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1. Introduction:

1.1 General

Assari engineering consultant was engaged by (Golden Middle East Oil Services
Company). Company (Assari for engineering consulting) to carry out a geotechnical
investigation program to the construction of modern and different services stations
situated at (Airport Road region) in the capital Tripoli, Libya.

The principal objective of the geotechnical investigation works was to evaluate the
subsurface condition at the site (airport road region), select appropriate geotechnical design
parameters and make recommendations for the design and construction of foundation and
related works including the selection of most appropriate foundation types and the
allowable bearing pressures for design of foundations.

This report presents the results of our investigation and analysis of the subsurface strata
conditions at site of the proposed project "the construction of different services stations"
which located at airport road region, Tripoli city- Libya. The work was carried out for the
owner of the property (Brega Petroleum Marketing Company).

The investigations were planned by client and the field work was started in November 26'",
2021 and completed in November 28™ 2021, by Assari engineering consultant.
Subsequently, the laboratory testing was conducted at Assari engineering consultant
geotechnical and materials testing laboratories, Janzour, Tripoli city- Libya. The
investigation study will be covered approximately 5,800.0 sq. meter (0.58 hectare). Our
engineering study consisted of site reconnaissance, a review of existing soils and geologic
data, and field investigation consisting of the drilling of five (05) soil borings taken to the
maximum depths of 09.95 meters from existing ground level on the location of the

boreholes.
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The main target of the present study was to provide an evaluation of the subsurface
condition encountered at the investigated boreholes. The recommendations given in this
report are based on the interpretation of field and laboratory test results, and on the state-
of-the-art knowledge in geotechnical engineering, design and construction. This
geotechnical report is divided mainly in a shorter narrative part, describing the work done
and their essential results and a comprehensive appendix with detailed drawings, tables of
all test results, borehole logs (appendix A), the field drilling report, the photos of samples,

drilling works as well as chemical test results.

1.2 Objectives of investigations
The geotechnical investigations were undertaken to meet the following objectives:
e To investigate the geotechnical and geological conditions at the site including
physical and index properties of soil strata.
e To delineate the major subsoil types spread over the site area.
e To investigate the structure and homogeneity of strata as well as the physical and
mechanical properties of each soil layer of the site.
e To evaluate and estimate the stability and bearing capacity of ground.
e Assessment of corrosion and suggestion of the cement type.

e To spell-out the geotechnical considerations for the design and construction of the

foundations of the proposed structures.

1.3 Codes and specifications

e Moisture content (ASTM D 2216).

e Particle size distribution (ASTM D 422).
e Specific gravity (ASTM D 854).

o Atterberg limits (ASTM D 4318).
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Standard penetration tests-SPT (ASTM D-2488).

e The unified soil classification system (ASTM D 2487-17).

e The AASHTO system of soil classification (ASTM D 2487-17).

e Standard test method for pH in soil (BS 1377: Part 3:1990).

e Standard test method for chloride content in soil (BS 1377: Part 3:1990).
e Standard test method for sulphate content in soil (BS 1377: Part 3:1990).

1.4 The Scope of work

A geotechnical investigations program was prepared, keeping in view the site conditions,
the project components and to fulfill the above-mentioned objectives in line with the scope

of work, as described below:

1. Drilling and sampling of Five (05) boreholels to a depth of 09.95 m below existing
ground level. Geotechnical boreholes were drilling using rotary drilling machine (Truck
Renault, YWE-DOIOR rig & Truck Mercedes Benz, Unimog Atlas Copco rig) project area
(Airport Road region). All investigation works were performed in accordance with BS
5930:1999.

2. Performing laboratory tests to determine pertinent engineering and index properties as
well as the chemical properties of the strata encountered at the project site.

3. Analyzing the field and laboratory tests data and submitting an engineering report,
furnishing recommendations for the design and construction of foundations and earthwork
for the proposed structures at the site.

4. Estimation of the both the ultimate and allowable resistances of soil furnishing
recommendations for the design and construction of foundations and expected settlements
for the construction of modern and different services stations.

5. Assessment of corrosion and suggestion of the cement type.
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1.5 Investigation methodology

2. Location of the performed geotechnical investigation:

The site is located in Airport Road area, approximately 15 kilometers southern from the
capital of Tripoli. Approximate site location is shown in Figure (1). The investigation was
carried out along sides of existing highway (Airport Rd.) with in the project area. Site
topography generally comprises flat ground surface approximately and comprises a loose
to medium dense fine grained SAND with silt (Backfill soil). This layer exists at ground
surface and its thickness is 2.5 m below ground surface level. Five boreholes were carried
out from this level as shown as in the site plan. A general site plan shows of the location

of the borehole within the plot in Figure at end of the report at Appendix D.
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Figure 1: General site plan (Approximate) Airport Road region.

3. Site description, general geology and geomorphology:

The proposed project area is located in Southern Libya (Tripoli - Airport Road area).
Latitude: 33° 0' N and longitude: 13° 0' E. as shown in the figure (2). To obtain background
geological information, we reviewed geological map of (Tripoli), Sheet No. NI 33-13
published by Industrial Research Center. In general, the proposed project site is located in
Gefara plain - Northeastern-Libya. The Gefara in the northwest corner of Tripolitania is a
triangular area of about 20,000 sq. km, bounded on the north by the Mediterranean coast
and on the south by the Jabal Nefusa (Nafusah) and Jabal Garian (Gharian). Its southern
edge is a high escarpment which extends eastward from the Tunisian border near Nalut to
the vicinity of Horns (Al Khums) on the coast. The elevation of the Gefara ranges from 10
to 20 meters above sea level near the coast to about 200 m at the foot of the Jabal
escarpment.

In site investigation region most of the surface in this area covered by materials very loose
to loose fine grained sand with silt. Altogether 02 (Two) different sub-soil layers were
encountered within the bored depth of the boreholes. Can be described the first unit (the
first stratum) as light brown to brown fine grained Silty fine SAND (SM) to dense light
brown to whitish Calcareous silty fine to medium grained SAND, some sublayers with
trace gravel, the Sand deposits in found up to a depth of about 8.45 meter in all boreholes
except in boreholes No. BH#01 and BH#02. These are underlained. The second unit (the
second stratum) is mostly, by brownish white to brown, very stiff, low plastic sandy SILT
(ML), generally to a depth of 8.45-9.95m below ground level (the maximum investigated
depth of 9.95m below existing grade level). The information and detail of the sub-strata

are presented in Appendix A.
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The average rain fall of Tripoli area is 350 mm/year, the revealing wind velocity in area

about 135 - 140 km/hr.

Figure 2: Regional geological map -Tripoli, Sheet No. NI 33-13 (scale 1: 25Km).

4. Seismic attributes of the site:

The hazard map in Figure 3 indicates that most of Libya is of ratlsr Intermediate seismic
hazard except for zones along the coast. In accordance with the geological map and seismic
classification of Libya, the site has the following seismic attributes:

EARTHQUAKE ZONE = 2A (according UBC 97 Section 16.26-16.35.), effective peak

acceleration, Aa (C,) 1.5 m/s? and effective peak velocity -related accel, Av (Cy) 1.5 m/s.
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Site classification for seismic design is class (C) as shown in figure (3). The highest PGA
value shown for Libya in the map is in a small area that corresponds approximately to the
epicenter of the 1935 earthquake and is in the range 0.13g to 0.16g in UBC97 for site class

C this would clearly correspond to zone 2A everywhere else along the coast in Libya the
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highest values reach to the range 0.10-0.13g which again is well covered by zone 2A.
Figure 3: Seismicity in the Mediterranean basin (GSHAP, 1997).

Minimum Seismic Design: Structures and portions thereof shall, as a minimum, be
designed and constructed to resist the effects of seismic ground motions as provided
according UBC 97 Section 16.26-16.35. Table (1) shows the seismic parameters of the
site:

Table 1: Seismic parameters design.

Parameter Design Value

Zone: 2A

Seismic zone factor
Z: 0.15
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Continued (Table 1): Seismic parameters design.
Sp: (Stiff Soil Profile)
S.P.T (blows/30cm): 5to 15
Soil profile type -
p yp Undrained Shear 50 t0 100
Strength, su (KPa)
Shear Wave Velocity, v 350 to 750
(m/sec)
Level of seismic risk . .
. Intermediate Seismic Zone 2
according ACI318-05
C.=0.22
Seismic coefficient Seismic zone factor, z:
Cv=0.32
Seismic importance Standard occupancy =1.0
factor structures: '
Response modification . B
Basic structure system R=5.50
factor

5. Field investigation (Site works):

5.1 Genera

The proposed field work consisted of exploratory drilling and sampling of the subsurface
soil samples and performance of standard penetration tests (SP7) at designated locations.
The boreholes were drilled to depth of 09.95 meters below the existing ground surface
level.

The boreholes location was decided and marked in the field by “Assari engineering

consultant company”. A list of coordinates and elevations of the borehole numbers is

given in table (2). The depths of the borehole were given by the client and was made

according to the attached site plan.
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Table 2: Coordinates and depth of boreholes, the proposal project location.

Coordinates Ex1§t1ng
Borehole elevations, m
Borehole No. Depth. m

PH, Northing Easting V4

BH-01 09.95 Not available Not available Not available
BH-02 09.95 = = =
BH-03 09.95 = = =
BH-04 09.95 = = =
BH-05 09.95 = = =
Project site coordinates 32.744823 13.143865 =

Number of borings 05
Total depths 49.75 m

5.2 Execution of boreholes

The geotechnical work consisted of drilling five (05) boreholes to depth 09.95 meters
below existing grades using hollow-stem auger method (rotary drilling). The drilling of
boreholes was carried out using (YWE-D90R and Unimog Atlas Copco) drilling rigs.
The subsurface stratum was penetrated by rotary drilling method using continuous-flight
auger technique. After completion of the testing, boreholes were backfilled with a mixture
of cement, bentonite, sand and water. The grout backfill materials were proportioned to a
groutable /pourable consistency and the proportions varied as per the specific requirements.
The borings was drilled by the use of a trucks (Renault and Mercedes Benz) mounted
mobile (YWE-DI90R and Unimog Atlas Copco) drilling rigs utilizing diamond bit and
double tube core barrel. Drilling rigs is shown in figure (4) was used for the drilling of
each boreholes. The borehole logs were prepared in the field and a description of soil
samples recovered has been shown in the respective borehole logs. Field borehole logs was

developed on the basis of the materials encountered at the site and were later confirmed /
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modified by the laboratory test results. The borehole logs are appended in Appendix A of

this report.

BH-05
Depth:0.0-09.95 m

Unimog Atlas Copco drilling rig YWE-DI0R drilling rig

Figure 4: The boring test is being performed on the site (Airport Road area).

5.3 In-situ sampling

5.3.1 Soil sampling

The samples recovered from split spoon sampler were visually inspected and classified as
per (ASTM D-2488 and BS 5930:1999). All the SPT samples obtained from the boreholes
were properly labeled, preserved in polythene bags and placed in plastic jars as disturbed
samples. All these samples were carefully transported to our laboratory (Assari
engineering consultant company, Janzour-Tripoli) for further evaluation and testing.
The actual depth for all samples and N-values S.P.T, are shown in the record of test results

sheets of this geotechnical exploration.
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5.4 In-situ testing

5.4.1 Standard penetration tests (SPT)

Standard penetration tests (SPTs) were performed generally at 1.0 m depth intervals. These

tests were performed in accordance with ASTM D-1586 using a split spoon sampler of 35

mm inner dia. and 50 mm outer dia., its length is 460 mm. The data obtained from these

tests was utilized to assess the in-situ compactness/denseness of the subsurface materials.

The SPT blow counts were recorded for a total penetration of 45¢m of SPT sampler. The

number of blows required to drive the sampler through the last 30em viz. ‘N’ values have

been shown on the respective borehole logs, Appendix A. A summary of SPT- corrected

N values is given in table (3).

Table 3: A summary of field SPT corrected N value.

Depth, m BH-01 BH-02 BH-03 BH-04 BH-05
N-value | N-value | N-value | N-value | N-value
0.0 «— Existing ground level (Natural ground surface)
1.45 13 12 18 22 10
2.45 5 11 7 17 6
3.45 37 13 16 32 9
4.45 23 6 30 26 18
5.45 22 20 37 37 13
6.95 15 24 21 27 38
8.45 16 18 18 22 41
9.95 20 20 18 28 25
End of boreholes
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Figures (5.a, 5.b and 5.c¢) shows the results of SPT corrected N value in a soil profile, In

the field, the magnitude of Er can vary from002030 to 90%. The standard practice now in

the U.S. is to express the N-value to an average energy ratio of 60% (=N60). The (56) raw

data of the SPT, obtained from the in-situ measurements, have been modified, based on

the overburden pressure, length of drilling rod, borehole diameter and soil sampler.

N value N value
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Figure 5.a: Soil profile with SPT Corrected ‘N’ value test diagrams.
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Figure 5.b: Soil profile with SPT Corrected ‘/V’ value test diagrams.
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Figure S.c: Soil profile with SPT Corrected ‘N’ value test diagrams.

