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1.0 INTRODUCTION

1.1 Background

Parsons Brinckerhoff International, Inc. (PBI) has been contracted by the
United States Agency for International Development (USAID) to perform a
preliminary design study, and to prepare final design documents for the
rehabilitation of the Port of Kismayo, Somali Democratic Republic (SDR). The
preliminary design phase of the project commenced in January 1983 and was
completed in July 1983. Final design for the port rehabilitation was
initiated in November 1983, and is scheduled for completion in June 1984,

The Port of Kismayo is located on the southern coast of the Somali
Democratic Republic, 375 km (325 mi) south of the capital city of Mogadishu;
48 km (28 mi) south of the equator; and 8 km (5 mi) south of the mouth of the
Juba River (Plate 1). The existing pier has a capacity for four berths along
its approximately 620 m (2,030 ft) L-shaped length.

A preliminary design report(l) prepared by PBI, and dated July 1983,
considered technical and socioeccnomic aspects of the Port of Kismayo
rehabilitation, and presented three alternative rehabilitation schemes. The
recommended alternative requires replacement of the existing pile supported
deck structure with an anchored sheetpile bulkhead located 12.2 nm (40 ft)
beyond the edge of the existing wharf platform. Anchorage for the bulkhead
would be provided by a continuous sheetpile deadman. Cross sactions of the
existing wharf structure and recommended rehabilitation scheme are presented

in Plates 2 and 3, respectively.

A site investigation for the Port: of Kismayo rehabilitation was performed
in 1982 by Tippetts-Abbett-McCarthy-Stratton (TAMS) (2), and is summarized in
Chapter 2 of this report. During the preliminary design effort it became
evident that an additional site investigaton was required to obtain
information necessary to proceed with final design. PBI received
authorization to perform this additional site investigation under Amendment
No. 1, dated October 16, 1983, to the preliminary design contract. This
report presents a description of the additional site investigations performed,

and summarizes their findings.



1.2 Purpose

The additional site investigation included a subsurface investigation at
the port site, an aggregate source survey, a port topographic survey, and a
water source survey. Following are the specific purposes of these

investigations:

Port Site Investigation

o Investigate subsurface conditions along the alignment of the

proposed bulkhead structure.
o Determine if coral layers or boulders, identified during the
previous site investigation, exist along the recommended bulkhead

alignment, and determine the thickness and plan limits of the coral.

o Investigate subsurface conditions at the two proposed mooring

dolphin locations.

Aggqregate Source Investigation

o Evaluate the suitability of available material for concrete coarse
aggregate and pavement base material from existing 1local quarry

sites and other sites outside the Kismayo area.

Port Topographic Survey

o Perform topographic survey of existing port facilities.

o Define the surface of the existing slope beneath the pile suppor ted
wharf platform.

Water Source Investigation

o Evaluate the quality of water from the Juba River for use in mixing

concrete. Sampling and testing of water to be conducted during



periods of both high flow and low flow to evaluate tidal influence
on water quality.



2.0 SUMMARY OF PREVIOUS INVESTIGATIONS

2.1 Subsurface Investigation at Port

A previous subsurface investigation was conducted at the Port of Kismayo
by TAMS in November and December, 1982, and is described in their report
"Field Technical Surveys for Port of Kismayo, Somali Democratic Republic”,
dated February 1983. The subsurface exploration program included nine borings
drilled at the edge of tha existing pile supported wharf platform, four
borings at the mole fill area behind the wharf platform, five borings within
the inner harbor, and three borings in the outer harbor adjacent to the ship
approach channel. The location of borings along the edge of the wharf
structure are shown in Plate 4. The previous investigation also included
water jet probings and an extensive bathymetric survey of the inner and outer

harbor areas.

Limited subsurface investigations of the port area were made prior to the
TAMS gtudy. A series of water jet probings were performed in 1960 and 1961 to
gather information for the original construction of the wharf and breakwater
structures. 1In 1964 three borings were also performed for the original wharf
construction. In 1980 four borings were drilled for construction of the
molasses tank located on the northwest end of the port. Information from

these previous investigations are summarized in the TAMS report(2),

Previous investigations indicate that along the edge of the existing
wharf platform the soil stratification below sea bottom generally includes a
surface layer of very loose to loose silt and sand to a depth of about 3 m
(L0 £t), underlain by medium dense to very dense silty sand. A coral
formation of unknown thickness was encountered at about elevation -34 m
(-112 ft). Gravel size coral fragments were recovered throughout the soil
profile. Of particular importance to the present design is the presence of
hard ground at shallow depth beneath the sea bottom. During the previous
investigation three borings encountered a coral layer or boulders at shallow
depth in the area of berth 1. 1In one boring, K-7, the coral was found to be
3.8 m (12 ft) thick., It was uncertain whether this hard ground was a natural

coral formation, or displaced rip-rap from the original construction.



A design analysis report(3) prepared by the U.S. Army Corps of Engineers
in October 1961 for the design of the existing port facility reported the
presence of a "crust of hard material, presumed to be of coral origin" at the
ground surface prior to construction. However, it is likely that this crust

was removed during dredging of the inner harbor basin.

Further information regarding the presence of a hard coral stratum was
obtained from Mowlem Construction Company of London, contractor for the 1979
installation of the cantilever steel H-pile fendering system at the Port of
Rismayo. According to Mowlem, when the fender piles were driven, the "coral
crust” was penetrated by employing standard methods, and predrilling or
breaking up of the "crust" was not required. Pile driving records from the
construction of the existing steel H-pile fendering system are presented in
the profiles of Plate 8. These profiles generally show a sharp increase in
driving resistance between elevation -12 m (-39 ft) and =17 m (=56 ft).
However, along the southwest half of berth 1, corresponding to the area where
a shallow coral formation was encountered in the borings for the TaMS
investigation, relatively high driving resistance was observed as high as
elevation -9 m (-30 ft). Another significant observation from these
construction records is the presence of very loose material to elevation -16 m

(=53 £t) indicated in the area of berth 3.

2.2 Material Source Survey

The TAMS investigation(2) included a material source survey which
evaluated existing quarry sites in the Kismayo area for potential sources of
pavement base material and fine and coarse aggregate for use in concrete.
Also, samples from available water sources in the Kismayo area were collected

for testing their suitability for use in mixing concrete.

