index

Clay PL | LL | Pi

% % % %

58

58

48

4-2 Engineering Properties of soils

A. Standard penetration test (SPT): It is commonly utilized in geotechnical field test and it
indicates to soil bearing capacity, consistency and soil conditions. The results of standard

penetration test in study locations in fig (4) and tables (7, 8).
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B. Bearing capacity (ga): The results of bearing capacity obtained from SPT ranged between
(11- 41 T/m?) in (1-5,6 m) depth and between (1-9 T/m?) in (6,7-20m), while ranged (12-40 T/m?)
in (20-40m) depth .The layers of soil study sites depending on bearing capacity (Table 6) divided
in to three layers: the first layer is a stiff to very stiff in two study sites and ranged between (1 to
5and 6 m) depths because of compaction and contain of sand, silt, with clay. The second layer is
a soft to medium stiff which ranged between (6, 7 to 18m) because of water content and high range
of clay. The third layer is a very stiff to hard and ranged between (20 to 40 m) depths because

increase the bulk density with depth as a result to compaction or load of the layers with appears

dense silty sand strata.
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Fig.(4): SPT log in study
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Table (6) approximate correlation between standard penetration test (SPT), consistency

and and of clay and silt. [8] Ultimate bearing capacity

qu
SO Peni?gt(ijgr:dTest
N-value Ton/m? kN/m?2
Very Soft <2 <25 <25
Soft 2-4 25-5 25-50
Medium stiff 4-8 5-10 50-100
Stiff 8-15 10-20 100 — 200
Very Stiff 16 — 30 20 —-40 200 — 400
Hard >30 >40 >400

Table (7) the values average of N and bearing capacity to BH1, BH2, and consistency of

Sehan soil location

Lergies Average Ave.Qa | consisten | PPt Average Ag: consisten
™ | e | ™ Y@ | R | o |
1.0 30 32 V.Stiff 24.0 19 8.8 V.Stiff
3.0 20 25 V. Stiff 25.0 27 16 V. Stiff
5.0 14 19 Stiff 26.0 25 15 V. Stiff
6.5 9 11 Stiff 28.0 26 13 V. Stiff
7.5 3 1.6 Soft 29.0 25 30 V. Stiff
9.5 3 1.6 Soft 32.5 15 15 Stiff
11.5 8 4.0 M.Stiff 33.0 50 25 Hard
12.0 6 3.0 M. Stiff 34.0 50 28 Hard
14.0 5 2.6 M. Stiff 35.0 50 30 Hard
15.5 4 2.0 Soft 36.0 50 30 Hard
16.0 7 3.6 M. Stiff 37.0 50 30 Hard
19.0 13 6.7 Stiff 38.0 50 45 Hard
20.0 14 9.3 Stiff 39.0 50 42 Hard
23.5 31 12.0 Hard 40.0 50 42 Hard
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Table (8) the values average of N and bearing capacity to BH1, BH2, and consistency of
Albhar soil location

Depth Average Ave. Qa consisten Depth Average AV:Q consistenc

@ | rea | MY | @ | e |
1.0 27 41 V.Stiff 215 24 10 V. Stiff
2.5 22 25 V.Stiff 24.0 41 145 Hard
4.0 16 19 V.Stiff 25.5 43 15.1 Hard
5.0 9 11 Stiff 27.0 46 15.8 Hard
8.0 6 3.0 M.Stiff 29.0 47 16.1 Hard
10.0 7 3.6 M.Stiff 30.0 31 17.4 Hard
11.0 8 4.5 M. Stiff 315 48 16.4 Hard
125 7 3.6 M. Stiff 34.0 32 12.2 M. Stiff
14.0 8 8.0 M.Stiff 355 36 20.2 M.Stiff
17.0 8 8.0 M.Stiff 37 50 30 Hard
18.0 7 5.7 M. Stiff 39 50 30 Hard
20.0 22 9.6 V. Stiff 40 50 40 Hard

C. Settlement: Through conducting the consolidation test on some soil samples of boreholes, it
was found that the expected settlement in the locations of the study area is within acceptable limits
and that the cohesive soil is over consolidated. The variations of overburden (Po) and

preconsolidation (Pc) pressures with depth which are shown in Table (9).