5.4.2 Ground water conditions

Groundwater was assessed in all the borehole drilled at the site 24 hours or more, after the

completion of drilling each borehole. The groundwater table was unencountered in all

boreholes at a depths 09.95 meters below natural surface level (NSL) during investigations

in November, 2021. It should be noted that groundwater levels might fluctuate according

to infiltration zone. Reconfirmation of ground water level is recommended prior to any

work relating to the ground water regime.
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6 Laboratory testing:

6.1 General

The samples retrieved from borehole was examined in the field and then transported to
testing laboratory for relevant laboratory testing. The laboratory tests were conducted on
selected soil samples to determine the engineering characteristics of the subsurface strata.
A summary of the laboratory tests performed is as shown in table (4). Laboratory tests
were performed on soil samples for their physical properties; including water content
determination, Atterberg limits, sieve analysis, bulk density, point load index and their
engineering characteristics. Chemical testing was performed on selected sample, which
included (pH), chloride content (CL-), Soluble sulphate content (SSQO3), total sulphate
Dissolved (TSO3), Once the samples were received from the site, and the testing was

performed immediately. All laboratory tests were performed in Accordance with ASTM

and BS Standards.

Table 4: A summary of the laboratory tests performed.

Physical tests:

No. Type of test No of test Test specifications
1. | Particle size distribution 24 ASTM D 421 /422
2. Moisture content 24 ASTM D 2216
3. Specific gravity 06 ASTM D 854
4. Atterberg limits 04 ASTM D 4318

Chemical tests on soil samples:

Chemical tests on soil: No of test Test specifications
1. Chloride content 04 BS 1377: Part 3:1990
2. Sulphate content 04 BS 1377: Part 3:1990
3. pH 04 BS 1377: Part 3:1990

The details of particle size distribution & Atterberg limits results are presented in
| Appendixes B&C of this report.
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6.2 Natural water content

The natural moisture content and all tests that required the determination of moisture

content were done by drying at 110 C° as recommended in ASTM D 2216. Table (5)

contains the date and results of the water content test on selected samples from boreholes.

Table 5: Moisture content results.

Borehole No. Depth, m Moisture content, M. (%)
2.0-2.45 4.5
3.0-3.45 20.4
4.0-4.45 12.5
BH-01
5.0-5.45 14.4
8.0-8.45 13.8
9.0-9.95 30.7
1.0-1.45 17.3
2.0-2.45 15.0
3.0-345 17.6
BH-02
5.0-5.45 18.6
8.0-8.45 13.8
9.0-9.95 9.2
3.0-3.45 8.2
4.0-4.45 8.4
BH-03
6.5-6.95 7.9
9.0-9.95 13.3
BH-04 2.0-2.45 6.6
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Continued (Table 5): Moisture content results.
3.0-3.45 4.3
BH-04 5.0-5.45 13.7
8.0-8.45 9.6
3.0-3.45 7.4
4.0-4.45 6.0
BH-05
5.0-5.45 6.8
8.0-8.45 19.6
The tester certifies that the test was carried out in accordance with ASTM D2216.

6.3 Specific gravity of soil

The specific gravity of a given material is defined as the ratio of the weight of a given

volume of the material to the weight of an equal volume of distilled water. The results of

specific gravity of soil are shown in table (6). The procedure for determination of specific

gravity, Gs described here is applicable for soils composed of particles smaller than 4.75

mm (No.4 U.S. sieve) in size. The specific gravity (Gs) values were found to range between

2.632 to 2.727 in borehole. The test was carried out according to ASTM D-854.

Table 6: Results of specific gravity of soil solids.

Borehole No. Depth, m Specific gravity, Gs (---)
BH-01 4.4-4.45 2.727
2.0-2.45 2.655
BH-02
5.0-5.45 2.703
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Continued (Table 6): Results of specific gravity of soil solids.

BH-03 9.0-9.95 2.703
BH-04 3.0-3.45 2.632
BH-05 6.5-6.95 2.703

The tester certifies that the test was carried out in accordance with ASTM D-854.

6.4 Classification tests
6.4.1 Soil particle distribution (Grain size analysis)

This test is for determining the grain size distribution by sieving the soil samples through
a stack of sieves of decreasing mesh opening sizes and by measuring the weight retained
on each sieve. Particle-size distribution test was performed on selected samples in
accordance ASTM D421. The results of these tests are presented graphically on particle
size distribution curves, appendix B. Table (7) represents the results of the sieve analysis

test.

6.4.2 Atterberg limits (Liquid and plastic limits)

When a cohesive soil is mixed with an excessive amount of water, it will be in a somewhat
liquid state and flow like a viscous liquid. However, when this viscous liquid is gradually
dried, with the loss of moisture it will pass into a plastic state. The liquid limit was
determined by Casagrande cup method and plastic limit was determined via "Rolling-
thread" method. The liquid limit and the plastic limit are used to classify the soil and can
be used to estimate the engineering properties of the soil. These limits distinguish the

boundaries of the several consistent states of plastic soils. The liquid limit is the water
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content (in percent) of a soil at the boundary between the liquid and plastic states. The
plastic limit is the water content, in percent of soil at the boundary between the plastic and
brittle states.

By obtaining the liquid and plastic limits, the plasticity index can be determined. This is
the range of water content where a soil will behave plastically. Use of the plasticity index
and liquid limit allows for the classification of fine-grained soils as well as the fine-grained
fraction of coarser soils. Atterberg limits tests were performed in accordance with ASTM

D 4318. Table (7) summarizes the laboratory test results.

6.4.3 Classification of soil strata

This process is called soil classification, and it helps engineers in the preliminary design
stage of geotechnical engineering problems. Most soil classification standards use soil
indices such as Atterberg limits (liquid limit, plastic limit), soil gradation information (Do,
D30, Deo, Cu, Ce), etc. In current geotechnical engineering practice, two standards are widely
used in the United States: The Unified Soil Classification System (USCS) and AASHTO
(American Association of State Highway and Transportation Officials) methods.

The classification was carried out according to ASTM standard D2487. The (24) results of
the classification with Atterberg limits are shown in table (7). The laboratory testing
indicated (MH) high plastic Sandy inorganic SILT (Silt and filled with recrystallized
gypsum friable), so that the soil was encountered in borehole (BH-01) at depths ranging

between 9.5 m and 9.95 m below ground level.
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Table 7: Grain size distribution, liquid and plastic limits results and soil classification.

Sieve analysis Atterberg limits Soils classification system
Borehole Depth, (m) :
No. ' | Gravel | Sand ) Fines |y gy | USCS system | AASHTO
% % %0
SM, fine grained silty
2.0-2.45 0.0 84.6 15.4 N.P SAND A-2-4
SM, fine grained silty
3.0-3.45 15.7 58.5 25.8 N.P SAND with little A-2-4
gravel
SM, fine grained silty
4.0-4.45 8.1 40.1 51.8 N.P SAND with few gravel A-4
BH-01
ML, fine Sandy SILT
5.0-5.45 0.8 41.0 58.2 N.P low plasticity with A-4
trace gravel
ML, fine Sandy SILT
8.0-8.45 4.0 17.0 79.0 N.P low plasticity with A-4
trace gravel
MH, fine Sandy
9.5-9.95 0.0 2.4 97.6 57 36 21 inorganic SILT high A-7-5
plasticity
SM, fine grained silty
1.0-1.45 0.0 84.6 15.4 N.P SAND A-2-4
SP, Poorly graded,
fine grained silty
BH-02 2.0-2.45 0.2 96.4 3.6 N.P SAND with trace A-3
gravel
SM, fine grained silty
3.0-3.45 0.8 75.9 233 N.P SAND A-2-4
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Continued (Table 7): Grain size distribution, liquid and plastic limits results and soil classification.

BH-02

5.0-5.45 0.3 49.3

50.4

ML, fine Sandy SILT
N.P low plasticity with A-4
trace gravel

8.0-8.45 3.6 34.1

62.3

40

ML, fine Sandy SILT
27 13 | medium plasticity with | A-6(7)
trace gravel

9.5-9.95 0.4 60.3

39.3

SM, fine grained silty
N.P SAND with trace A-4
gravel

BH-03

3.0-3.45 0.1 83.5

16.4

SM, fine grained silty
N.P SAND with trace A-2-4
gravel

4.0-4.45 18.4 41.5

40.1

SM, fine grained silty
N.P SAND with little A-4
gravel

6.5-6.95 5.2 57.7

37.1

SM, fine grained silty

N.P SAND with few gravel

A-4

9.5-9.95 23 26.0

71.7

31

ML, fine Sandy SILT
24 7 | medium plasticity with A-4
trace gravel

BH-04

2.0-2.45 1.4 534

45.2

SM, fine grained silty
N.P SAND with trace A-4
gravel

3.0-3.45 5.0 58.1

36.9

SM, fine grained silty
N.P SAND with trace A-4
gravel

5.0-5.45 0.1 26.7

73.0

37

ML, fine Sandy SILT
26 11 | medium plasticity with A-4
trace gravel
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Continued (Table 7): Grain size distribution, liquid and plastic limits results and soil classification.

BH-04

ML, fine Sandy SILT
8.0-8.45 5.1 41.5 53.4 N.P | low plasticity with few
gravel

A-4

BH-05

SM, fine grained silty
3.0-3.45 4.8 55.9 39.3 N.P SAND with trace
gravel

A-4

SM, fine grained silty
4.0-4.45 4.2 45.9 49.9 N.P SAND with trace
gravel

A-4

SM, fine grained silty
6.5-6.95 5.0 51.7 433 N.P SAND with trace
gravel

ML, fine Sandy SILT
9.5-9.95 2.5 35.7 61.8 N.P low plasticity with
trace gravel

A4

6.5 Chemical analysis and corrosion control

The purpose of performing chemical testing for foundation soils is to provide enough data,
required for assessing the degree of corrosion that would attack the concrete or the steel of
reinforcement and consequently for designing the suitable control and protection for the
used concrete. The interpretation of these data will be used to select the suitable cement
type to be used in the concrete, and choosing the necessary isolation and protection
wherever needed. Results of chemical tests of pH, chloride concentration, sulphate

concentrations and total dissolved solids are included in table (8).

6.5.1 Sulphate concentrations and corrosion

The total and soluble sulphate concentrations measured show a small degree of variability.

Generally, corrosion is considered to be a risk if the total sulphate content is greater than
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0.2 % and/or the soluble sulphate content is greater than 0.05 %. No precaution (sulphate-
resistant cement) is required if sulphate concentrations fall below these thresholds.
Measured soluble sulphate concentrations in the samples tested are all less than 0.1%.
Hence, on the basis of these results, the use of sulphate resistant cement is not considered

necessary for this site.

6.5.2 Chloride concentration and corrosion

Precautions against chloride induced corrosion are recommended where chloride
concentrations are expected to be greater than 0.1%. The measured chloride contents table
(8) is less than 0.05% which are below the threshold value. On this basis no specific
precautions against chloride induced corrosion are considered necessary at this site,
however it is generally good practice to apply a protective bitumen coating to all buried

concrete as a precaution.

6.5.3 pH

The results of pH obtained for all samples indicated a slightly alkaline environment. The
pH ranges from 9.45 to 9.47 for the studied soil for the studied soil. The results of chemical
analyses are shown in table (8). These results reveal that no corrosion in the foundation
concrete would be expected from organic acids. The results showed the soil to be slightly

alkaline in upper strata and tend towards neutrality.

Table 8: Chemical analysis of soil samples.

Water soluble
Borehole No. | Depth hlori LY H
orechole No epth (m) Chloride (CL%) p sulphate as (SO:%)
BH-01 2.0-2.45 0.0032 9.45 0.0006
BH-02 4.0-4.45 0.0042 9.46 0.0012
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Continued (Table 8): Chemical analysis of soil samples.
BH-04 4.0-4.45 0.0088 9.47 0.0048
BH-05 5.0-5.45 0.0052 9.45 0.0024
Exposure condition Negligible Negligible Negligible
Permissible Limits, BS )
e 1900 <0.05 4.5 min. 0.2 Max

7. Geotechnical design parameters:

7.1 General

The geotechnical design parameters described in this report are based on the engineering

evaluation of the subsurface conditions determined through drilling records, in-situ and

laboratory testing of the representative samples from the investigation campaign.

7.2 Bulk unit weight

The unit weights of subsurface strata can be estimated through interpretation of the SPT

data and laboratory testing of the samples retrieved from boreholes. The relationship of N-

values with typical effective unit weight of cohesive and non-cohesive soil is given in table

(9), while typical design value ranges are specified below:

Silty SAND/ with silt (SM):

17- 19 kN/m® (1.70 -1.90 ton/m’)
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Table 9: SPT-N values and properties of non-cohesive soils.

Non-cohesive soils
A imat D it
SPT-N3o PP roxhlma © ry o In-situ Range of angle of
values relative weight, v compactness internal friction
density, Dr % (ton/m?) P a4
0-4 0-15 <1.6 Very loose 26 - 30
5-10 15-35 1.52-2.0 Loose 28 - 34
11-30 35-65 1.75-2.1 Medium dense 30-35
31-50 65 - 85 1.90 - 2.25 Dense 33-38
> 50 95 >2.10 Very dense Up to 40

7.3 Friction angle of soil

The friction angle is estimated based on SPT test results and direct shear test results, taking
into consideration that these SPT results may be affected by the presence of cementation,
which in turn will increase the SPT test results. Accordingly, a conservative value of
(@=30°) can be considered in the geotechnical analyses. The results are presented in table
(10) shows the friction angle of granular soils, the test results of corrected SPT are given

in Appendix C.
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Table 10: Estimated soil friction angle (¢pr) and corrected SPT values.