Three quarry sites, identified as the Control Point Quarry, o0ld Airport
Quarry and Sheikh Road Quarry, were evaluated. The locations of these
quarries are shown in Plates 9 and 10. For the investigation, five core
borings were performed and numerous test pit and surface samples were
obtained. Details of the investigation and a discussion of the findings are
presented in the TAMS report. The bedrock at all three quarries is similarly

described as a "porous coral limestone®. Based on the results of laboratory



tests, the study concluded that the available quarry material was unsuitable
for use as coarse aggregate for concrete, and it was recommended that
consideration be given to obtaining dense, good quality coarse aggregate from
sources located outside the Kismayo area. The study also concluded that test
pit samples from the Control Point Quarry and Sheikh Road Quarry were best
suited for pavement base course. However, these materials were considerad to
be of poor quality which might degrade under compaction equipment and truck
traffic, leading to rutting of the pavement surface.

The previous investigation recommended "dune" sand deposits from the 0ld
Airport Quarry as a source of fine aggregate for construction. However, a
visual reconnaissance of the 0ld Airport Quarry and an inspection of samples
from the TAMS investigation indicated that the recommended fine aggregate
gource is beach sand rather than dune sand. Dune sand, which is. fine grained
and uniformly graded, would be a poor source of fine aggregate. The beach
sand would require some processing to modify its natural gradation to conform
to ASTM standards.

The previous water source investigation evaluated the quality of water
obtained from local wells, untreated water from near the mouth of the Juba
River, and treated river water from the Port of Kismayo water supply system.
Results from the analysis of water samples indicated that the Juba River would
be an acceptable source of water for construction purposes. The conclusion
was based on laboratory tests on river water samples obtained during £flood
stage, when the influence of tidal action on water quality is minimal. The
previous study recommended however, that additional samples be tested during
periods of low flow to investigate any tidal influence on the sulfate and

chloride content.



3.0 SUBSURFACE EXPLORATION AT PORT

3.1 Description of Work

A subsurface exploration program was performed at the Port of Kismayo as
part of the additional site investigation by PBI. The exploration at the port
site, conducted during November 1983, consisted of water jet probings and
water borings. The work was performed by Geodrill Ltd., of Mombasa, Kenya,
under subcontract to PBI, and inspection services for the field work were
provided by PBI. The details of the equipment and work performed are
described below.

3.1.1 Water Jet Probings

Water jet probings were conducted to locate the surface of boulders or
coral layer along the proposed alignment of the sheetpile bulkhead. The
equipment used consisted of a 7 m (23 ft) long, 2.5 cm (1 in.) diameter steel
pipe fitted with a reducer nozzle tip to increase water exit velocity. To
determine penetration of the jet probe below sea bottom the pipe was marked at
intervals of 0.10 m (4 in.) starting :rom the bottom of the probe. Sea water
was pumped through the pipe by a high pressure piston pump, with a section of
rubber hose between the pump and the top of the probe. Divers manually
advanced the probe pipe vertically into the seabed by repeatedly raising and
lowering the probe with the water jet at high pressure. The penetration below
the seabed was recorded when refusal was met or when the probe pipe penetrated
essentially its full length. The soils encountered at the bottom of the probe
hole were identified by the resistance to penetration, and by examining

samples of material recovered from the tip of the probe pipe.

A total of thirty-one (31) jet probings were performed. The probings
were located 12.2 m (40 ft) from the edge of the existing wharf structure. An
initial series of probings were made generally at 29 m (96 ft) intervals along
the entire length of proposed bulkhead alignment. Additional probes were then
made between the initial set where hard material was encountered. The
locations of the water jet probings are presented in Plate 5, and logs of the

probings are contained in Appendix A.



3.1.2 Borings

The exploration program included six water borings at the locations shown
in Plate 4. Two borings, WB-1 and WB-6, were drilled at proposed mooring
dolphin locations at each end of the wharf to determine subsurface conditions
for the design of pile foundations. The four remaining borings, WB-2 through
WB-5, were drilled 12.2 m (40 ft) from the edge of the existing wharf
structure along the alignment of the proposed sheetpile bulkhead. Three of
these borings, located along berths 1 and 2, were drilled to evaluate the
hard stratum encountered by the water jet probings, and to obtain samples from
this stratum for visual inspection and laboratory testing. One boring, WB-2,
was drilled in the area of berth 3 where the water jet probings indicated very
soft material for the full 7 m (23 ft) depth penetrated by the water jet

probings.

The borings at the mooring dolphins were drilled to a depth of
approximately 25 m (82 ft) below the seabed. The four borings adjacent to the
existing wharf were drilled to a depth of 9.5 m (31 ft) to 10 m (33 £t) below
the seabed. Logs of the water borings are contained in Appendix B.

Soil sampling in the borings consisted of standard split spoon samples
obtained generally at 1.5 m (5 ft) intervals and at changes 1in strata.
Sampling was performed in accordance with ASTM D 1586 procedures. Recovered
samples were visually classified and then sealed in plastic containers for

later laboratory testing.

The borings were drilled from the stern of the (iiving support/salvage

vessel M.V, Venturer using a Pilcon Mark 2 marine drill. Except for surface

and near surface samples the drill unit was supported independent of the
vessel to avoid disturbance due to motion of the vessel. The drill unit was
mounted to the top of a 15 cm (6 in.) diameter pipe casing through which the
bore hole was advanced. For surface and near surface samples the casing was
clamped to the working platform at the stern of the vessel. An overhead A-
frame structure was used for lifting the drill rod string. After obtaining a
split spoon sample at the seabed surface, the boring was advanced by lowering
or driving the casing to the next sampling depth. The casing was then cleaned

out with a drag bit, or tricone roller bit where gravelly material was



encountered, and the next split spoon sample was obtained. A bentonite and
barite slurry mixture was used for the drill fluid to prevent the bore hole
bottom from heaving and also to provide more efficient removal of the drill
cuttings. When the casing was seated a sufficient depth into firm material

the boring was continued uncased.

Laboratory tests on samples recovered by the water borings included grain
size analyses and Atterberg Limit determinations. All laboratory testing was
performed by Central Testing Laboratories Ltd. of Nairobi, Kenya. The results
of the laboratory tests are presented in Appendix D,

3.2 Geology

The Somali Democratic Republic lies within the eastern part of the
northeast African structural block which is triangular-shaped and bounded on
the north by the Gulf of Aden, on the west by the Abyssinian fault trough, and

on the east by the Indian Ocean.

In the southern regions of the SDR, the surface of bedrock is generally
covered by a thick mantle of unconsolidated materials of quaternary age,
including alluvial, aeolian, and marine deposits, and coral reef

formationg(4) .

The Port of Kismayo area is composed of marine deposits of undetermined
thickness, which generally consist of fine sand and silt, and include
extensive coral reef formations. These warm-water marine deposits contain a
high concentration of carbonates which exhibit lower hardness and weaker

structure than silica deposits(5),

Kismayo is located in an area of low seismic activity. Structures are

not designed for seismic forces.