4-3 Chemical Properties of Soil: the study of salts content in soil is very important because its
affection on engineering behavior of soil that led to stability of foundations and buildings [8]. The
results in Table (10, 11) and figs (5, 6) shows:
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Table (9) consolidation parameter with depth

Consolidation test
Sites No of BH | Depth m Po Pc
e0 Cc Cr
T/ m? T/ m?
BH.1 5.5-6 0.827 0.194 0.036 10.68 155
Sehan
BH.2 12.5-13 0.748 0.174 0.039 23.40 20.0
BH.1 7.5-8 0.755 0.107 0.042 14.32 185
Al-Bhar
BH.2 5.5-6.0 0.726 0.136 0.030 9.84 14.5

1- Sulfate content values (SO3) ranging between (0.34-1.71%) in the sites that mean slightly
increasing on standard value (1%) which may causes concrete erosion and failure of structures
[9].while values of gypsum (Gyp.) were between (0.77-9.68%) which not exceeds on standard

value (10%) So consider no dangers on engineering properties of soil [10].

2- The values of total soluble salts (T.S.S.) in Sehan site ranging from (2.11-12.39%) so that
exceeded permitted limits(10%) that possible increase the strain between the layers of clay soil
and then change the distance between the grains [11]. The average values of chloride (CL %)

content is normal in two sites about (0.029-0.062%).

3- The average of organic matter (O.M) in the soil sites under normal levels about (0.03-
0.031%) , The proportion of organic matter in soil described as high if it exceeds (1%), but a ratio
of (0.5%) may be sufficient to have problems with the strength of the soil compressibility as

mentioned[12].

4- The values of (CaCOz3) ranging from (10.0 - 44.0%) in both sites. If the values of (CaCO3)
exceeds on standard value(30%) that led to formation of Cavities and the increase in the size of
the gaps, especially the lower layers of the soil, which become unsuitable as a basis for the
foundations[13] . The values of (pH) function of the soils in the two study sites are within the

moderate base which does not cause danger to the buried concrete.
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Table (10) Results of chemical tests of soil samples in Sehan site

Table (11) Results of chemical tests of soil samples in Al-Bhar site

o T Depth | 503 | Gyp.| TsS | OM | CaCO2 pH % No.of | DePl | 503 | Gyp. | TSS | OM | CacO3 | e
= (%) | (%) | (%) | (%) | (%) BH | ) | ()| (0) | (%) | (%) | (%)
BH1 152 | 035 | 182 | 216 | 0031 | 100 g 0.062 BH1 | 253 | 034|077 | 211 | 003 | 120 8c 0.061
- 354 | 047 | 261 | 400 | 0032] 120 | B | 002 = | 455 | 051|089 | 240 | 0081} 140 8 005
- - 0.03 B1 0.044
" c57 10531322 (527 | 003 150 i1 058 758 | 058 | 095 | 253 150
= | 9510 | 065 | 178 | 334 | 0032 | 1&0 81 0031
z 105-11| 067 | 359 | 546 | 003| 160 81 0.038
= |12125| 072 | 250 | 423 | 0031 | 190 78 0.061
= 13-135| 082 | 470 | 652 | 0032| 170 81 0.045
= 14515 | 079 | 231 | 420 | 0031 | :20 81 0.054
z 16-165| 1.15 | 742 | 1056 0032| 200 81 0.045
= 17.5-18 | 0.86 | 548 | 738 | 0.03 40 8 0.042
= 20-205| 1.21 | 787 | 1018| 0032| 220 TE 0.033
BH2 | 21215 095 | 536 | 742 [ 0032 | 70 B 0.033
BH.2 23-235| 1.34 | 850 |11.84| 003| 250 TE 0.033
= |24245] 114 | 632 [ 015 | 003 | 310 81 0.062
z 25-255| 140 | 781 1021 003| 270 81 0.025
= |27528| 121 | 641 | 028 | 0031 | 330 8.1 0.055
= 285-29 | 147 | 9.13 |1260( 0031 300 81 0.02%
= | 31532 129 | 686 | 045 | 0031 | 340 19 0.041
= 31532 | 153 | 920 |12.73| 0031| 320 g1l 0.061 ~Tosulm s sz ® | 70 i RER]
= 345-35| 158 | 865 |11.23| 0032 | 360 Bl 0.061 _ 35536 | 148 | 754 | 1012 | 0.03 1.0 g 0.062
= 36.5-37 | 1.60 | 941 |1211|0032| 370 81 0.057 = | 37538 | 156 | 830 | 1186 0032 | 220 B 0.057
= 39540 171 | 968 | 1239 0.032 | 400 gl 0.057 = | 39540 163 | 852 | 1126 | 0031 | zap 8.1 0.044
503% Gyp% T'S'%% o g | CECO% L% 0.M% pH
0 1 0 51015 0 15 30 45 0 005 01
] 0 S+t 0 A ) R B 1 S —
3 5 §
10 =10 = 10 —F———- = T
E.s £ s LN : :
g 5_15 g_ g‘_ 8
8 20 = 0 2 +———— e
25 2% 75
30 30 30 s
35 25 35 A
40 a0 40 a5 LU LU
Fig (5) chemical properties behavior with depths in Sehan soil site
S03% Gyp% T.5.5% 1% 0.M% pH
0 ) ) 0.025 0.03 0.035 7.5 & 8.5
0 4 0 0 I E—
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£10 £ 1 = z = 10 Elg e
815 g 15 2 E g 15 = 15
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Fig (6) chemical properties behavior with depths in Albhar soil site
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5. Conclusion