. . Average soil
Borehole . Estimated angle of internal L
No. Depth (m) Soil type friction (deg.) friction angle, ¢r
(deg.)
1.0-1.45 32.9
Medium dense,
BH-01 2.0-2.45 Silty fine SAND 29.0 33.90
3.0-3.45 39.8
1.0-1.45 32.5
Medium dense,
BH-02 2.0-2.45 Silty fine SAND 32.9 33.20
3.0-3.45 34.1
1.0-1.45 34.8
Medium dense,
BH-03 2.0-2.45 Silty fine SAND 30.7 33.60
3.0-3.45 354
1.0-1.45 36.2
Medium dense,
BH-04 2.0-2.45 Silty fine SAND 35.4 36.90
3.0-3.45 39.2
1.0-1.45
31.6
Medium dense,
BH-05 2.0-2.45 Silty fine SAND 29 6 31.1
3.0-3.45 Y

Soil friction angle of soil estimated using the correlations proposed by Kulhawy and Mayane (1990)
depending on (N60) SPT value

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT




Project:
A*A The construction of modern and different services stations, g
! ‘ ] Airport Road. &
=0~ B4
R Ne Job: 223 Ne° Revision: 0.0
Golden Middle East o . . .
Oil Services Co. Page: 32 of 103 Tripoli City, | 1y, e: 271272021 | /Assari engineering
"Contractor” LIBYA consulting

7.4 Elasticity modulus (deformation modulus)

Short term / immediate settlements of foundations depend upon the elastic properties of

the load bearing strata, characterized by modulus of elasticity (Es). However, this value is

expected to increase with depth, however, been used following relation for the evaluation

of Es values for the various soil layers encountered at the site:

Poorly Graded SAND with Silt / Silty SAND:

E =500 * (N+15), KPa

below is table (11), showing the modulus of elasticity of sand can be estimating the relative

between (N) values and Modulus of elasticity (Es).

Table 11: Estimated modulus of deformation of soil (Es) and corrected SPT values.

Borehole Modulus of
Depth (m) Soil type corrected Neo deformation, Es
No.
(KPa)
Loose, Silty SAND
(SM) 9 12000.0
Very loose, Silty
BH-01 1.0-3.45 SAND (SM) 4 9428.6
Dense, Silty SAND
(SM) 32 23571.4
Loose, Silty SAND 8 11678.6
BH-02 1.0-3.45 (SM) 9 12000.0
Med. dense, Silty
SAND (SM) 11 12964.3
Med. dense, Silty
SAND (SM) 12 13607.1
Loose, Silty SAND
BH-03 1.0-3.45 (SM) 6 10392.9
Med. dense, Silty
SAND (SM) 14 14250.0
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Continued (Table 11): Estimated modulus of deformation of soil (Es) and corrected SPT values.

15 15214.3
Med. dense, Silty
BH-04 1.0-3.45 SAND (SM) 14 14250.0
28 21321.4
7 11035.7
Loose, Silty SAND
BH-05 1.0-3.45 (SM) 5 9750.0
8 11357.1

Estimated stress-strain modulus Es of soil using the equation proposed by in Bowles (1996).

7.5 Coefficient of earth pressures

The coefficients of earth pressures for granular soils are essentially functions of the angle

of internal friction (¢pf), which can be estimated using the following relationships:

Ka= (1-sin@)/ (1+sin ¢pr)

Ko = (1- Sin ¢py)

Kp= (1+ Sin ¢f) / (1- Sin ¢pr)

Where:

K. = Coefficient of active earth pressure (---)
K, = Coefticient of earth pressure at rest (---)
K, = Coefficient of passive earth pressure (---)

@r = the angle of internal friction (deg.)
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The results are presented in table (12) shows the coefficient of earth pressure of soil.

Table 12: The coefficient of earth pressure.

Soil parameters (Estimated from N corrected values: SPT)

At rest K, 0.49 soil friction angle, ¢r (deg)
Average coefficient of
earth pressure at depth Active K, 0.32
3.45 m. 31.0
Passive K, 3.12

7.6 Coefficient of friction between soil and concrete/steel

The coefficients of friction are defined as the tangent of the angle of friction and following
values could be used for soil and concrete. Coefficient of friction between soil and
concrete= tan 24° (For non-cohesive strata), coefficient of friction between soil and steel

= tan 20° (For non-cohesive strata).

8. Foundation design of soil:

8.1 Allowable bearing capacity in soil from SPT-values

For soil, SPT-N value are used to estimate the allowable bearing capacity of shallow
foundation. The standard penetration test SPT was developed around 1972. It is currently
the most frequently used technique in Libya to obtain subsurface information. Mayerhof
and Terzaghi-Peck (1948-1967) developed criteria to correlate relative densities with SPT-

values, angle of internal and unit weight of granular soils.
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The calculation of the allowable bearing capacity is performed using the modified form of
the allowable bearing pressure by Bowles (1977) presented in Das, 1997. The following

equation is used:

qant (KN/m?) =16.66* N ' *[(3.28B+1/3.28B)?] * Fd for B > 1.20 (isolated footing)
qan (KN/m?) = 25% N' *(S./25.4) *Fd for B <1.20
Where:

qa = allowable bearing capacity of soil (KPa)
"= the corrected SPT value (---)

B = width of footing (m)

B = width of footing (m)

Fd= depth factor: Fd =1 +0.33 (Df/B) <1.33 (---)

Se= Tolerable settlement (mm)

The allowable bearing capacity equation above was built on a factor of safety of three 3.0
and a 25 mm (linch) settlement (elastic) was considered. The calculation of the allowable
bearing capacity was done for foundation depths (D) of 1.0, 2.0 and more than 3.0 m and
Isolated footings of widths (B) equal to 1.5, 2.0 and 2.5. The results of the allowable net
bearing capacity are shown in table 13. For structures located at the position of boreholes
No. (BH#01, BH#02, BH#03 and BH#04) the allowable net bearing capacity for static
loads should not exceed 150 kPa (15 ton/m?) at the previously recommended depth of
isolated foundation and 200 KPa (20 ton/m?) for raft foundation to be placed on soil at

depth of not less than 3.5 m can be used for foundation design purpose.
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At the position of boreholes (BH#05) a value of 100 kPa (1.0 ton/m?) can be conservatively
considered as an allowable net bearing capacity value for static loads on the loose sand
layer at the recommended depth of isolated foundation and 150 KPa (15 ton/m?) for raft
foundation to be placed on soil at depth of not less than 4.0 m can be used for foundation
design purpose. The net allowable bearing pressure was calculated based on controlled
procedure of 50 mm (2inch) maximum allowable settlements for mat foundation and for
an influence depth of 2B. Calculations of bearing resistance and corrected standard

penetration value found in Appendix C.

Table 13: Estimated allowable bearing capacity of soil.

Net allowable bearing pressure, kPa
Depth below Averace of
Borehole No. existing ground 8 Isolated footings Mat
Nso .
surface, m foundation
B=15m B=20m B=25m

BH-01 1.0-3.45 18 240.65 219.44 207.19 323.37
BH-02 1.0-3.45 12 157.96 144.04 136.00 212.26
BH-03 1.0-3.45 14 177.46 161.82 152.79 238.46
BH-04 1.0-3.45 24 312.05 284.55 268.66 419.31
BH-05 1.0-3.45 08 108.62 99.04 93.51 145.95

8.3 Estimated settlements

Soils, in general, are stable if the stress level is maintained or water content remains

constant. However, when stresses applied in soil mass are changed, it deforms and causes
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settlement or swelling in some instances. Meyerhof (1965) compiled the observed

maximum settlements for mat foundations constructed on sand and gravel. The settlement

of this material (soil and weathered rock) is estimated using the following equation:

Se (mm) =2

Where:

0* qnet/N'6O

Se = maximum settlements approximately (mm)

Qnet = net allowable bearing capacity of soil (KN/m?)

N'6o = the corrected SPT value (---)

The estimation of settlement was performed using net allowable bearing pressure (qnet).
table (14) included the settlement results.

Table 14: Estimated settlement for soil layers.

Depth of foundati A ttl t
Borehole No. Stratum type cpth OF foundation Settlement, mm verage settiement,
(m) mm
Loose, Silty SAND
45.3
(SM)
Very loose, Silty
BH-01 SAND (SM) 1.0-3.45 22.5 34.93
Dense, Silty SAND
37.0
(SM)
Med. dense, Silty
SAND (SM) 44.8
Loose, Silty SAND
BH-02 1.0-3.45 35.2 36.59
(SM)
Med. dense, Silty 9.7
SAND (SM)
Med. dense, Silty
BH-03 SAND (SM) 1.0-3.45 46.8 36.16
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Continued (Table 14): Estimated settlement for soil layers.

L ilty SAND
oose, (SSII\ZI)S N 9.9
BH-03 . 1.0-3.45
Med. dense, Silty 1.8
SAND (SM) ’
47.6
Med. dense, Silty
BH-04 SAND (SM) 1.0-3.45 38.4 40.80
36.4
43.7
Loose, Silty SAND
BH-05 1.0-3.45 25.7 31.51
(SM)
25.1

9. Excavation and backfilling:

The soil under the foundations of the proposed structure will be excavated to the
recommended foundation level. It is to be noted that at the location of the structure the
excavation for the foundations will be carried out to the mentioned depths with safe side
slopes or with appropriate side supporting system whenever needed. If any made ground
is encountered at the bottom of excavation, it should be completely removed. The bottom
of the excavation should be homogeneous, clean of any debris or loose material as a result
of excavation. The type of soil at bottom of the excavation should be checked to confirm
with the type of geomaterial reported in this report.

In case of buildings that have foundations on a sand layer, the bottom of excavation should
be submerged with water for three cycles. Each cycle includes submerging the site for at
least 48 hours and any resulting foam or debris has to be removed and the bottom of
excavation must be heavily compacted using vibratory roller or bulldozer.

Backfill operation wherever needed around and above the foundations should be carried

out in lifts not exceeding 25 cm each. The backfill should be compacted to 95 % of the
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soil maximum dry density as determined by Modified Proctor Test. Backfill materials
should be granular with fines percentage less than 10% and P.I. should not exceeding 7%.
Backfill materials should not contain any roots, construction debris, salts, deleterious

materials, organic matters, cobbles or boulders.

10. Liquefaction:

Soil liquefaction results from loss of strength during cyclic loading, such as imposed by
earthquakes. Soils most susceptible to liquefaction are clean, loose, saturated, uniformly
graded, fine-grained sands. The deep sands encountered in our borings were generally
medium dense. In addition, groundwater was unencountered within the 9.95 meters depth
of our borings (the maximum investigated depth below existing ground level). For these
reasons and based upon engineering judgment, it is our opinion that the potential for

liquefaction at the site is low during seismic shaking.

11. Conclusions and Recommendations:

o The subsurface profile revealed by the boreholes indicate the presence two substrata
unit are existed in the site investigated. The first one is soil stratum (The top layers)
comprising of light brown to brown, medium dense becoming to loose, Silty fine
grained Sand (SM) with trace gravel to light brown to whitish brown, Calcareous,
fine to medium grained silty SAND with little gravel. This layer is encountered in all
boreholes, and appeared from ground surface to 8.0 m of all boreholes except for
BH#01 and BH#02 it appeared with thickness ranging between 1.0m to 4.45m. The
second stratum is light brown to brownish white, stiff, low to medium plastic, fine
Sandy SILT (ML) with trace gravel. The layer is encountered only in B.H #01 and
BH#02 at depths 5.0m, 4.0m with thickness 4.0m and 3.0m respectively, a high
plastic Silt deposits is encountered only in borehole No. BH#01 at depth 9.50 m. The
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sub-strata were classified according to the information and test results obtained at

each borehole (appendix A).

e  Mostof soils were classified as SM (fine grained silty SAND), ML (fine Sandy SILT,
low plasticity), based on USCS and, all results of soil according to unified soil

classification system are presented in table (8).

o It is recommended to design structure (modern and different services stations), with
conservative allowable soil pressures in the order of 15 ton/m? (150 KPa) for isolated
footings and 20 ton/m? (200 kPa) for rigid mat foundation at depth not less than 3.5
m from the ground surface level, for structures located at the position of boreholes
No. (BH#01, BH#02, BH#03 and BH#04). At the location of boreholes (BH#05) a
value of 100 kPa (1.0 ton/m?) and 15 ton/m? (150 kPa) for isolated footings and rigid
mat foundation respectively, the recommended depth of foundation must be not less

than 4.0 m from the ground surface.

o Due to occurrence of backfill soil (loose and weak) at the top 2.5 meters, backfill and
compaction should be performed properly according to the standard specifications.
Moreover, the compaction should include the interface between the backfill soil body

and the natural surrounded soil.

o and after scraping and removing backfill soil, levelling and compacting foundation
soil. The allowable bearing resistance presented in table (13). the computation of
bearing resistance at service limit and settlement less than or equal to 50 mm. Post
compaction settlement of fine-grained soil can be expected, even when placed to
compaction specifications. As such, fill material should be installed as far in advance

as possible before beginning constructed the foundation for best grade integrity.
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o Because of presence of seepage water and probable rise in water table in summer,
side fall (collapse) is eminent. So, at the time of construction of foundation, it is
strongly recommended to design the appropriate site protection measures based on

the soil properties shown in this report.