3.3 Soil Stratigraphy

Along the proposed alignment of the sheetpile bulkhead the seabed varies
in elevation from approximately -8.6 m (-28 ft) to -10.6 m (=35 ft), MLWS
Datum. The seabed surface along the proposed bulkhead alignment, shown in



Plates 6 and 7, was generally found to be 1 to 3 m (3 to 10 ft) lower than the

seabed surface along the edge of the existing wharf platform.

Subsurface conditions along the proposed bulkhead alignment are presented
in the profiles of Plates 6 and 7. These profiles summarize the findings of
the water jet probings and water borings performed for this investigation, and
also show soil conditions encountered in the wharf borings performed for the

previous site investigation.

Along the proposed bulkhead alignment the existing soil stratification
includes a surface layer of very loose silty sand and sandy silt, or very soft
silty clay. Generally this layer is approximately 1l m (3 f£t) thick, but in
the vicinity of berth 3, and the southwest portion of berth 2, very soft silty
clay extends to a depth of as much as 3 m (10 £t), and is underlain by

approximately 2 m (7 ft) of very loose silty sand.

Generally, the soft surface stratum is underlain by 2 to 3 m (7 to 10 ft)
of loose to medium dense silty sand which extends to about elevation -13 to
=17 m (-43 to -56 ft). This stratum is underlain by medium dense to very
dense silty sand to the surface of a coral formation approximately at
elevation =34 m (-112 ft). Coarse to fine coral gravel was encountered
throughout the soil profile, but was concentrated primarily between elevations
~13 and ~-20 m (-43 and -66 ft), and below about elevation =30 m (=98 ft).

Along the southwest portion of berth 1 the soil stratification differs
somewhat from the above described general condition. In this area the very
soft surface layer is directly underlain by dense to very dense silty sand
containing coral gravel, the surface of which was encountered at approximately
elevation -1l m (-36 ft). As discussed in Section 2.1, the borings performed
for the TAMS investigation encountered coral at a shallow depth in this sanme
area, requiring coring through coral as thick as 3.8 m (12 ft). No solid
coral was encountered in the current borings drilled 12.2 m (40 ft) outboard
of the previous borings. Boring WB-4 did encounter a thin layer of cemented

sand at approximately elevation -13 m (-43 ft).

The driving resistance profile for existing steel fender piles, shown in

Plate 8, closely parallels the subsurface conditions encountered in the

-10-



borings and water jet probings. Hard pile driving was encountered at shallow
depth along the southwest portion of berth 1, corresponding to the area where
hard bottom was encountered at shallow depth during the subsurface exploration
programs. In the vicinity of berth 3 the steel fender piles penetrated to
elevation -16 m (-53 ft) under the pile and hammer weight alone. It is in
this area where boring WB-2 encountered soft soil deposits to approximately
elevation -16 m (-53 ft). The driving resistance profile is a valuable index
for determining the lateral 1limits of different ground conditions as it

provides a continuous profile along the edge of the existing wharf platform.

3.4 Considerations for Design and Construction

The existing subsoil conditions descrihbed in Section 3.3 can be
simplified to three different soil profiles for design of the sheetpile
bulkhead. These profiles, identified as profiles A, B and C, are presented in
Table 1, and preliminary limits of each profile are shown in Plate 4.

In profile A, loose to medium dense silty sand extends from the mudline
to elevation -13 m (-43 ft), and is underlain by medium dense to very dense
silty, gravelly sand. Profile A is generally located along berth 4, and the
northeast portion of berth 2.

In profile B, loose to medium dense silty sand extends from the mudline
to elevation -17 m (-56 ft), and is underlain by medium dense to very dense
silty, gravelly sand. Profile B is generally located along berth 3, the
southwest portion of berth 2, and the northeast portion of berth 1.

In profiie C, loose to medium dense silty sand extends from the mudline
to elevation -11 m (-36 ft), and is underlain by medium dense to very dense
silty, gravelly sand. Profile C is anticipated for a length of approximately
63 m (207 £t) along the southwest portion of berth 1.

Below about elevation -17 m (-56 ft) soil stratification is generally
uniform across the site. Therefore, a single profile, profile A, can be used
for the design of bearing pile foundations for the mooring dolphins and
bollards.

-11-



TABLE 1

DESIGN SOIL PROFILES FOR WHARF REHABILITATION

Subnierged
Unit Angle of
Profile Weight Internal
Designation Stratum Description Stratum Limits (Pcf) Friction
A Loose to medium dense -9.5 to =13 m 55 30°
silty SAND (=31 to =43 ft)
Medium dense to very -13 to =34 m 55 35°
dense silty SAND, (-43 to =112 ft)
with gravel
B Loose to medium dense -9.5 to =17 m 55 30°
silty SAND (=31 to =56 ft)
Medium dense to very =17 to =34 m 55 35°
dense silty SAND, (-56 to -112 ft)
with gravel
C Loose to medium dense -9.5 to =11 m 55 30°
silty SAND (=31 to -36 ft)
Medium dense to very -11 to -34 m 55 35°

dense silty SAND,
with gravel

(=36 to -112 ft)

-12~



The design soil profiles developed from information obtained during the
additional site investigation are comparable to the soil profile used for
preliminary design(l) in which the transition between loose to medium dense
sand and medium dense to very dense sand was assumed to be at elevation =15 n
(-49 ft). Therefore, no significant modifications to the recommended

structure are anticipated.

For the entire length of the wharf, the existing surface layer of very
soft silty clay and sandy silt should be removed by displacement or dredging,
and replaced with granular backfill. Removal and replacement of this material
is considered necessary to reduce lateral earth pressures on the inboard side
of the sheetpile bulkhead, and increase the passive soil resistence on the
outboard side. Also, excessive settlement due to consolidation of these very
soft soils may cause overstressing of the bulkhead tie rods, early
deterioration of surface pavement, and disruption of surface drainage systems.
Generally, the depth of these very soft soils is less than 1 m (3 £t).
However, in the vicinity of berth 3 and the Southwest portion of berth 2, the
silty clay extends to a depth of as much as 3 m (10 ft) and is underlain by
very loose silty sand. 1In these areas dredging and replacement with granular
backfill will be required to a depth of 4 to 5 m (13 to 16 ft).