e Because of the closeness in geotechnical properties, so the two sites are suitable for
spillway structure after some improvement.
e The soil of the study area has considerably fluctuating properties and includes a high

variation in the proportions of the grain sizes consisting of the soil, as the results of the
volumetric granular analysis of the soil have shown, making it difficult to give the
characteristics a single shape similar to the increase or decrease with depth. This is due to
the diversity of soil to the diversity of environments depositional represented the fluvial

and filling deposits.

e The soil in Sehan site was sandy silty clay high density in depth (1-6.5) m, and from (1-4)
m in Albhar site. While the soil is silty sandy clay medium to high density at depth (7-
23.5) min Sehan, and (5-21.5) m in Albhar site. As well as silty sand soil very high density
at depth (33-40m) in Sehan and (22-40) m Al-bhar site.

e According to the Unified Classification System (USCS), the prevalent in soft soils, it was
predominant in the study area of low and high plasticity clay (CH, CL) respectively. As for
coarse soils was poorly graded sand (SP), and well graded sand (SW).

e The soil in the study sites is generally considered No-Active.

e The total of Standard Penetration test (SPT) for two locations shows the N values at 2"
layer ranged between (9-30) in (1-6m) depth, at 3" layer ranged between (3-13) in (7-19m)
depth, while ranged (14-50) in (20-40m) at 4" layer.

e The results of bearing capacity ranged between (11- 41 T/m?) at 2" layer in depth (1-7m),
and between (2-9T/m?) at 3 layer in depths (6-20m), while ranged from (12-40 T/m?) at
4" layer in depth (20-40m).

e The consistency layers of study sites is divided in to: the 1% layer is a soft fill material from
(0.0-1m) that should removal through building, 2" layer is a stiff to very stiff in two study
sites and ranged between (1 to 5, 6 m) depths and is suitable for light loads of shallow
foundation. 3" layer is a soft to medium stiff which ranged between (6, 7 to 18m) that
unsubtle for foundation may led to settlement .4™ layer is a very stiff to hard and ranged
between (20 to 40 m) because increase the bulk density with depth as a result to compaction
or load of the layers with appears dense silty sand strata this layer suitable for loads of deep

foundation such as spillway structure.
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e The depth of the groundwater table ranged from (3.10-3.20) m in Sehan site and (3.30-
3.40) m in Al-Bhar site below the normal ground surface (N.G.S).

e The Chemical behavior is fluctuating through depths where the (SO3, T.S.S, CaCO3)
shows increasing with depth, while the (Gyp, CL, O.M, pH) shows slight change between

increasing and reducing under normal levels with depths.

6. Recommendation

e It's important to prevent establishing any foundation on weak zones (soft strata) in
mentioned depths because of its risks.

e The study suggests using sulfate resistance Portland cement (SRPC) for foundation and all
concrete in contact with soil to prevent the damage effect of (SO3).

e Due to the high soluble salts in the soil sites, all concrete works which in touch with soil
should be protected by coating all the footing faces by a layer of hot bitumen type 20/30
with 8.0 mm thickness.

The surface of soft fill material from (0.0-1) m should removal through building.
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