° Foundations installed in accordance with the recommendations outlined in the

preceding sections are not expected to exceed total settlements of 50 mm.

o During the time of the investigation and one day after the completion of the
fieldworks & inspection of boreholes by piezometers indicated that the groundwater
table was not encountered up to 9.95 m (maximum depth in investigation) below the
existing ground level. However; fluctuation in groundwater levels should be

anticipated with variations seasonal.

o Corrosion potential isn’t expected from chloride on the buried concrete because the
chloride content isn’t high than 0.1 %. And the soluble sulphate content isn’t higher
According to table (8). the Normal Portland cement would be used to produce the

concrete.

. Insulating the foundations by using high quality insulation materials, high quality
bitumen sheets can be used after the foundation footing have been coated by high

quality liquid bitumen.

o According to the chemical test results, the sulphates and chlorides contents of soil
above the ground water level are all less than the permissible limits according to

British standard specification (BS8004). Therefore, protective measures against
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chemical attacks for foundation footing above the ground water level are not

required.

If the excavation below the foundation level is necessary, the improved clean soil
used for backfilling in layers of 300 mm maximum thickness (BS 6031) each to be

well compacted to 95 % of modified proctor.

The engineered fill must comprise of A-1-a or A-1-b materials as per AASHTO Soil
Classification System (M-145). The fill must be placed in layers with loose lift not
exceeding 20 cm in thickness. Each layer must be compacted to an in-situ density not
less than 95% of maximum proctor density. Alternatively, crushed rock fill or clean

concrete can also be used.

Excavated materials can be stockpiled for later use in backfilling, engineered fill used
to raise the grade as engineering backfill should conform to the specifications, the
excavated native soil classified as shown in table 15 according to AASHTO
Classification can be used for backfilling behind abutments if properly controlled and

free from the deleterious substance.

Table 15: General guide specifications for backfilling materials

Specifications Soil parameters

Backfilling materials type

(A-1-a or A-1-b) According to AASHTO

The excavated native soil

(A-2-4) According to AASHTO
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Degree of compactions

A minimum relative compaction of 95%

ASTM d 698-12

Layers placed

Horizontal layers not exceeding 20 cm

thickness

o Through the evaluation of site location in regard with the seismic activity, it was

found that the project area located within the low active zone. Therefore, the peak

acceleration value could be assumed as 0.12 g.
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Assari /Eng!'nee:'!’ng Consultant

Golden Middle East Oil Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : The canstruction of different services station

BH-01 N: E:

Project Location : Road (highway) airport

Drilling Company :Assari Engineering Consultant Co.

Soil Classification System ; _Y-S-C3
Weather Condation : Partly cloudy and cool

Cleint : Golden Middle East Qil Services Company

Ground Surface Elevation, m :

Rig Type : unimog atlas copco

Ground Water Table, m : Mot encountered

Drilling Method : hollow-stem auger method

Date Begun : 26/12/2021

Site Supervisor : Eng.Abubakr Anakoa

Date Completed : 26/12/2021

Description Lithology

g ¢ £/ 3| 8| 8

2| 3|85 =| ®| S

Fl2|5|=z|=|5%5|=

3| 2 =

R

3 =

=

o w
0.0 —

-+ [ -— MA | NA | NA
10—

4 o5 14 MA. | NA | NA
2oL | s 06 | NA | NA | NA.
so—L | D5 lOverso| NA. | NA | NA.
sp_| B8 30 | NA [ NA | NA

Light brown Silty fine grained Sand (Backfill soil),
non plastic fines, dry, very wesk cementation.

SAND (Backfill soil), weak cementation, non
plastic, dry.

Mo. of blows: (05)(06)(08)

(SM) Loose, light brown, fine grained sifty SAND
{Backfill soil). Gravel (0.0%), Sand (84.6%), Fines
(15.4%),wedk cementaion, non plastc, dry.

Na. of blows: (02)(03)(03)

(SM) Very dense, light brown to brownish whice,
Calcareous fineto medium grained siky SAND
with littlegravel. Gravel [15.7%), Sand [78.6%),
Fines(25.8%), non plastic, moist.

No. of blows: [Over 50)

(ML) Light brown to brownish white, fine Sandy
SILT whit few fine gravel.Gravel[1.8%), Sand
(40.1%), Fines (51.8%), very stiff, low pEstt iy,
moist.

Na. of blows: (11)(14)(16)

Continue MNext Page.

M.A. - Not Applicable.

DS: Disturbed Sample. TCR.Total Core Recovery. SCR: Solid Core Recovery.
RQD: Rock Quality Designation. SL:Sample lose ST:Shelby Tube Sample

Sheet: lof2

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT




Project:
The construction of modern and different services stations,
Airport Road.
Ne Job: 223 Ne° Revision: 0.0 i
Golden Middle East Trivoli Ci Assari . )
Oil Services Co. Page: 51 of 103 TRy A:ty’ Date: 27/12/2021 | 7 ShE LA
'Contractor’ consulting
= et et ﬁu um'!nh;k

Assari/Eng!’nee."!’ng Consultant

Golden Middle Ezst Oil Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : i i i i
] The construction of different services station BH-01 N - E:

Project Location : Road (highway) airport

Drilling Company :Assari Engineering Consultant Co.

Soil Classification System : _Y-S.CS
Weather Condation : Partly cloudy and coal

Cleint : Golden Middle East il Services Company

Ground Surface Elevation, m :

Rig Type : Unimog atlas copco

Ground Water Table, m : Mot encountered

Drilling Method :  hollow-stem auger method Date Begun: 2611212021

Site Supervisor : Eng.Abubakr Anakoa

Date Completed : 26/12/2021

HEBREEEE
(2]
';._ _2 g — A ] o i
E = = = = = . .
sl=| 2| % == Description Lithology
23|z
=
F4 o
I (ML) Light brown to brown, fine Sandy SILT whit
T trace gravelGravel (0.83%), Sand (41.0%), Fines
50— oS 30 N.A | NA | NA | (58.2%), very =iff, low plasticity, moist.
: Mo, of blows: [11)(14)(16)
T Light brown ta brown, fine Sandy SILT whit trace
T gravel, very stiff, lbw plasticity, moist.
60— No. of blows: (07)(10){10)
1| o 20 | NA| NA| NA
70— Tt T TT T T T T T T T T T T
(ML) Light brown to whitish brown, fineto
T medium grained Sandy SILT whit trace
1 gravel.Gravel (4.0%), Sand (17.0%), Fines (79.2%),
very iff, low plasticity, moist.
4= B[ NANANA o biows: (07)(11){12)
20—
T {MH) Brown to dark brown, inorganic SILT wit
T trace of fine sand.Gravel (0.0%), Sand (2.4%),
g0 Fines (97.6%), hard, high plasticity (high
' compressibility), moist.
1% 30| NANANA o of biows: (07)(09)(21)
100
End of borehole & 9.95m depth.
DS: Disturbed Sample. TCR:T otal Core Recovery. SCR: Solid Core Recovery. Sheet: 20f2

MN_A_ - Mot Applicable.

RQD: Rock Quality Designation. SL:Sample lose ST:Shelby Tube Sample
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Assari/Eng!’neer:’ng Consultant

Golden Middle East Oil Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : The construction of different services station

BH-02 N: E:

Project Location : Road (highway) airport

Drilling Company :Assari Engineering Consultant Co.

Soil Classification System ;_Y-S.C3
Weather Condation : Partly cloudy and cool

Cleint : Golden Middle East il Services Company

Ground Surface Elevation, m :

Rig Type : Unimog atlas copco

Ground Water Table, m : Mot encountered

Drilling Method : hollow-stem auger method

Date Begu" : 26M212021

Site Supervisor : Eng Abubakr Anakoa

Date Completed : 26/12/2021

Description Lithology

HERBREBAE
2| =2 2] 5 | @mm| o
= = g = = == ==
3% 5%
- 3 a0
= £
= @®
L]
00—
+ | b= — | NA [ NA | NA
10—
1| D8 13 | NA [ NA | NA
20| D8 14 | NA [ NA | MA
30| D8 17 | MA [ NA | MA
20| D8 08 | NA | NA | NA

e
{ [SM) Medium dense, ight brown, siky fine

Light brown Silty finegrained Sand (Backfill soil),
non plastic fines, dry, very weak cementation.

grained SAND (Backfill soil). Gravel (0.0%), Sand
(84.6%), Fines [15.4%),weak cementation, non
plastic, moist.

No. of blows: (02)(04)(09)

[SP) Medium dense, ight brown, poorly graded,
finegrained SAND (Dune Sand) with trace gravel
(Backfill soil). Gravel (0.2%), Sand (96.2%), Fines
[3.6%,), weak cementation, non plastic, most.
No. of blows: (03)(05)(09)

[SM) Medium dense, ight brown to brown, fine
grained sty SAND with tracegravel. Gravel
(0.8%), Sand (83.1%), Fines (23.3%), non plastic,
wegk cementation, moist.

No. of blows: (04)(07)(10)

Loase, light brown to brown, silty fine grained
SAND with tracegravel, non plastic, weak
cementation, most.

No. of blows: (02)(03)(05)

Continue Mext Page.

M.A. - Not Applicable.

DS: Disturbed Sample. TCR:Total Core Recovery. SCR: Solid Core Recovery.
RQD: Rock Quality Designation. SL:Sample lose ST:Shelby Tube Sample

Sheet: 1of2

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT




Project:
The construction of modern and different services stations,
! ‘ Airport Road.
=0/ . A
[EXTE=TITE PO ————
. N° Job: 223 N° Revision: 0.0
Golden Middle East Trivoli Cit Assari . )
: : ripoi C1 Ssari1 engineerin
Oil Services Co. Page: 53 of 103 IE’IBY A Yo | Date: 27/12/2021 o gltin &
"Contractor” ulting
__.:---—--.. ‘ma!u-mh
Assar!'/Eng:'neeJ':’ng Consultant Golden Middle East Oil Services Company
Project Number : 20165 Borehole No. Coordinates
PTOJECT Name : The construction of different services station BH-02 N -
Project Location : Road (highway) airport N _ i
b 'I:' c ——— Soil Classification System : _Y-5CS
rilling Company :Assari Engineering Consultant Co. Weather Condation : Partly cloudy and coal
Cleint : Golden Middle East 0il Services Company Ground Surface Elevation, m :
Rig Type : unimog atlas copco Ground Water Table, m : Not encountered
Drilling Method :  hollow-stem auger methad Date Begun : 26/12/2021
Site Supervisor : Eng.Abubakr Anakoa Date Completed : 26/12/2021
HEBRBRBEHE
2|3 g - | =| B| S
: = = 2 e e — .
A - e Description Lithology
23|z
= o
I (ML) Light brown to whitsh brown, fine Sandy
T SILT whit trace gravel. Gravel (0.3%), Sand
sog—| 5 28 NA. | NA | N.A | (49.3%), Fines (50.4%),Very stif, low plagticity,
' moist.
T Mo. of blows: (08)(11)(17)
T Light brown towhitsh brown, fine grained Sandy
T SILT whit tracegravel, hard, low plasticity, moist.
80— No. of blows: (12){14)(18
1| os 32 [ NA. | NA. |, | MO OF Blows (12)014](18)
70— -~ — o m -
(ML) Light brown to whitish brown, fineto
T medium grained Sandy inorganic SILT whit trace
1 gravel.Gravel (3.6%), Sand (34.1%), Fines (62.3%),
very iff, low plasticity imedium
1| os 26 | NA | NA | NA | o biity), mois
80— No. of blows: (03){11)(15)
T (SM) Medium dense, ight brown to brown, fine
T graned silty SAND with trace gravel. Gravel
90— (0.4%), Sand (60.3%), Fines(39.3%), non plastic,
’ wesk cementation, dry.
4| B 30 | NAPNANA W of blows: (07)(13)(17)
10.00 1
End of borehole & 9.95m depth.
DS: Disturbed Sample. TCR T otal Core Recovery. SCR: Solid Core Recovery. Sheet: 20f2
RQD: Rock Quality Designation. SL:Sample lose 3T:Shelby Tube Sample :
M.A. - Mot Applicable.
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——maa

Assari /Eng ineering Consultant

BOREHOLE LOG <)

Golden Middle East Oil Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : The construction of different services station

BH-03 N: E:

Project Location : Road (highway) airport

Drilling Company :Assari Engineering Consultant Co.

Soil Classification System :_Y-5.C.5
Weather Condation : _Partly cloudy and cool

Cleint : Golden Middle East Qil Services Company

Ground Surface Elevation, m :

Rig Type : ywE-D90R

Ground Water Table, m :_Not encountered

Drilling Method :  hollow-stem auger method Date Begun : 28/12/2021

Site Supervisor : Eng.Abubakr Anakoa

Date Completed : 28/12/2021

w ‘yydag

w ‘1A9
anep-N LdS
% HOL

adf) ajdweg

% YOS

% by

Description Lithology

00—

LY, Juu

MA.