Within the limits of soil profile C, where hard ground was encountered at
shaliow depth, and possibly at other locations along the bulkhead alignment,
hard driving may be encountered during installation of the sheetpiling. To
achieve the required sheetpile penetration in these areas it may be necessary
to loosen the ground along the bulkhead alignment by pre-punching ahead of the

sheetpile installation.
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4.0 AGGREGATE SOURCE INVESTIGATION

4.1 General

A major consideration for the Port of Kismayo rehabilitation project is
the availability of materials for construction, including fine aggregate,
coarse aggregate, and pavement base material. A previous investigation,
discussed in Section 2, identified possible local sources of fine aggregate,
but indicated that locally available quarry materizls were unsuitable for use
as coarse aggregate for concrete, and were generally of a poor quality for use
as pavement base material. The primary purpose of the PBI investigation was
to search for sources of coarse aggregate and base materials in quarries other

than those previously investigated, if such new quarries could be located.
The PBI investigation included the following tasks:

o 'Inte;views with Contractors and Government Agencies. Interviews
were conducted with foreign contractors who are currently or were
recently involved in construction projects in the Kismayo area and
elsewhere in the southern part of the SDR to determine the sources
of the aggregate materials used for their projects. Somali
government agencies were also contacted for information regarding

existing quarry sites in the Kismayo area.

o Visual Reconnaissance of Local Quarries, A visual reconnaissance
was made of quarry sites previously investigated, and also of new
quarry sites located as a result of interviews with contractors and
government agencies. The visval reconnaissance was made to identify
the most promising quarry sites for which further exploration would
be performed.

o] Quarry Investigation. Bulk surface samples were obtained at several
Kismayo quarry sites which were considered potential sources of
aggregate materials. Bulk samples were also obtained at two sites
outside the KRismayo area for comparison with the local materials.

In addition, two borings were drilled at one quarry site.

-14-



o Laboratory Testing. Laboratory testing was performed on samples
obtained from the quarry sites to evaluate the suitability of the

materials for use as aggregate in construction.

Following is a detailed description of the above tasks and a summary of

the investigation findings.

4.2 Interviews with Contractors and Government Agencies

At the time the PBI investigation was conducted, three major construction
projects, directed by foreign contractors, were in progress in the Kismayo
vicinity. These projects included construction of cold storage facilities for
the Ministry of Fisheries, the Mugambo Irrigation Project, and the Saco

Irrigation Project.

The Ministry of Fisheries project includes the construction of several
cold storage facilities along the southern coast of the SDR to serve as
temporary storage for fish being transported to a processing plant in Kismayo.
The facilities were designed by a West German firm, and construction is being
conducted by ARABCO Limited, a Dutch firm. Coarse aggregate for the cold
storage facility in Kismayo is obtained from three quarry sites: the Control
Point Quarry, 014 Airport Quarry and Sheikh Road Quarry. These quarries,
shown in the location plans of plates 9 and 10, were all identified during the
previous investigation. The Kismayo quarries were also the Source of coarse
aggregate for other cold storage facilities located along the coast south of
Kismayo. ARABCO officials were not aware of any quarries south of the Sheikh
Road Quarry which would provide quality coarse aggregate material. Fine
aggregate for the cold storage facility in Kismayo is obtained from beach sand
deposits from the 0ld Airport Quarry. Water used for construction is obtained

from the Kismayo water supply system.

The Mugambo Irrigation Project, sponsored by the Ministry of Agriculture,
is located approximately 70 km north of Kismayo. The project was designed by
a consulting firm from the United Kingdom, and the construction contractors
are the German-Somalian Construction and Trade Co., Ltd., and Buralhess, a
West German-Somalian joint venture firm. Coarse aggregate used for concrete
for this project is obtained from the 0Old Airport Quarry. Aggregate for base

-15-



material is obtained from a quarry near the town of Torda, approximately 20 km
southeast of the Juba River bridge to Gemama. Fine aggregate is obtained from
beach sand deposits at the 0ld Airport Quarry, and water is obtained from a

local well.

The Saca Irrigation Project, also sponsored by the Ministry of
Agriculture, is located near Gelib, approximately 100 km north of Kismayo, and
is being constructed by a construction group from the People's Republic of
China. Coarse aggregate for this project is obtained from the Control Point
Quarry, and fine aggregate is obtained from the beach sand deposits at the 014
Airport Quarry.

The foreign contractors were also helpful in providing information
regarding aggregate sources used for recently completed construction projects
in the Kismayo vicinity. It was reported that concrete coarse aggregate and
fine aggregate for the Juba Sugar Project north of Kismayo were obtained from
the 0ld Airport Quarry. Pavement base material for this project was reported
to have been obtained from the same Torda Quarry being used for the Mugambo
Irrigation Project. Pavement base material for construction of the highway
linking Kismayo with Mogadishu was obtained from numerous sources including an
inactive quarry, designated as the Highway Quarry for future reference,
located on the east side of the highway approximately 8 km north of the

Control Quarry.

Somalian government agencies contacted for information regarding existing
quarries in the Kismayo area included the Ministry of Public Works, the
Ministry of Mineral and Water Resources, the Somali Shipping Agency, the
Kismayo Security Office and the Kismayo Port Directors Office. The quarry
sites identified during these interviews included only those which had been
previously investigated. There was no information available on additional

quarry sites.

4.3 Additional Quarry Sites

The two additional quarry sites identified during the interviews with
foreign contractors were the Torda Quarry and the Highway Quarry. These

quarry sites are discussed below.
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Torda Quarry: The Torda Quarry is approximately 70 km from Kismayo,
including about 18 km of rough coral surfaced road which is reported to be

impassable during rainy periods.

The rock available at the Torda Quarry is a soft sandy, porous limestone,
which exhibits compressive strength noticeably lower than material available
from the three quarries previously investigated. Rock from the Torda Quarry
generally fractured easily under the blow of a hammer, with fractured segments
producing fine sand sized particles. Voids in the rock contain uncemented
loose fine sand which flows freely when exposed. Stockpiles of the quarry
material contained a high percentage of sand, and it is likely that handling

and compaction of this material will cause additional degrading.

The Torda Quarry is considered an unsuitable source of aggregate for the
Port of Kismayo rehabilitation because of the long haul distance required, and
because the visual inspection of the available material indicated it to be of
poorer quality than material available from quarries near Kismayo. For these

reasons, no further exploration was performed for thig quarry.

Highway Quarry: The Highway Quarry north of Kismayo contains materials
of highly variable quality. The exposed quarry material is generally fine

sand and highly decomposed coral. A limited quantity of the quarry material
i1s composed of medium hard porous limestone, occurring as isolated boulders
outcropping from the decomposed coral. Scattered stockpiles of these boulders
indicated previous quarrying of this material. A visual inspection of the
limestone boulders indicated that the rock is of a quality similar to that of
the porous 1limestone existing at the three quarry sites previously
investigated. However, because of the limited and uncertain quantity of this
material, and the anticipated higher quarrying cost to locate and excavate the
boulders, the Highway Quarry 1is considered an inappropriate source for

aggregate. No further exploration was performed at this quarry.

4.4 Exploration Program

The visual reconnaissance of the additional quarry sites located during
this investigation failed to identify suitable new sources of coarse aggregate

for construction. Based on an inspection of all local quarries, it is
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concluded that the Check Point, 01d Airport and Sheikh Road Quarries contain
the highest quality aggregate material available in the Kismayo area.
Although the previous investigation concluded that the materials from these
quarries are unsuitable, the use of these quarries for major construction
projects by foreign contractors indicated that a reconsideration of the
previous conclusions was warranted. Further exploration, described below, was

therefore performed at these quarry sites for the PBI investigation.

Bulk samples of crusher stockpile material were obtained at the 0ld
Airport Quarry and at the Control Point Quarry, and designated as samples 2
and 4, respectively. The sampling locations are shown in Plate 9. For
comparison, additional samples were obtained from a quarry site at Mogadishu
and from the stockpile of a roadbuilding contractor at Brava, designated as
samples 1 and 3, respectively. The stone use by the contractor at Brava was
reportedly obtained from a quarry near Merca. Laboratory L.A. abrasion tests
were performed on these samples for correlation and comparison with the

results of previous tests.

Additional bulk samples of coarse aggregate, designated as Q-1 through
Q-4, were obtained at the three Kismayo quarry sites, but the results of the
laboratory tests performed on these samples were not available at the time
this report was prepared. These results will be presented in an addendum to

this report.

The additional site investigation also included two borings, identified
as QB-1 and QB-2, at the Control Point Quarry. The locations of these borings
2re shown in Plate 9. The Control Point Quarry was selected for further
investigation since it is considered the most favorable source of coarse
aggregate of the three local quarries. The Control Point Quarry contains a
massive bed of limestone which would be easier to quarry than the thin
limestone beds existing at the other two quarries. Also, test results from
the previous investigation indicated the materials from this quarry to be
generally of better quality in comparison with the other quarry sites. The
visual inspection of the Control Point Quarry indicated that the engineering
properties of the rock varied considerably within the quarry. The additional
borings were performed to evaluate these variations in rock quality, and

hopefully allow a better estimate of typical conditions.
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The two quarry borings were drilled to a depth of approximately 8.0 m (26
ft) using a Radio Sonda SR2 trailer mounted drill rig. In general, a special
large diameter core barrel with a 146 mm (5.7 in.) outside diameter was used
to obtain a 122 mm (4.8 in.) diameter core. In boring QB-2, an NWI core
barrel with a 75 mm (2.9 in.) outside diameter was used to obtain a 59 mm (2.3
in.) diameter core below 4.7 m (15.4 ft) depth. The drilling equipment was
switched to the smaller size core barrel in QB-2 to allow the borehole to be
cased to the 4.7 m (15.4 £t) depth after problems with caving of the borehole
were encountered. Core run lengths were 0.5 m (1.6 £t) in the upper portion
of the borehole and were increased to 1.5 m (4.9 ft) at depth. A thin
bentonite slurry was circulated for the drill fluid. Logs of the quarry

borings are presented in Appendix C.

The laboratory tests performed on samples from borings QB-1 and QB-2
included L.A. abrasion, soundness (magnesium sulfate), specific gravity,
unconfined compression, and water absorption tests. The procedures used for
the soundness test were revised from the 10 cycle test performed for the
previous investigation to a 5 cycle test which is the commonly used test for

evaluating concrete coarse aggregate and pavement base material(6,7).

Laboratory testing for samples from borings QB-1 and QB-~2, and bulk
samples Q-1 through Q-4, were performed by Central Testing Laboratories
Ltd. of Nairobi, Kenya. Laboratory testing for bulk samples 1 through 4 were
performed at the SDR Highway Department laboratory in Mogadishu. The results
of the laboratory tests are presented in Appendix D, and summarized in
Table 2.

4.5 Results of Materials Testing

L.A. abrasion tests yielded 22.7 to 37 percent loss for samples frcm the
Kismayo Control Point and 014 Airport Quarries. Generally a 1loss of 50
percent after 500 revolutions is the maximum acceptable for coarse aggregate
for concrete or pavement base material(6,7). Thus, the test results are

within the acceptable range.

The L.A. abrasion values obtained during this investigation are lower

than the values of 28 to 62 percent obtained during the previous
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TABLE 2

SUMMARY OF LABORATORY TESTING FOR QUARRY SAMPLES

_OZ-

Coral Limestone

Unconfined
L.A Mgso4 Fines (8 Compression
Abrasion Soundness Specific Gravity Passing StrengEP
Sample Quarry Material 500 rev. 5 cycle (%) Water No. 200 kg/cm
No. Source Description (%) +No. 4 ~No.4 0.D. S.S5.D. App. Absorption sieve) {psi)
Control Pt. Red-Brown Porous 37 157
Coral Limestone (2230)
Control Pt. Red-Brown Porous 33 166
Coral Limestone (2360)
Mogadishu Porous Coral Limestone 34.2
0l1d Airport Red-Brown Porous 22.7
Coral Limestone
Merca Porous Coral Limestone 29.7
Control Pt. Red-Brown Porous 26.4



investigation. A visual inspection of the samples from the previous
investigation indicated that a wider range of materials were sampled and
tested. The samples with the greatest abrasion loss were more porous and had
weaker structure. Samples comparable in quality to those tested during this

investigation had abrasion loss ranging from 28 to 51 percent.

The higher abrasion loss values for both investigations were obtained
from tests performed on boring samples. Tests performed on crusher stockpile
material resulted in losses of 22.7 and 26.4 percent for this investigation,
and 28 and 29 percent for the previous investigation. These results indicate
that the quality of the quarry material is improved by the quarrying and
crushing operations, which remove some of the softer, less abrasion resistant
materials. These lower values may therefore be more representative of the

abrasion characteristics of the locally available coarse aggregate material.

L.A. abrasion tests performed on coarse aggregate samples from quarries
in Mogadishu and Merca resulted in losses of 34.2 and 29.7 percent. These
values are within the range of values obtained for all Kismayo quarry samples,
but are higher than the values obtained from tests on comparable crusher
stockpile samples. This indicates that quarry materials available in the
Kismayo area are of somewhat better quality than the Mogadishu and Merca
materials. These findings were anticipated by local engineers prior to the
testing program. However, the limited testing performed was insufficient to
reach any definite conclusions regarding the quality of aggregate from outside

the Kismayo area.