MA.

M.A.

MA.

MA.

MA.

MA.

MLA.

MA.

MA.

Light brown Silty finegrained Sand [Backfil sofil),
non plastic fines, dry, very weak cementation.

grained SAND (Backfill soil). Wesk cementation,
non plastic, dry.
No. of blows: (05)(10)(09)

Loose, light brown to brown, sikty fine grained
SAND (Backfill soil). Weak cementation, non
plastic, dry.

No. of blows: (04)(05)(04)

(SM) Medium dense, ight brown to brown, fine
graned sifty SAND with trace gravel. Gravel
(0.1%), Sand (83.5%), Fines (16.4%), non plastic,
wegk cementation, dry.

No. of blows: (04)(07)(10)

Calcareous, fineto medium grained siky SAND
with littlegravel. Gravel (18.4%), Sand (41.5%),
Fines (40.1%), non plastic, weak cementation,
dry.

No. of blows: (08)(18)(20)

Continue MNext Page.

MNLA. - Mot Applicable.

DS: Disturbed Sample. TCR. T otal Core Recovery. SCR: Solid Core Recovery.
RQD: Rock Quality Designation. SL:Sample lose 3T:Shelby Tube Sample

Sheet: 1of2
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Assart /Eng:'neeJ -ing Consultant

Golden Middle East Oil Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : The construction of different services station BH-03 N: E-

Project Location : Road (highway) airport

Drilling Company Assari Engineering Consultant Co.

Soil Classification System ; _Ys.C3
Weather Condation : _Partly cloudy and cool

Cleint : Golden Middle East Qil Services Company

Ground Surface Elevation, m :

Rig Type : vwE-D90OR

Ground Water Table, m :_Not encounterad

Drilling Method : hollow-stem auger method Date Begun : 28/12/2021

Site Supervisor : Eng.Abubakr Anakoa

Date Completed : 28/12/2021

AFRRBEBE
2218|1722 ¢ .
= = == 2 = . .
3| % 2| = F Description Lithology

3|2
=
4 ©
I Very dense, light brown, Calcar eous, fine to
T o medium grained sity SAND with litle gravel, non
so_| o8 5uer MA | NA | MA | plast, dry.
No. of blows: (12)(35/10) (Refused)
T (5M) Medium dense, Beht brown to brown, fine
T grained sty SAND with few gravel Gravel (5.2%),
60— Sand (57.7%), Fines (37.1%), non plagic, weak
’ cementation, dry.
L= 28| NACDNA - NA o of blows: (O7){11)(17)
70— T
Medium dense, lght brown to brown, fine
T grained sty SAND with few gravel non plastic,
1 wedsk cementation, dry.
1| s 26 | Na | na | wna | Mo OF Blows (O7)L1)3)
BO—
T (ML) Light brown to brown, fine to medium
T graned Sandy norganic SILT whit trace
so—— gravel. Gravel (2.6%), Sand (26.0%), Fines (71.7%),
’ very siff, low plasticity (medium
1| os B NA | NA | NA | o Chifty), mois.
1 No. of blows: (07)(13)(15)
100 —|—
End of borehole & 9.95m depth.

M.A. - Not Applicable.

DS: Disturbed Sample. TCR T otal Core Recovery. SCR: Solid Core Recovery.
RQD: Rock Quality Designation. SL:Sample lose ST:Shelby Tube Sample

Sheet: 20f2
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Assari /Eng!'nee:'!’ng Consultant

Golden Middle East Oil Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : The canstruction of different services station

BH-04 N: E:

Project Location : Road (highway) airport

Drilling Company :Assari Engineering Consultant Co.

Soil Classification System ; _Y-S-C3
Weather Condation : Partly cloudy and cool

Cleint : Golden Middle East Qil Services Company

Ground Surface Elevation, m :

Rig Type : vweE-DI0R

Ground Water Table, m : Mot encountered

Drilling Method : hollow-stem auger method

Date Begun : 27/12/2021

Site Supervisor : Eng.Abubakr Anakoa

Date Completed : 27/12/2021

Description Lithology

IERBRERE
= | 3| 2| 3| 2| 2| o
I 2 g = | =] = =
3| ° =

4| 5| =
3 =
=

H @

00—
4| os — | NA | NA [N

10—
1| os 24 | NA | NA | NA

20| B8 21 | NA | NA | NA

20| D8 23 | NA | NA | NA
so—| o5 33 | NA | NA | NA

Light brown Silty fine grained Sand (Backfill soil),
non plastic fines, dry, very wesk cementation.

grained SAND [Backfill soil). Wesk cementation,
non plastic, dry.

Mo. of blows: (06)(12)(12)

(SM) Medium dense, Bght brown to whitish
brown, fine grained silty SAND with trace gravel.
Gravel (1.4%), Sand (53.4%), Fines (45.2%), non
plast, wesk cementation, dry.

Mo, of blows: (09)(10(11)

(SM) Dense, light brown to whitish brown,
Calcareous finegrained sity SAND with trace
jgravel. Gravel (5.0%), Sand [58.1%), Fines
(36.9%), non plastic, weak cementation, dry.
No. of blows: (13)(23){20)

Dense, light brown towhiish brown, Calcareous
finegrained sity SAND with trace gravel non
plastc, weak cementation, dry.

Mo, of blows: (07)(18)(15)

Continue MNext Page.

M.A. - Not Applicable.

DS: Disturbed Sample. TCR.Total Core Recovery. SCR: Solid Core Recovery.
RQD: Rock Quality Designation. SL:Sample lose ST:Shelby Tube Sample

Sheet: lof2
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Project:
The construction of modern and different services stations,
! ‘ Airport Road.
=0/ . A
[EXTE=TITE PO ————
. N° Job: 223 N° Revision: 0.0
Golden Middle East Trivoli Cit Assari . )
: : ripoi C1 Ssari1 engineerin
Oil Services Co. Page: 57 of 103 IE’IBY A Yo | Date: 27/12/2021 o gltin &
"Contractor” ulting
__.:---—--.. ‘ma!u-mh
Assari {Engineering Consultant Golden Middle East Oil Services Gompany
Project Number : 20165 Borehole No. Coordinates
PTOJECT Name : The construction of different services station BH-04 N - E:
Project Location : Road (highway) airport N _ i
b 'I:' c ——— Soil Classification System : _Y-5CS
rilling Company :Assari Engineering Consultant Co. Weather Condation : Partly cloudy and coal
Cleint : Golden Middle East 0il Services Company Ground Surface Elevation, m :
Rig Type : vwE-DIOR Ground Water Table, m :_Not encounterad
Drilling Method :  hollow-stem auger methad Date Begun : 27/12i2021
Site Supervisor : Eng.Abubakr Anakoa Date Completed : 27/12/2021
HEBRBRBEHE
2|3 g - | =| B| S
: = = 2 e e — .
A - e Description Lithology
o (]
I (ML) Light brown to brown, fine to medium
T o graned Sandy norganic SILT whit trace
so_| o8 Ve | na. | WA | NA. | Eravel Gravel [0.1%), Sand (26.9%), Fines (73.0%),
: 50 hard, low plasticity (medium compressiility),
T moist.
1 MNo. of blows: [Over 50)
T Dense, light brown to brown, fine grained siky
6.0 —— SAND with few gravel non plastic, weak
’ cementation, dry.
4|5 3 NANA D NA s of blows: (17)(16)(20)
70— -~
(ML) Light brown to brown, fine to medium
T graned Sandy norganic SILT whit few
1 gravel.Gravel (5.1%), Sand (41.5%), Fines (53.4%),
hard, low plasticity (low compressibility), dry.
T b3 H NA- | NA- NA. MNo. of blows: (07)(13)(18)
BO—
T Light brown to brown, fine to medium grained
T Sandy inorganic SILT whit trace grave. Hard, low
90— plasticity {ow com pressibility), dry.
’ No. of blows: [17)(23)(20)
1| os 43 | ma | Ma | na
10.00 1
End of borehole & 9.95m depth.
DS: Disturbed Sample. TCR T otal Core Recovery. SCR: Solid Core Recovery. Sheet: 20f2
RQD: Rock Quality Designation. SL:Sample lose 3T:Shelby Tube Sample :
M.A. - Mot Applicable.
 assari.gec Address: Janzour — 12 km- Tripoli- Libya
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Project:

The construction of modern and different services stations,

Airport Road. @

Ne Job: 223 Ne Revision: 0.0
Golden Middle East Trivoli Ci Assari . .
Oil Services Co. Page: 58 of 103 TRy :y’ Date: 27/12/2021 | 7 ShE LA
"Contractor” consulting

Assari / Engineering Consultant

Golden Middle East Oil Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : The construction of different services station BH-05 N: E:

Project Location : Road (highway) airport

Drilling Company :Assari Engineering Consultant Co.

Soil Classification System : _U-S.CS

Weather Condation : Partly cloudy and cool

Cleint : Golden Middle East Oil Services Company

Ground Surface Elevation, m :

Rig Type : Unimog atlas copco

Ground Water Table, m : Mot encountered

Drilling Method :  hollow-stem auger method

Date Begu“ : 271212021

Site Supervisor : Eng.Abubakr Anakoa

Date Completed : 27/12/2021

ARBRBBERE
[7]
'g.,_ é g ; ~ -~ = .
= = = s = . .
A = | Description Lithology
S| 3|2
=
4 @
o7 ———————————_———— ——— —
Light brown Silty fine grained Sand [Backfill soil),
-+ non plastic fines, dry, very wesk cementation.
-+ Ds -— MNA | NA | MA.
e mmm e —
10 —— Medium dense, light brown, silty fine grained
SAND (Backfill soil). Weak cementation, non
1| os 11 [ nA | MA | Ma | Plaste, dry. [DuneSand)
.No. of blows (03)i04)(07)
T Loase, light brown, sty finegrained SAND
1 | Backfill soil). Weak cementation, non plastic,
dry. (Dune Sand)
20| D8 07 | NA | NA. | NA. | -No.of blows (02)(03)(04)
T (SM) Medium dense, ight brown to brown, fing
1 grained sty SAND with tracegravel. Gravel
(4.8%), Sand (55.9%), Fnes(39.3%), non plastic,
30——| D8 12 [ NA | MA. | NA | weskcementation, dry.
: No. of blows: (02)(03)(09)
T (SM) Medium dense, ight brown to whitish
1 brown, fine grained silty SAND with trace gravel.
Gravel [4.2%), Sand [45.9%), Fines (49.9%), non
ap—_| Ds 23 | NA | NA | NA | plastc, wesk cementation, dry.
- No. of blows: (07)(11)(12)
T Continue Next Page.

DS: Disturbed Sample. TCRT otal Core Recovery. SCR: Solid Core Recovery.
RQD: Rock Quality Designation. SL:Sample lose ST:Shelby Tube Sample
MN.A. - Not Applicable.

Sheet: 1of2
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Project:

The construction of modern and different services stations,

Airport Road. @

Ne Job: 223 Ne Revision: 0.0
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"Contractor” consulting

Assari /Eng ineering Consultant

Golden Middle East 0il Services Company

Project Number : 20165

Borehole No. Coordinates

Project Name : i i i i
] The construction of different services station BH-05 N - E:

Project Location : Road (highway) airport

Soil Classification System : _Y-5CS

Drilling Company :Assari Engineering Consultant Co.

Weather Condation : Partly cloudy and cool

Cleint : Golden Middle East 0il Services Company

Ground Surface Elevation, m :

Rig Type : unimog atlas copco

Ground Water Table, m :_Not encounterad

Drilling Method :  hollow-stem auger methad Date Begun : 27/12/2021

Site Supervisor : Eng.Abubakr Anakoa

Date Completed : 27/12/2021

s | g S| 2| &l 3
2|3 g - | =| B| S
E = = = = = . . H
~|=| 7 E =| = Description Lithology
S| 3|2
=
F @
I Medium dense, lght brown to whitish brown,
T finegrained sitty SAND with trace gravel Non
50——| D5 18 | NA | NA | NA | plastc, wesk cementation, dry.
Mo, of blows: (03)(08)(10)
T {SM) Very dense, Ight brown to whitish brown,
T Calcareous, finegrained silty SAND with trace
6.0 —— gravel. Gravel (5.0%), Sand (51.7%), Fines
’ Over (43.3%), non plastic, Compacted, dry.
T+ = 50 NA. | NA- ) NA Mo. of blows: (20)(0ver 50)
70— T T o T T
Very dense, light brown to whitish brown,
T Calcarecus finegrained sity SAND with trace
1 gravel. Gravel (5.0%), Sand (51.7%), Fines
Over (43.3%), non plastic, Compacted, dry.
+| B sp | MA [ NANA T G o Dlows: [13)(27)(32)
BO—
T (ML) Light brown to whitish brown, fineto
T medium grained Sandy inorganic SILT whit trace
ag—L gravel Gravel (2.5%), Sand (35.7%), Fines (61.8%),
’ hard, low plasticity (low compressibility), moist.
4| B 39 | NAPNANA W of blows: (13)(17)(22)
10.00 1
End of borehole & 9.95m depth.

M.A. - Mot Applicable.