Magnesium sulfate soundness tests (5 cycles) performed on rock samples
from borings QB-1 and QB-2 resulted in losses of 1.4 and 1.2 percent for
material larger than 5mm (0.2 inch). Samples tested during the previous
investigation using a 10 cycle procedure had an average loss of 2.2 percent,
except that one test pit sample had a loss of 14.2 percent. Generally a loss
of 18 percent is the maximum acceptable for concrete coarse aggregate (6) ,

The specific gravity tests performed on samples from borings QB-1 and
QB-2 resulted in G(oven-dry) of 2.37 and 2.36, f?(saturated-surface-dry) of
2.47 and 2.46, and G(apparent) of 2.62. The low oven-dry and saturated-
surface-dry values are indicative of the porous rock available in the Kismayo

-21~



area. The above specific gravity values are comparable to values obtained for
gravel and crusher stockpile material tested during the previous
investigation, However, tests on boring samples during the previous
investigation resulted in much lower values, with oven-dry values of about
2.0, and saturated-surface-dry values of about 2.2. There is no standard
minimum value of specific gravity for coarse aggregate for concrete or

pavement base material,

Water absorption tests on samples from borings QB-1 and OB-2 resulted in
absorption values of 3.9 and 4.1 percent. These values are significantly
lower than the values of 9.1 to 11.7 percent obtained for boring samples
tested during the previous investigation. There are no standard maximum
values of water absorption for determining the suitability of coarse aggregate
for concrete. The suitability of concrete coarse aggregate with high water
absorption, or low specific gravity, is normally evaluated by performing
concrete cylinder tests, and comparing the cylinder strengths obtained with
the minimum strength required. Cylinder strength tests performed for the
recently completed Mogadishu Port expansion project resulted in strengths of
356 to 398 kg/cm2

area of similar or poorer quality than that available in Kismayo. Specified

(5000 to 5600 psi) using coarse aggregate from the Mogadishu
concrete strength for the Mogadishu Port expansion was 280 kg/cm2 (4,000 psi).
Unconfined compression strength of rock core samples from borings QB-1
and QB-2 were 157 and 166 kg/cm2 (2230 and 2360 psi). These values indicate
that the intact rock has low compressive strength, which is typical of coral

limestone with porous structure.

4.6 Recommendations for Wharf Rehabilitation

4.6.1 Fine Aggregate for Concrete

Recommendations for fine aggregate are based on data obtained during the
previous investigation(2). That study found that the most suitable source of
fine aggregate is the beach sand deposit at the 0l1d Airport Quarry.
Information obtained during the additional site investigation indicates that
these beach sands are the source of fine aggregate for several major

construction projects presently in progress in the Kismayo area.
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It is recommended that these beach sands be used for fine aggregate for
the Kismayo Port rehabilitation project. However, these beach sands must be
mixed with other materials, such as crushed quarry rock, to conform with ASTM
gradation requirements(6). Also, since these beach sands have a high sulfate
content, it is recommended that they be washed with fresh water prior to use

in construction.

4.6.2 Coarse Aggregate for Concrete

The coarse aggregate available from local quarry sources meet standard
criteria for abrasion resistance and soundness. Compressicn tests on concrete
using comparable coarse aggregate materials indicate that sufficient strength
can be obtained using these aggregates. Thus, considering abrasion
resistance, soundness and strength properties, the local quarry materials are

acceptable for use as concrete coarse aggregate.

There is a concern, however, that the relatively low specific gravity and
high water absorption properties of these materials may result in a more
porous concrete which may adversely affect the durability of the concrete in a
marine environment. There exist no standards addressing specific gravity or
water absorption for coarse aggregate. Available information(8, 9, 10, 11)
indicate that the specific gravity and water absorption properties of the
coarse aggregate do not have a significant influence on the durability of the
concrete. The more important component from the standpoint of durability is
the quality of the cement paste surrounding the aggregate particles. The
specific gravity and water absorption characteristics of the aggregate are of
Primary importance for determining the design mix. Aggregate of lower
specific aravity, and correspondingly higher water absorption, typically
require increased water and cement quantities to compensate for water lost to
the aggregate. Adequate durability of concrete usually can be obtained if the
concrete mix is proportioned to provide adequate strength. Durability of the
concrete can be improved by 1) using admixtures to reduce the quantity of mix
water and achieve a denser concrete, 2) using air entrainment to reduce the
water-cement ratio, 3) providing greater cover of concrete over the
reinforcing bars (typically 50 to 75mm, 2 to 3 inches), or 4) applying

protective coating to the surface of the concrete.
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It is therefore concluded that locally available quarry material can be
used for concrete coarse aggregate, provided that some of the above discussed
measures are employed to improve the durability of the concrete. All three
Kismayo area quarries would be suituble sources of coarse aggregate, but
materials used should be limited to the denser coral limestone available from
these 1locations. The construction specifications should include abrasion

resistance and soundness requirexents to exclude unsuitable gquarry material.

4.6.3 Pavement Base Material

Since locally available quarry material meets the standard abrasion
resistance and soundness requirements for soil-aggregate base material, it is
recommended that the local quarry material be used for pavement base course
for the Kismayo Port rehabilitation project. All three Kismayo area quarries
would be suitable sources of base waterial, but materials used should be
limited to the denser coral limestone available from these locations. Also,
the base material gradation must be carafully specified to assure a well

graded mixture for maximum compacted density.
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5.0 WATER SOURCE INVESTIGATION

The previous investigation, which evaluated several potential water
sources, suggested that the Juba River is a suitable source of water for the
mixing of concrete during construction. However, further investigation was
considered necessary to evaluate the influence of tidal action on the quality
of the river water. A water source investigation was therefore included in
the additional site investigation program to test and evaluate river water
samples obtained at various river £flow stages. The water source

investigation, which is currently in progress, is described below.

For the current investigation, water samples were obtained from the Juba
River at the village of Gobuen, approximately 6 km from the mouth of the
river, and approximately 13 km north of Kismayo. Gobuen, which was also the
location of water sampling for the previous investigation, 1is easily

accessible by road, and is the closest location of the river to Kismayo.

Sample W-1, was obtained from the Kismayo Port water supply system which
is treated river water from the village of Yantoy, located approximately 28 km
north of Kismayo. Sample W-2 was obtained at Gobuen in November, 1983 when
the river was at flood stage. Sample W~3 was obtained at Gobuen in January,
1984 when the river was at an intermediary stage. A third river sample will

be obtained in the future when the flow of the river is at a low stage.

Laboratory testing of the water samples was performed by the University
of Nairobi Environmental Health Engireering Laboratory. Tests performed
included determination of pH and concentration of chlorides, sulfates, total
dissolved solids and total suspended solids. The results of the testsg

completed to date are presented in Table 3.

The pH values for samples of untreated river water indicate that the
tested samples were slightly acidic to slightly alkaline. The values

obtained, 6.5 to 8.8, are acceptable for concrete mix water.
Measured sulfate concentrations ranged from 9 to 64 mg/L (1 mg/L = 1 part

per million), with minimum and maximum values measured during £flood

conditions. The maximum concentration of sulfates normally considered
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TABLE 3

PRELIMINARY RESULTS OF WATER SAMPLE ANALYSES

Sample W-1 Sample W-2 Sample W-3

Kismayo Port Juba R. at Gobuen Juba R. at Gobuen
Parameters Water Supply (2) Flood Stage (3) Interm. Stage
Date Sample Obtained Nov. '83 Nov. '83 Jan. '84
pH 7.5 (7.8) 7.7 (6.5) 8.8
Chlorides 58 (98) 40 (105) 146
Sulfates 16.5 (78) 9 (64) ' 44
Totzl Dissolved Solids 184 688 3,460
Total Suspended Solids 76 187 2,000
Total Solids 260 875 5,460

Note: l. All table values, except pH, are expressed in milligrams
per liter. 1 mg/L = 1 part per million.

2. Values in parenthesis are test results from sample #4
obtained from Kismayo Port water supply during TAMS

investigation.
3. Values in parenthesis are test results from Sample #3

obtained fraw Juba River at Gobuen during TAMS investi-
gation, when river was at flood stage.
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acceptable for concrete is 1000 mg/L(12), Measured chloride concentrations
ranged from 40 to 146 mg/L, with the maximum value measured during an
intermediary river stage. The maximum concentration of chlorides normally
considered acceptable for reinforced concrete is 1000 mg/L(12), The
relatively narrow range of measured sulfate and chloride concentrations

indicate that the influence of tidal action is small.

Total solids measured in untreated river water was 875 and 5460 mg/L.
The higher value should be acceptable for concrete mix water, but concrete
cylinder tests should be conducted prior to using this water in concrete to
assure that such high total solids content does not adversely affect concrete

strength.

The test data available to date indicate that the Juba River is an
acceptable source of water for mixing concrete. However, it is anticipated
that sulfate and chloride contents of the river water may increase during
periods of 1lowest flow when tidal influence is grectest. Therefore,
conclusions can not be made regarding the suitability of untreated river water
for use in mixing concrete until water samples are obtained during lowest flow

conditions.
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6.0 WHARF TOPOGRAPHIC SURVEY

The topographic survey performed for the additional site investigation
included two tasks: 1) a surface survey of port facilities, and 2) soundings

beneath the existing pilc supported concrete platform.

The surface survey was performed by the licensed land surveyor firm of
Hime and Zimmerlin of Mombasa, Kenya, under subcontract to Geodrill, Ltd. The
limits of the survey included the entire port facility commencing from the
south end of the approach causeway. The data obtained from the surface survey
will be presented in plans to be included in the final design contract

documents.

The soundings beneath the wharf platform were obtained to better define
the existing ground surface for more accurately estimating construction
backfill requirements. The soundings were obtained with the aid of divers
provided by Geodrill, Ltd. Sounding profiles were obtained at existing pile
bents at a spacing generally about 29 m (95 ft). Soundings were taken at each
pPile in the bent and referenced to the surface level of the outer edge of the
wharf platform, which is at elevation +4.5 m (+14.8 ft). Profiles developed
from these soundings are presented in Appendix E. The profiles indicate that
the lower portion of the existing slope surface is generally 1.0 to 1.5 m (3
to 5 ft) higher than the original design slope surface. Near the top of the
slope, however, the existing surface drops sharply and, for a limited
distance, the existing surface is lower than the original design slope
surface. In general, the sounding profiles indicate that the existing slope
surface is higher than previously indicated, and that the quantity of backfill

previously estimated will therefore be significantly reduced.
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< w5
HERHER
S & Z| © [RUN |REG.|RM [R% |rRQD
é SIRATOM MU E AT 2 95m L jwTo
=2 Z R RARDER GRULUD
'2 35| S3 oEzepip TeR | DARC CrPAY, JERY
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PARSONS, BRINCKERHOFF, QUADE 8 DOUGLAS

BORING LOG
NJJECT K\GMAND  BORTT _
OCATION _Leiena~D  Somt AV A [BORING NUMBERWR, -2 |
ONTRACTOR _ CaE KR 1Y) GROUND ELEVATION ~9.&€m (rretes Jafrm\
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Hammer weight o @ CORE N l/ Jg L N1
’-mmmer foll égimu BARREL TYPE « / ’ | Pl wWB-3
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P O.D. - - 1D & ; | g | T S S B
L Weight of hammer 200" Hommer fall 1™ = i j' [ ] ] Ly
= L |SAMPLE | SOIL -BLOWS OR HTD.PRESS. FIELD  IDENTIFICAT
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PARSONS, BRI NCKERHOFF. QUADE & DOUGLAS

- i

BORING LOG
“ECT _ el SMAD PoRT
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1p ¥R H 1.D. D, | i | ' :
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BORING LOG
N )
WECT Ismave  ForT :
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uantity Fl - EA EA EA A KA 9,75 m| /1 /0 Pm]| 25 ov X " AT tow wiTER
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1o A tuen 1.D. 1.D. ' o [Briwn| e Bra-o /’}/ / /72— L
ength __ 24 1uel L L. e— l ! : : [
) "
lommer welqh?._.l..éﬂ_ [c] core | ! i . ;
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c g\: g 2 alm ; CORING . OF SOIL / ROCK :
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BORING LOG CONTD
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u B
gé’ - SAMPLE SOIL- BLOWS ORHYD.PRESS.
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PARSONS, BRINCKERHOFF, QUADE & DOUGLAS
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n:‘?i :3‘ /// | . : 2-@ ATTEMPT SO ON PEVDE TRATES
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PARSONS BRINCKFRHOFF QUADE & DOUGLAS
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PARSONS, BRINCKERHOFF, QUADE & DOUGLAS

SJECT __l=lSMAYD  FORT
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b3 2o w
° 5 < | © |RuN [REG.|RM |R%|RQD
TIME S|67eom H 1% |3 20 UerT BROWL ; pROWL To GrRAY, DEVSE L,
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2oMHE| - SAND. NODULE OF &M GAVEL giee-auT
ROV thH STRONG (‘lN(zE[z_ )
. PResVrE, (gm\
|
oy ? ~
e /7‘"5— Lio)r Brown VERY DEVSE L SAVD . aan
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PARSONS, BRINCKERHOFF, QUADE 8 DOUGLAS