DS: Disturbed Sample. TCR T otal Core Recovery. SCR: Solid Core Recovery.
RQD: Rock Quality Designation. SL:Sample lose 3T:Shelby Tube Sample

Sheet: 2of 2
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Project:
The construction of modern and different services stations,
A\ Airport Road.
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APPENDIX 'B'
Particle Size Distribution
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Project:
A The construction of modern and different services stations, Q
Airport Road. A&
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Project:
The construction of modern and different services stations,
; Airport Road.
e —— o
g i e —
S Ne Job: 223 Ne° Revision: 0.0
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Particle Size Distribution Report
i £% £4 £ g g g3 g EZIE
20
80
70
[i'd
LI
z &0
{1
£ 50
w
Q
[
L
(18
20
10
o
100 10 i O] GIGE]
GRAIN SIZE - mm.
g % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.0 0.1 04 B4.1 154
TEST RESULTS Material Description
Opening Percent Spec’ Pass? Sty Sand
Size Finer {Percent) (X=Fail)
0.53_:'3" 100.0
e 100.0 Atterberg Limits (ASTM D 4318)
= 100.0 PL= NP L= NV Pi= NP
#3 999
£16 00 g Classification
£30 20.6 USCS (D 2487 SM AASHTO (M 145)=  A-2-4(0)
fm 99.5 Coefficients
#30 99.4 Dgg= 0.1374 Dgs= 0.1284 Dgp= 0.1032
£100 93.9 Dgp= 00956 Dag- 00829 Dys=
£200 154 Dig= C= Ce=
Remarks
Date Received: Date Tested: 29/122021
Tested By: En-Omar
Checked By: En-Abubalx
Title:
% {no specification provided)
Source of Sample: BH=1 Depth: 2.0-2 45m .
Sample Numheﬁ': 1 - Chaie Sampled:
Client: Golden Middle East Oil Services Company
l\g Project: Modren Fuel Station at Awport read
_— Project No: Figure

. assari.gec

Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com
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Project:

The construction of modern and different services stations,

Airport Road.
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Particle Size Distribution Report
i £f s £¢ . = g3y 8z BYE
100 ~
~
20
“"‘--..___ ""‘"--.....__
80 { "--.__‘___ {
—— U
70 { ~—
o
- s
o
E =
[15)
0
r 40
{11}
(18
30
20
10
o
100 10 1 0.7 T.01
GRAIN SIZE - mm.
o 43 % Gravel %% Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 15.7 47 8.7 45.1 25.8
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Salty Sand
Size Finer {Percent) (X=Fail)
07" ] 100.0
0.535 844 Atterberg Limits (ASTM D 4318)
3/8" 891 PL= NP LL= NV Pl= NP
#4 843
5% 205 Classification
216 760 USCS (D 2487 SM AASHTO (M 145)= A 2.4(D)
'_':30 335 Coefficients
#40 709 Dgg= 102010 5= 54088 Dgg= 0.1521
250 67.6 Dgg= 0.1167 Dag= 0.0806 Di5=
100 596 Dig= Cy= Ce=
£200 258
Remarks
Date Received: Date Tested: 20/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
" oo specification providad)
Source of Sample: BH=1 Depth: 3.0-3.45m .
Sample Numbee: 2 e Kot Sameied
Client: Golden Middle East 01l Services Company
@ Project: Modren Fuel Station at Awrport Toad
s—— Project No: Figure

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant
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Project:
The construction of modern and different services stations,
; Airport Road.
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Particle Size Distribution Report
s i3 £3 £: : 533 3 £%§
100 —= gy
""""--....
B0 e W =
70 \ -
i
Ll
= &0
ic \
5 =0 -
[11]
0
T 4n
L
o
30
20
10
o
100 i) i 0.1 o0l
GRAIN SIZE - mm.
ag +3m % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 2.1 6.0 7.6 26.5 518
TEST RESULTS Material Description
Opening Percent Spec” Pass? Sandy silt
Size Finer {Percent) [(X=Fail}
0.532" 100.0
38 97.7 Atterberg Limits (ASTM D 4318)
=1 219 PL= NP LL= NV Pl= NP
#2 269
#16 g31 Classification
230 20.0 USCS (D 2487 ML AASHTO (M 145)=  A-HD)
=40 Tg-f Coefficients
=30 76.2 Dgg= 37171 Dgs= 1.6939 Dgg= 0.1031
£100 682 Dgp= D3p= Dy5=
£00 518 Dig= Cy Cem
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
= {no specification provided)
Source of Sample: BH=1 Depth: 4.0-4 45m Date S led:
Sample Number: 3 @ g
Client: Golden Middle East O Services Company
k‘g Project: Modren Fuel Station at Awport road
- Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant
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Project:
The construction of modern and different services stations,
; . Airport Road.
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Particle Size Distribution Report
£ £5 5 £:2 : s 8§ g §%§
100 = s
'h-.__‘__
o | S S0
—
20 TR
70
v
i
z &0
[T
L 50
w
Q
x 40
L
o
30
20
10
0
100 10 i 0.1 a.01
GRAIN SIZE - mm.
o 437 % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.8 30 7.8 30.2 58.2
TEST RESULTS Material Description
Opening Percent Spec” Pass? Sandy silt
Size Finer {Percent) [(X=Fail)
0.53?‘" 100.0
i 100.0 Atterberg Limits (ASTM D 4318)
# 902 PL= NP L= NV Pl= NP
#3 096.9 i =
216 938 Classification
230 00,5 USCS (D2487)= ML AASHTO (M 145)=  AA(D)
ol 84 Coefficients
#30 863 Dgg= 0.3481 Dgg= 0.1364 Dgg= 0.0787
£100 79.8 Dig= D3g= Dq5=
#200 582 Dyg= Ci Co=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubalkr
Title:
] (neo specification providad)y
Source of Sample: BH=1 Depth: 5.0-545m Date S led:
Sample Number: 4 i
Client: Golden Middle East Oil Services Company
g Project: Modren Fuel Station at Awrport road
R Project No: Figure
 assari.gec Address: Janzour — 12 km- Tripoli- Libya

Prepared By: Assari Engineering Consultant
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Project:
The construction of modern and different services stations,
; Airport Road.
=0 e e
e Ne Job: 223 Ne Revision: 0.0 -
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Oil Services Co. Page: 66 of 103 n[[‘)ﬁ;y A: s Date: 27/12/2021 ssarl englltpeerlng
"Contractor” consulting
Particle Size Distribution Report
s sf s§ 53 . = g33 g B
100 T
I T e e A B S
a0 | \
80 i
70
r
L
= 60
i
E =
[1%)
O
r 40
L
o
30
20
10
0
100 10 7 0.7 0.0
GRAIN SIZE - mm.
o 43m % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 4.0 14 13 143 79.0
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Sandy silt
Size Finer {Percent) (X=Fail)
U.S.’r:ﬁl" 100.0
38 100.0 Atterberg Limits (ASTM D 43131,\
#4 96.0 PL= NP LL= NV Pl= NP
#2 947
#16 030 Classification
230 035 USCS (D 2487 ML AASHTO (M 145)=  A-4(0)
S0 o 008 o S
Y ok Dgp= 0. = 0. =
100 91.7 Deg- %ﬁ: 3?2=
#2200 790 Dqyg= Cy= Ce=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
T (oo specification previded)
Source of Sample: BH=1 Depth: 8.0-8 45m Date S led:
Sample Number; 3 SR
Client: Golden Middle East Qil Services Company
@ Project: Modren Fuel Station at Awport road
— . Project No: Figure

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT
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Project:
The construction of modern and different services stations,
; . Airport Road.
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Particle Size Distribution Report
s 5§ 5 5§ 1 e s8¢ § £ ¥ B
™ o= - # * o~ EY = = 3 % = E N T
100 —
a0
80
70
[
[ 1H]
= &0 ! ! !
[T
E & | | . \
w
0
[ 40
[1H]
(1R
30
20
10
o =
100 10 1 0.7 0.01
GRAIN SIZE - mim.
o 13 % Gravel %% Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.0 0.0 00 24 976
TEST RESULTS Material Description
Opening Percent Spec.’ Pass? Sandy silt high plastieity
Size Finer {Percent) {X=Fail)
0.532" 100.0
38 100.0 Atterberg Limits (ASTM D 4318)
#4 100.0 PL= 36 LL= 57 Pl= 21
#8 100.0
#16 100.0 Classification
230 100.0 USCS (D 2487 MH AASHTO (M 145)=  A-7-35027)
%::10 100.0 Coefficients
#30 900 Dog= 0.0626 Dgs= 0.0370 Dgg= 0.0338
£100 998 Dgg= 00233 Dag= 0.0181 Dys= 00157
£00 97.6 Dyg= 0.0149 Cy= 240 Ce= 061
0.0320 mum. 564
0.0211 mm. 442 Remarks
0.0137 mm. 37
0.0097 mm. 28
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
T {no specification providad)
Source of Sample: BH#1 Depth: 9.5-9.95m Date Sampled:
Sample Number: § P
Client: Guolden Middle East O1l Services Company
g Project: Modren Fuel Station at Amwport road
. Project Mo: Figure
 assari.gec Address: Janzour — 12 km- Tripoli- Libya

Prepared By: Assari Engineering Consultant
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Project:
The construction of modern and different services stations,
; Airport Road.
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Particle Size Distribution Report
. . . B
i §3 £5 £ 4 g s 325 § 2% §
80
80
70
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w
z 60
w
E =
i)
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o 40
w
o
3
20
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o
00 10 1 0.1 001
GRAIN SIZE - mm.
a4+ % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.0 0.1 0.4 84.1 154
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer (Percent) (X=Fail)
0.535" 100.0
38" 10:0.0 Atterberg Limits (ASTM D 4318)
=4 100.0 PL= NP L= NV Pl= NP
= 939
216 008 Classification
#30 906 USCS (D 2487)= 5M AASHTO (M 145)=  A-2-4(0)
fjm 9.5 Coefficients
#30 994 Dgg= 0.1374 Dgs= 01294 Dgp= 0.1032
£100 950 Dgg= 0.0956 Dag= 0.0829 Dq5=
£00 154 Dyg= Cy= Ce=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubalx
Title:
. (no spectfication provided)
Source of Sample: BH=2 Depth: 1.0-1.45m Date Sampled:
Sample Number: 1
Client: Golden Middle East O1l Services Company
g Project:  Modren Fuel Station at Amrport road
= —y Project No: Figure
 assari.gec Address: Janzour — 12 km- Tripoli- Libya

Prepared By: Assari Engineering Consultant
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Project:
The construction of modern and different services stations,
; Airport Road.
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Particle Size Distribution Report
£ : £ o o B g B
£ 2E BF BR x E § 8§ B : 7 §
o0
80
70
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w
= 80
Lio
E =
w
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or 40
L
a
30
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10
o
100 10 1 0.1 0.01
GRAIN SIZE - mm.
% 43" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.2 0.0 03 959 EX]
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Poorly graded sand with silt
Size Finer {Percent) {X=Fail)
0.535" 100.0
38" 100.0 Atterberg Limits (ASTM D 4318)
#4 998 PL= NP L= NV Pl= NP
#3 998 ) .
£16 90 7 Classification
230 206 USCS (D 2487)= SP AASHTO (M 145)= A3
‘:-*40 993 Coefficients
#30 921 Dgg= 0.1966 Dgs= 0.1762 Dgp= 0.1251
100 751 Dgg= 0.1130 Dag= 0.0940 Dys= 00836
£00 36 Dyg= 0.0791 Cy= 138 Ce= 089
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
¥ {no specification provided)
Source of Sample: BH=2 Depth: 2.0-2.45m Date Sampled:
Sample Number: 2 P
Client: Geolden Middle East Oil Services Conmpany
Project: Modren Fuel Station at Airport road
S Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT




Project:
The construction of modern and different services stations,
; Airport Road.
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Particle Size Distribution Report
B . £ e s o B %8
£ £z 237 2= 1 : § 8§ 8 2 1 %
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GRAIN SIZE - mm.
3 43" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.8 0.8 1.0 74.1 233
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer {Percent) (X=Fail)
0.535" 100.0
38" 100.0 Atterberg Limits (ASTM D 4318)
=4 902 PL= NP LL= NV Pl= N
#8 983 B .
216 080 Classification
#30 977 USCS (D 2487)= SM AASHTO (M 145)=  A-2-4(0)
fﬁlﬂ 974 Coefficients
#50 96.7 Dgp= 0.1444 Dgs= 0.1337 Dgo= 0.1021
£100 920 Dgg= 0.0934 D3g= 00792 Dq5=
#200 213 Dyg= Cy= Cp=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
y {no spectfication pronided)
Source of Sample: BH=2 Depth: 2.0-3.45m Date Sampled:
Sample Number: 3
Client: Golden Middle East O1l Services Company
g Project: Modren Fuel Station at Amrport road
=" Project No: Figure
 assari.gec Address: Janzour — 12 km- Tripoli- Libya

Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT

Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com




Project:
The construction of modern and different services stations,
; Airport Road.
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GRAIN SIZE - mm.
3 43" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.3 0.6 34 45.3 504
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Sandy silt
Size Finer {Percent) (X=Fail)
0.535" 100.0
38" 100.0 Atterberg Limits (ASTM D 4318)
=4 907 PL= NP LL= NV Pl= NP
it 992 " a
216 086 Classification
#30 975 USCS (D 2487)= ML AASHTO (M 145)=  A-4(0)
fﬁlﬂ 9‘§3 Coefficients
#50 932 Dgg= 0.1876 Dgs= 0.1485 Dgo= 0.0870
2100 853 Dgp= D3p= Dq5=
=200 504 Dyp= Cy= Cp=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
y {no spectfication pronided)
Source of Sample: BH=2 Depth: 5.0-5.45m Date S led:
Sample Number: 4 silons i
Client: Golden Middle East O1l Services Company
g Project: Modren Fuel Station at Amrport road
-2 Project No: Figure
 assari.gec Address: Janzour — 12 km- Tripoli- Libya

Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT

Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com
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GRAIN SIZE - mm.
55 43" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 16 22 34 28 5 623
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Sandy silt low plasticity
Size Finer {Percent) {X=Fail)
0.335" 100.0
3/8” 100.0 Atterberg Limits (ASTM D 4318)
=4 964 PL= 27 LL= 40 PI= 13
=2 945 . ;
#16 035 Classification
230 1 USCS (D 2487)= ML AASHTO (M 145)=  A-6(7)
_:_’-*"m 90.8 Coefficients
#30 89.0 Dgg= 0.3583 Dgg= 0.1932 Dgg=
#100 80.9 Dig= D30 Dys=
=100 623 Dyg= Cy= Ce=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubalr
Title:
* {no specification provided)
Source of Sample: BH=2 Depth: £.0-2.45m Date Sampled:
Sample Number; 3
Client: Golden Middle East O1l Services Company
g Project: Modren Fuel Station at Awrport road
S Project No: Figure
 assari.gec Address: Janzour — 12 km- Tripoli- Libya

Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT

Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com
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The construction of modern and different services stations,
; Airport Road.
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GRAIN SIZE - mm.
o 43 % Gravel %% Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.4 13 37 554 393
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer {Percent) {X=Fail)
0.335" 100.0
38" 100.0 Atterberg Limits (ASTM D 4318)
=] 996 PL= NP L= NV Pl= NP
=2 986 - .
216 977 Classification
230 96 1 USCS (D 2487)= 5M AASHTO (M 145)=  A-4(0)
=40 94-3 Coefficients
#30 932 Dgg= 0.2435 Dgg= 0.1845 Dgg= 0.1038
#100 785 Dgg= 0.0284 Dyp= Dyg=
#200 393 D4g= Cy= Ce=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubalx
Title:
" (no specification provided)
Source of Sample: BH=2 Depth: 9.5-9.95m :
Sample Number: 6 Dt sampied
Client: Golden Middle East 01l Services Company
L\‘:& Project:  Modren Fuel Station at Airport road
e Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT




Project:
A The construction of modern and different services stations,
Airport Road.
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GRAIN SIZE - mm.
o +3" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.1 0.1 0.3 g83.1 16.4
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand low plasnicity
Size Finer (Percent) (X=Fail)
0.535" 100.0
3f’| 8" 100.0 Atterberg Limits (ASTM D 4318)
=4 99.9 PL= NP LL= NV Pl= N
#8 99.8 -
416 99 7 Classification
439 = USCS (D 2487)=  SM AASHTO (M 145)=  A-2-4(0)
"fg gg; Coefficients
#5 - Dgg= 0.1474 Dgs= 0.1369 Dgo= 0.1057
£100 91.0 D5p= 0.0972 Dag= 0.0831 D15=
#200 16.4 D1g= Cy= Cc=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
¥ (no specification provided)
Source of Sample: BH=3 Depth: 3.0-3.45m Date Sampled:
Sample Number: 1
Client: Golden Middle East Oil Services Company
Project: Modren Fuel Station at Airport road
Project No: Figure

 assari.gec Address: Janzour — 12 km- Tripoli- Libya

Phone: +2182174897965 / +218913649893 Prepared By: Assari Engineering Consultant
E-mail: Assari.gec@yahoo.com GEOTECHNICAL INVESTIGATIONS FINAL REPORT




Project:
A The construction of modern and different services stations,
Airport Road.
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GRAIN SIZE - mm.
o +3 % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 18.4 4.7 4.7 321 40.1
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer (Percent) (X=Fail)
0.535" 100.0
3/8" 886 Atterberg Limits (ASTM D 4318)
4 8l6 PL= NP LL= NV Pl= NP
#8 716 . 3
#16 754 Classification
30 714 USCS (D 2487)= SM AASHTO (M 145)=  A-4(0)
r—IO 722 Coefficients
#30 ?0-{? Dgp= 10.0527 Dgs= 7.8463 Dgp= 0.1334
£100 59.5 Dsp= 0.1042 D3g= D15=
£200 401 D1p= Ccy= Cc=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
’ (no specification provided)
Source of Sample: BH#3 Depth: 4.0-4.45m Date Sampled:
Sample Number: 2
Client: Golden Middle East Oil Services Company
@ Project: Modren Fuel Station at Airport road
il ARl it i
il Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant
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Project:
A The construction of modern and different services stations,
Airport Road.
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GRAIN SIZE - mm.
o +3" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 52 132 13 55.2 371
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer (Percent) (X=Fail)
0.535" 100.0
3:{ 8" 100.0 Atterberg Limits (ASTM D 4318)
#4 948 PL= NP LL= NV Pl= NP
#3 93.7 .
£16 931 Classification
139 o8 USCS (D2487)= SM AASHTO (M 145)=  A-4(0)
"‘12 gf% Coefficients
#5 5 Dgg= 0.2406 Dgs= 0.1579 Dgo= 0.0997
=100 842 Dgp= 0.0878 D3p= 15=
#200 371 Dip= cy= Cc=
Remarks
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
* (no specification provided)
Source of Sample: BH#3 Depth: 6.5-6.95m Date Sampled:
Sample Number: 3
Client: Golden Middle East O1l Services Company
Project: Modren Fuel Station at Airport road
Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT




Project:
A The construction of modern and different services stations,
; Airport Road.
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GRAIN SIZE - mm.
o +3 % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 23 0.6 1.0 244 71.7
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Sandy silt
Size Finer {Percent) (X=Fail)
0.535" 100.0
/8" 97.8 Atterberg Limits (ASTM D 4318)
#4 97.7 PL= 24 LL= 31 Pl= 7
#3 97.2 o
216 96.8 Classification
?51-30 96:5 USCS (D 2487)= ML AASHTO (M 145)= A-4(4)
-’:’:"fo 96.1 Coefficients
#50 95.8 Dgp= 0.1364 Dgs= 0.1119 Dgp= 0.0545
#100 91.8 Dgg= 0.0420 Dag= 00258 Dq5= 0.0189
#200 717 D1p= 0.0170 Cy= 321 Ce= 0.72
0.0335 mm. 411
0.0224 mm. 235 Remarks
0.0137 mm. 30
0.0097 mm. 2.0
Date Received: Date Tested: 29/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
* (no specification provided)
Source of Sample: BH=3 Depth: 9.5-9.95m Date Sampled:
Sample Number: 4
Client: Golden Middle East Oil Services Company
@ Project: Modren Fuel Station at Airport road
— Project No: Figure

. assari.gec

Phone: +2182174897965 / +218913649893

E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT
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The construction of modern and different services stations,

f‘g& Airport Road.
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GRAIN SIZE - mm
% 43" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 14 02 1.6 51.6 452
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
size Finer (Percent) (X=Fail)
0.535" 100.0
3/8" 1000 Atterberg Limits (ASTM D 4318)
#4 98.6 PL= NP LL= NV Pi= NP
#8 98.5 S
216 979 Classification
#30 974 USCS (D 2487)= SM AASHTO (M 145)= A-4(0)
#40 96.8 Coefficients
fFDG 95-_{' Dgg= 0.1361 Dgs= 0.1345 Dgp= 0.0908
#100 895 Dsp= 0.0797 D3p= Di5=
#200 452 Dig= Cu= Cz=
Remarks
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
" (no specification provided)
Source of Sample: BH#4 Depth: 2.0-2.45m Date Sampled:
Sample Number: 1
Client: Golden Middle East Oil Services Company
@ Project: Modren Fuel Station at Airport road
" Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT
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GRAIN SIZE - mm.
o +3" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 5.0 24 35 522 369
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer (Percent) (X=Fail)
0.535" 100.0
38" 100.0 Atterberg Limits (ASTM D 4318)
#4 95.0 PL= NP LL= NV PI= NP
#3 929 P
216 9138 Classification
430 908 USCS (D 2487)= SM AASHTO (M 145)= A-4(0)
“;‘g 22 1 Coefficients
# ; Dgg= 0.4885 Dgs= 0.2383 Dgo= 0.1051
#100 77.7 D5p= 0.0903 D30= D15=
#200 369 Dig= Cy= Ce=
Remarks
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
¥ (no specification provided)
Source of Sample: BHz4 Depth: 3.0-3.45m Date Sampled:
Sample Number: 2
Client: Golden Middle East O1l Services Company
Project: Modren Fuel Station at Airport road
Project No: Figure

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT
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GRAIN SIZE - mm.
o 43" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 0.1 0.1 24 244 73.0
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Sandy silt low plasticity
Size Finer (Percent) (X=Fail)
0.535" 100.0
3/8" 100.0 Atterberg Limits (ASTM D 4318)
#4 999 PL= 26 LL= 37 PI= 11
#3 998 o
416 99 7 Classification
230 98 7 USCS (D 2487)= ML AASHTO (M 145)= A-6(8)
“‘40 974 Coefficients
#30 95.6 Dgg= 0.1556 Dgs= 0.1209 Dgg= 0.0294
#100 89.4 Dsp= 0.0196 D3p= 0.0160 D4s5= 0.0136
#200 730 Dyg= 00126 Cy= 233 Cc= 069
0.0314 mm. 61.1
0.0205 mm. 53.1 Remarks
0.0134 mm. 136
0.0098 mm. 18
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
N (no specification provided)
Source of Sample: BH#4 Depth: 5.0-5.45m Date Sampled:
Sample Number: 3
Client: Golden Middle East Oil Services Company
@ Project: Modren Fuel Station at Airport road
— Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT
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GRAIN SIZE - mm.
o +3" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt
0.0 0.0 5.1 1.2 1.7 38.6 534
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Sandy silt
Size Finer (Percent) (X=Fail)
0.535" 100.0
3/8" 97.0 Atterberg Limits (ASTM D 4318)
=4 949 PL= NP LL= NV Pi= NP
48 939 —
216 932 Classification
30 96 USCS (D 2487)= ML AASHTO (M 145)=  A-4(0)
F‘;'g gi g Coefficients
# : Dgg= 0.2234 Dgs= 0.1554 Dgo= 0.0850
#100 84.1 Dso= D3p= D15=
#200 534 Dig= Cy= Cc=
Remarks
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
T (no specification provided)
Source of Sample: BH#4 Depth: 8.0-8.45m Date Sampled:
Sample Number: 4
Client: Golden Middle East Oil Services Company
@ Project: Modren Fuel Station at Airport road
== Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant
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Project:
AQ& The construction of modern and different services stations,
A Airport Road.
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GRAIN SIZE - mm.
o, 437 % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt
0.0 0.0 4.8 1.7 2.0 52.2 39.3
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer (Percent) (X=Fail)
0.535" 100.0
/8" 98.3 Atterberg Limits (ASTM D 4318)
#4 95.2 PL= NP LL= NV Pl= NP
#8 93.8 s g
16 927 Classification
#30 922 USCS (D 2487)= SM AASHTO (M 145)=  A-4(0)
igg 3[1)-3 Coefficients
. Dgg= 0.3000 Dgs= 0.1589 Dgp= 0.0978
#100 84.4 D5p= 0.0858 D3p= D15=
#200 393 D4g= Cy= Cc=
Remarks
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
* (no specification provided)
Source of Sample: BH#5 Depth: 3.0-3.45m Date Sampled:
Sample Number: 1
Client:  Golden Middle East Oil Services Company
Project: Modren Fuel Station at Airport road
~ Project No: Figure

. assari.gec
Phone: +2182174897965 / +218913649893
E-mail: Assari.gec@yahoo.com

Address: Janzour — 12 km- Tripoli- Libya
Prepared By: Assari Engineering Consultant