BORING LOG

WECT _k{SMAYD  Po R

JATION Bolre Cled - (DL Y

QUAR R WIGVIAVD , ComAVAA

|BORING NUMBER ¢33, - |
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ITRACTOR (AENDRALL
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LLER _FESTD ALWENTE STATION OFFSET
ERIG_RODID, <oOMNA 2 DRILLING START TIME L 20PNV pate | sEc
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QUANTITIES GROUND WATER DATA !
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PARSONS, BRINCKERHOFF, QUADE 8 DOUGLAS

BORING LOG CONTD
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zloel, x|  |0/6 ]|6/12[12/18 |18/24 REC. FIELD IDENTIFICATION
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PARSONS, BRINCKERHOFF, QUADE 8 DOUGLAS

BORING LOG
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PARSONS, BRINCKERHOFF, QUADE & .DOUGLAS

WECT _KIEMAYO punt

BORING LOG CONTD
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APPENDIX D

LABORATORY TEST RESULTS
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CTL CERTEAL TUSTING  LABOPATORIES (g,

F 18507 let S:-.02/0)
GEODRILL LIMITED F 0 tex 5 |
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rc ' - ) R
Job No.......... . SOIL TEST &¢ 3[, 7S SUMMARY SHEET . !
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T m|= S| aa b= C.B.R. */% 7%
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P.0. sex qasor Tel. 559422/
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CYL  CENTRAL TESTING LABORATORIES LTD.

P.0O. BOX 18507 TEL.559422/23
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IL  cenTrRAL TESTING LABORATORIES LTD.

P.O. BOX 18507 TEL. 559422723

NAIROGI,
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TEST No. 4

ABRASION Date 1§-12-1983
. -] 1OS ANGELES TEST '
| I e BT e ] — :

TESTING METHOD: ‘A 8 ™M C 131 & 535

TEST FOR: o
. Required C
[l Coarse Aggregate S 50%
1 Base Roads = _40%
) Surface Dressing s 35%
ROCKS, ROCKFILLS & FILTERS
23 Materials of Types I,II,IIT, V, VI & VII < 35%
CJ Material of Type IV £ 50%
GRADING B |
- Weight and grading of test sample
Passing ~ Retained : weight - spheres - | revolucions
3 2 4/2v '
2 1/2" on
21 | 1. 1/2n
1 1/2v .oqn .
L - ‘3 /4n .
3/40 1/2" | 2500 | 14 | 500
1/2n. 3/8n _;_50 Vo)
z/8n . 1/4n '
1/4n No.4(4.75 mm) .
No.4=4.75mm | No.8(2.36 mm) {.'
Total weight | . Vo - _5000 Gr
Weight of material coarser tham no. 12 sieve W = 3290
. | ww - _1710
Los Angeles Coefficient ‘ C -=100__\»_I-W/ C = 3[“ 2 %
-' . ) ,

IOCATIONS OF CORRESPONDING WORKS AND REMARKS

MOGADISHU SAMPLE

A
) AR - e . M / 2 )
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TEST No._Z

3 "ABRABION Date 20-[2~—53
‘ JOS ANGELES TEST. )
TESTING METHOD: A STM C 131 & 5}5
TEST FOR: 4 -
Required C
(-] Coarse Aggregate < 50%
3 Base Roads = 40%
] Surface Dressing . = 35%
ROCKS, ROCKF & FILTERS
[3J Materials of Types I,II,III, V, VI & VII s 35%
3 Material of Type IV £ 50%
GRADING ___ B
Weight and grading of test semple
Passing Retained weight spheres revolutions
3 2 1/2n '
2 1/2n 2n
21 1_1/2m
1_4/2v 1
1" . 5/4," :
3/4" a/2" 2500 —
1/2" 3/8% 2500 14 500
3/6" | agos
/4" No . 4(4.75 mm)
0 .44, 75mm No.8(2.36 mm) i,
Total weight = _5000 6r
Weight of material coarser than mno. 12 sieve W = 3683 ~
| w-w; = _113% .
Los Angeles Coefficient C =100_W-W , _ v A
100 Ve g 22-7 /

JOCATIONS OF CORRESPONDING WORKS AND REMARKS

OlD AIRPORT KISMAYU SAMPLE

[}
.

PNy

\
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. ABRASION

La g

EST No. 3

Date 20-)2-%3
L0S ANGELES TEST '
TESTING METHOD: ASTM C 131 & 535
TEST FOR: - '
‘ Required C
(1 Coarse Aggregate S 50%
1 Base Roads f 40%
[ Surface Dressing S 35%
ROCKS, ROCKFILLS & FILTERS
[J Materials of Types I,II,III, V, VI & VII S 35%
1 Material of Type IV £ 50%

Los Angeles Coefficient

GraDING B
Weight and grading of test sample
Pagsing Retained weight spheres revolutions
20 2 1/211' )
2. a/2n 2
an 1 1/2%
1 ']/2" l]ll
1 _3/4
3 /40 ' 1/2" 2500
1/2" /8w 2500 11 500
3 /8" 1/40 ‘ :
1/4" No 4(4.75 mm) -
NO o 4=4, 75mm No.8(2.%6 mm) !¢,
Total weight V o= S000 Gr.

Weight of materiel coarser than no. 12 sieve W/ a 35/ 6 .

uw = 484

c =100 v/, 29.- 2%

LOCATIONS OF CORRESFONDING WORKS AND REMARKS

MERKA SAMPLE
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ABRASION

‘.I.'EST No. &

GRADING B

Date 2 [—- [‘2‘—83
:LOS ANGELES TEST )
TESTING METHOD: A 8 T M 'C 131 & 535
TEST FOR: '
Required C
[l Coarse Aggregate € 50%
3 Base Roads E 40%
1 Surface Dressing S 35%
ROCKS, ROCKFILLS & FII:TER.:
[3J Materials of Types I, II,III, V, VI & VII £ 35%
O3 Material of Type IV £ 50%

Weight and grading of test sample

Passing Retained 4_ we:.ght spheres revolutions
3“ ' 2 ']/2" .
2 1/2v 2"
21 ' 1 1/2"
1. 1/2" v
']ll .3/4" N
3/ vz | 2800
172" 3/6" 2500 11 500
3/8n . 1/4n '
1/4n No.4(4.75 mm)
NO o 4~4, 75mm No.8(2.36 mm) ! ..
Totel weight W = 5000 Gr
Weight of material coarser than no. 12 sieve W/ = _'_368 o .
= w-w; = _J320 .
Los Angeles Coefficient C =100_W-W', _ 6. 4 o
. _W—G —2 ‘4 [Q

IOCATIONS OF CORRESPONDING WORKS AND REMARKS
pouce PiT SAMPLE
LVEST oF RoAD
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APPENDIX E

PROFILES FROM SOUNDINGS BENEATH WHARF PLATFORM
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