GEOTECHNICAL INVESTIGATIONS FINAL REPORT
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Particle Size Distribution Report
. . E . . £ s = o
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o
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100 10 1 0.1 001
GRAIN SIZE - mm.
o +3" % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt
0.0 0.0 4.2 2.3 2.3 41.3 49.9
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer (Percent) (X=Fail)
0.535" 100.0
3/8" 99.8 Atterberg Limits (ASTM D 4318)
#4 95.8 PL= NP LL= NV Pl= NP
#8 93.8 s
#16 92.7 Classification
#30 01.8 USCS (D 2487)= SM AASHTO (M 145)= A-4(0)
#40 91.2 Coefficients
#50 90.0 Dgg= 0.3000 Dgs= 0.1577 Dgg= 0.0891
#100 83.7 Dsg= 0.0751 D3g= D15=
#200 49.9 Dqo= Cy= Ce=
Remarks
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
N (no spectfication provided)
Source of Sample: BH%S Depth: 4.0-4.45m Date Sampled:
Sample Number: 2
Client: Golden Middle East Oil Services Company
Project: Modren Fuel Station at Airport road
Project No: Figure
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Particle Size Distribution Report
c c % == = i =] o 2 =] 2 =] g ]
= N - = = * 3 P 3 i 3* 3 b &
100 Ny
90 T~
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70
o
W
ped 60
w
= 50
w
(&)}
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w
o
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0
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GRAIN SIZE - mm.
o, +3" % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt
0.0 0.0 5.0 1.1 1.2 49.4 433
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Silty Sand
Size Finer (Percent) (X=Fail)
0.535" 100.0
3/8" 95.5 Atterberg Limits (ASTM D 4318)
#4 95.0 PL= NP LL= NV Pl= NP
#38 94.1 B
#16 938 Classification
#30 931 USCS (D 2487)= SM AASHTO (M 145)=  A-4(0)
’f‘s‘g g;]’-; Coefficients
# - Dgg= 0.2141 Dgs= 0.1428 Dgp= 0.0934
#100 86.8 Dsp= 0.0818 D3g= D15=
#200 43.3 D1g= Cy= Ce=
Remarks
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
* (no specification provided)
Source of Sample: BH#5 Depth: 6.5-6.95m Date Sampled:
Sample Number: 3
Client: Golden Middle East Oil Services Company
2 Project: Modren Fuel Station at Airport road
Project No: Figure
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Particle Size Distribution Report
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GRAIN SIZE - mm.
o, 437 % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt
0.0 0.0 2.5 0.5 0.9 34.3 61.8
TEST RESULTS Material Description
Opening Percent Spec.” Pass? Sandy silt
Size Finer (Percent) (X=Fail)
0.535" 100.0
3/8" 100.0 Atterberg Limits (ASTM D 4318)
#4 97.5 PL= NP LL= NV Pl= NP
#8 97.1 o
£16 96.8 Classification
#30 96.4 USCS (D 2487)= ML AASHTO (M 145)=  A-4(0)
z‘s‘g gg-é Coefficients
. Dgg= 0.1390 Dgs= 0.1204 Dgo=
#100 92.0 Dso= D3p= D1s=
#200 61.8 Dqgp= Cy= Cc=
Remarks
Date Received: Date Tested: 30/12/2021
Tested By: En-Omar
Checked By: En-Abubakr
Title:
* (no specification provided)
Source of Sample: BH#3 Depth: 9.5-9.95m Date Sampled:
Sample Number: 4
Client: Golden Middle East Oil Services Company
Project: Modren Fuel Station at Airport road
Project No: Figure
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APPENDIX 'C’
Liquid and Plastic
limits (ASTM D 4318)
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LIQUID AND PLASTIC LIMITS TEST REPORT
69 60
67
50
65
L]
63
40
E 61 E
E z
8 59 g 30
1
w =
B 7
g w 2
20 0
55 r\(s
53
p 10
s ‘ WL or OL MH ar OH
4 [ T 10 20 25 30 40 0 10 20 30 0 60 K 80 90 100 110
NUMBER OF BLOWS LIQUID LIMIT
J SOURCE SAMPLE# DEPTH/ELEV. DATE SAMPLED uscs MATERIAL DESCRIPTION MM % Lt Pl
L] BH#1 [} 9.5-9.95m MH Sandy silt high plasticity 307 | 57 21

Client Golden Middle East 01l Services Company
Project Modren Fuel Station at Airport road

Project No.

Figure

&
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LIQUID AND PLASTIC LIMITS TEST REPORT
43 | 60
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5 & 7 8 310 0 25 30 m 0 10 20 30 40 §0 70 80 90 100 19
NUMBER OF BLOWS LIQUID LIMIT
J SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uscs MATERIAL DESCRIPTION NM % LL Pl
0 BH#2 1 1.0-145m SM Silty Sand 173 | NV | NP
| #2 2 2.0-2.45m SP Poorly graded sand with silt 150 NV | NP
A BH#2 3 3.0-345m SM Silty Sand 176 NV NP
* BH#2 4 5.0-5.45m ML Sandy silt 186 NV NP
v BH#2 5 8.0-845m ML Sandy stlt low plasticity 138 40 13
Client Golden Middle East O1l Services Company
Project Modren Fuel Station at Airport road 2
el SRy b st
Project Mo. Figure
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LIQUID AND PLASTIC LIMITS TEST REPORT
37 ‘ 60
\
36 ‘
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35
\ .
34 ‘
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£ 3 ‘ &
3 32 h £ 30
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20
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29
10
28 ML or OL MH or OH
27 . | ‘ | 0
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NUMBER OF BLOWS LIQUID LIMIT
J SOURCE SAMPLE# DEPTH/ELEVY. DATE SAMPLED UsCs MATERIAL DESCRIPTION MM % LL Pl
L] BH#3 1 30-345m SM Silty Sand 82 NV NP
| | BH=3 2 4.0-4.45m SM Silty Sand 84 NV | NP
A BH=3 3 6.5-6.95m SM Silty Sand 79 NV | NP
* BH#3 4 9.5-9.95m ML Sandy silt low plasticity 133 31 7
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LIQUID AND PLASTIC LIMITS TEST REPORT
42 i A 60
T Dashed line indic:
|
| 50
40
|
|
39 |
40
|
= >
Zz 38 i
: | :
g a7 i gsu
i b
z | <
= 36 | o
| 20
35
| A
5 |
| 10
|
=3 | I ML or OL MH or OH
e
2 | 0
5 6 7 8 910 20 25 30 40 0 10 20 30 40 50 60 70 8 90 100 110
NUMBER OF BLOWS LIQUID LIMIT
J SOURCE SAMPLE# DEPTH/ELEV. DATE SAMPLED uscs MATERIAL DESCRIPTION NM % LL Pl
(] BH#4 1 2.0-2.45m SM Silty Sand 6.6 NV | NP
[ BHZ4 2 3.0-3.45m SM Silty Sand 43 NV NP
A BH=4 3 5.0-5.45m ML Sandy stlt low plasticity 137 37 11
* BH#4 4 8.0-845m ML Sandy silt 9.6 NV | NP

Client Golden Middle East O1l Services Company
Project Modren Fuel Station at Airport road

Project No.

Figure
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Summary of foundation design parameters
Assumed breadth of Foundation, B (m) Mat
BNo. | PO Nomaa | BlSm | B2om [ Bsm ™ | Estimated, ¢°
B>1.20
0.0 «—Existing ground level
1.45 13 170.50 155.47 146.79 229.10 32.9
2.45 5 64.25 58.59 55.32 86.33 29.0
3.45 37 487.21 44427 419.46 654.67 39.8
BH-01 4.45 23 306.93 279.88 264.25 412.42 38.2
5.45 22 287.51 262.17 247.53 386.34 38.2
6.95 15 196.88 179.53 169.50 264.55 36.5
8.45 16 210.37 191.83 181.12 282.68 37.4
9.95 20 256.91 234.27 221.18 345.22 38.7
0.0 «—Existing ground level
1.45 11 149.92 136.70 129.07 201.45 329
2.45 13 165.65 151.05 142.62 222.59 34.1
3.45 6 81.85 74.63 70.47 109.98 30.7
BH-02 4.45 20 268.35 244.70 231.03 360.58 37.8
5.45 24 315.00 287.24 271.20 423.28 39.0
6.95 18 237.81 216.85 204.74 319.56 38.0
8.45 20 256.91 234.27 221.18 345.22 38.7
9.95 12 158.32 144.37 136.30 212.74 32.5
0.0 «—Existing ground level
1.45 18 231.39 211.00 199.21 310.92 34.8
BH-03 2.45 7 96.37 87.88 82.97 129.50 30.7
3.45 16 204.63 186.59 176.17 274.96 354
4.45 30 388.77 354.51 334.71 522.40 39.2

E-

. assari.gec
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545 37 479.19 436.96 412.55 643.90 40.3
BHL.03 6.95 21 275.63 251.34 237.30 370.37 38.4
8.45 18 237.81 216.85 204.74 319.56 38.0
9.95 18 239.78 218.65 206.44 322.20 38.4
0.0 «—Existing ground level
1.45 22 292.28 266.52 251.64 392.74 36.2
2.45 17 224 .87 205.06 193.60 302.17 35.4
3.45 32 419.00 382.07 360.73 563.02 39.2
BH-04 4.45 26 337.62 307.86 290.67 453.67 38.6
5.45 37 479.19 436.96 412.55 643.90 40.3
6.95 27 354.38 323.15 305.10 476.19 39.5
8.45 22 283.55 258.56 244.12 381.01 38.9
9.95 28 368.24 335.78 317.03 494.81 40.1
0.0 «—Existing ground level
1.45 10 133.96 122.16 115.33 180.01 31.6
2.45 6 74.96 68.35 64.53 100.72 206
3.45 9 116.93 106.62 100.67 157.12 32.1
BH-05 4.45 18 23531 214.57 202.59 316.19 36.7
5.45 13 172.51 157.30 148.52 231.80 352
6.95 38 492.19 448.82 423.75 661.37 41.0
8.45 41 539.65 492.09 464.61 72515 427
9.95 25 333.98 304.55 287.54 448.78 39.8
End of boring
Notes:

The calculation of the allowable bearing capacity of separated footing for 25 mm or less than settlement is performed using
the modified formula of the allowable bearing pressure by Bowles (1997).

The calculation of the allowable bearing capacity of Mat foundation performed for S0mm or less than settlement using the
modified formula of the allowable bearing pressure by Canadian foundation engineering manual, 2006 (Meyerhof equation).

hone: +2182174897965 / +218913649893 Prepared By: Assari Engineering Consultant
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Photos of drilling and
Samples
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Photo No. 1: Borehole#01 (Airport Road, Tripoli city). Date:27/12/21

Photo No. 2: Borehole#02 (Airport Road, Tripoli city). Date:27/12/21
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Photo No. 3: Borehole#03 (Airport Road, Tripoli city). Date:27/12/21

Photo No. 4: Borehole#04 (Airport Road, Tripoli city). Date:27/12/21
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Photo No 6: samples series along depth, BH#01 (Airport Road, Tripoli city- Site).
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Photo No 8: samples series along depth, BH#03 (Airport Road, Tripoli city- Site).
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Photo No 9: samples series along depth, BH#04 (Airport Road, Tripoli city- Site).
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BH#05

Photo No 10: samples series along depth, BH#05 (Airport Road, Tripoli city- Site).
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Fig. No 11: General site plan (site location).
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Requirements for concrete exposed te sulphate atfack
Recormmendations are for concrete in a near-neutral groundwater
for acid conditions refer to BRE Current Paper CP 23/77

Requirements for dense fully
Caoncentrations of sulphates compacted concrete made with
expressed as SOz aggregates meeting the
Type of cement requiremnents of BS 882 or 1047
e In s il in
| cias 503 in 211 ground- Minimum Maximum
‘835 | Total S04 | water : soil water cement (1) | water/cement (1}
extract content ratio
[ [%] (g1 g/ [] [kg/m®) H
COrdinary Portland cement
(OPC) or Rapid Hardening )
Portiand Cement (RHPC) ~ Flain (2) 250 o 70
1 Less than Less than Lessthan | or combinations of either concrete )
0.2 1.0 03 cement with slag (3) or I
pfa (4) EHC 300 060
Portiand Blastfurnace concrete
Cement (PBFC)
OPC or RHPC or combinations of either
cement with slag or pfa 330 050
PBFC
OPC or RHPC combined with minimum
70% or maximum 90% slag (5)
; k ; i ; 1. 4 5 B
2 02tc 05 1.0to19 03te1.2 OPG or RHPC combined with minimum 310 055
L 25% or maximum 40% pfa (6)
Sulphate Resisting Portland cement
(SRPC) 290 055
OPC or RHPC combined with minimum
70% or maximum §0% slag
QPC or RHPC combined with minimum i 045
3 05te1.0 1.9t0 3.1 1.2 to 2.5 | 25% or maximum 40%
SRPC 330 0 50
4 1.0tc20 | 3.1teS586 25t050 |SRPC 370 045
5 Over 2 Over 5.8 Cver 5.0 | SRPC + protective coating (7) 370 0 45

(1) Inclusive of content of pfa or slag. These cement content relate to 20 mm nominal maximum size
aggregate. In order to maintain the cerment content of the mortal at similar values, the minimum
cement contents given should be 1nc:reased by 50 kgm ® for 10 mm nominal maximum size aggregate
and may be decreased by 40 kg m® for 40 mm nominal maximum size aggregate.

{2) When using strip foundations and trench fill for low-rise building in Class 1 sulphate conditions further
relaxation in the cement content and water cement ratio is permissible.

(3) Ground granulated blastfumance slag A new BS is in preparation.

(4) Selected or classified pulverized-fuel ash to BS 3892,

(5) Per cent by weight of slag cement mixture.

(6) Per cent by weight of pfa cement mixture.

(7) See BS CP 102 .1873: Protection of buildings against water from the ground.

CONCRETE IN SULPHATE - BEARING SOILS AND GROUNDWATER
Building Research Establishment Digest No. 250, June 1981
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