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Abstract - Samples from eleven boreholes have been taken from an@a area, which is part of
Sudanese continental shelf. Physical and mechanical properties were investigated witbl&&mttee bearing
capacity and safety factéor engineering properties. Ttaea consistef two facies, which are alluviahixed
with marine deposits and highly to extremely weathered limestone. The computatifiect’e overburden
pressure, Nvalueswere used to predict ultimate andoavable bearing capacity from which the safety factor
was calculated and equal 2.5 with final settlement of 2.54mm.

l. INTRODUCTION

The Red Sea regiotis interesting for geologists, and geotechnical engineers in miaird
constructions. The regional geolo@yig. 1) was carried out by Vail (1983, 1989); Babikir (1977); Al Nadi
(1984) and Koch (1996).dton (2002) reported that the modern rock shoreline sedimentary environment is a
hostile one and range of highenergy processes characterize these shorelines. The designation of weathering
depositional companion model of the karst formation in the Radc8ast of Sudan had been done bymam
et al., (2@3). For solvingengineering, geological, hydrogeological and environmental taskselgetical
methods are routinely applietHowever, almost the investigations were used theedeatrical methods in
different types of coast formations (Olayinka et al., 1999; Limbrick, K.J. 2003). In contrast, several geotechnical
characteristics o$oil could be evaluatedy using electric resistivity and the correlated with depth and other
parameters (Giao et al. @8).

Very rare geotechnical publications in Sudanese coast on continental shelf even hazard map for
engineering purposes, planning and/or development never take any researcher interest. In contrast, intensive
investigations have been done on the eastethI®a coast. Geotechnical problems as chemical stabilization in
Sabkha and formations were studied bylbudi (1995).
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Fig. 1: Regional geological map of the study area

1. LOCATION AND SAMPLING

Dama Dama is located about 7.0km southern Port Su@dg. 2. The site was selected liie
Administration of Engineering Projects Departm&uatdan Ports Corporation. Eleven boreholes were drilled in
mixed alluvial marine deposits on continental shelf (Table 1) using rotgryik on mobileplatform. The
sampler hee thick wall of 89mm thickness, 200mm length and the hammer weight is 63.5kg with length of
810mm. Drop distance is 760mm, tube 51mm and penetration pen 300mm.
Five as sampling boreholes and six for exploration, disturbed and undisturbed samples &oentdifels
were colected and obtained for physical and mechanical tests.
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Fig. 2: Location map, shows the boreholes positions

Table 1 Location of boreholes

BH BH type Depth Elevation Location

NO. (m) (m) D (m) c(m)

1 Explorer 21.70 -18.60 7657.60 11414.70
2 Sampling 22.80 -4.00 7612.00 11439.70
3 Sampling 33.10 -2.70 7610.30 11517.70
4 Explorer 36.00 -0.70 7588.50 11535.90
5 Sampling 34.80 -0.70 7572.10 11557.10
6 Explorer 30.50 -4.60 7560.20 11585.00
7 Sampling 26.00 -0.75 7500.10 11608.60
8 Explorer 24.80 -0.70 7475.80 11657.70
9 Sampling 15.50 -0.80 7741.50 11481.30
10 Explorer 09.25 -7.00 7597.80 11601.40
11 Explorer 06.50 -6.50 7470.60 11735.90
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I, METHODOLOGY
Different designations werearefully selected from American Standard Test Methods (ASTM) an89%3®
for weathering grade. All data were processed by Rales 2004 software in two and three dimensions.

V. OBJECTIVES
To investigate the marine deposits which consists of mixedialllaarbonate forming the sea bed by using
physical and mechanical properties for stable foundation under prevailing oceanographic conditions.

V. MARINE CONDITIONS
The sea level change is higher from November to May with the maximum in March and lower during
JuneOctober with minimum in August (Alzain and Aham, 2002). The regional drop in the sea level (June
September) due to NNW wind which blow over the entire length of the sea (Osman, 1984a). The hydrodynamic
condition prevailed and the generated waeegards the shoreline reabieights of order of 30.0cm. The wind
velocities occasionally attaigale force producing up to one meter high. The tidal amplitude ist6.8.4m
placing the shore zone in micro tidal environment (Alzain antidm, 2002).

VI. CORAL REEF LIMESTONE

Before the last regression, the sea levalerby perhaps as much as 20.@nd both positive and
negative changes have occurred indhea Alzain and AHmam, 2004). Pliocene and Tertiary deposits exposed
to weathering an@rosion during marine regression. Braithwaite (1982) suggested that at such times, limestone
would have been sculpted into the complex karsts topography. However, the outcrops coral reef limestone in the
area almost indicates to synchronous depositiorosdiliferous limestone followed by oolitic and then lime
mud. The variability of the shore and shoreline time area caused by seasonal changes in the climate,
oceanographic conditions and drainage system which become activertetseasonal periodsVith the help
of the concept of morphologic states the seasonal and intersesadability canbe assessed qualitatively
Obviously, beach mobility increases with increasing temporal variability of the beach state observed. The
alluvial deposits reach ¢hsea floor within the reef area by hydrological process and mixed with reefal
sediments.

VII. RESULTS AND DISCUSSION

Values of some representative samples reflect the environment deposition and grain size. The boreholes
consist of two types of faciesarbonate andnixed alluvial with marine deposiexcept BHD and BHL1
whichare carbonate as a resultant of variations of environmental conditions. BH1 and BH2 almost are alluvial
and the carbonateppears at depth at 22.20Whe Carbonate facies in BHkickness between 3to8at depth
range between 9081 to 13.8®m. The coral reef of grow stopped at mentioned depths due to intensive
accumulation of alluvial deposits by drain system pattern direct to the sea. The thickness of these deposits varies
from 6.88min BH6 to 11.3m in BH3. The marine environment was changed to be suitable for coral reef
growing at depth in range of 1.6m to 3.6m up to the bottom surface. Twa ofaheixed deposits appear in
BH9 cutting by carbonate faes which have 1.2m thicknesghe thickness of the first cycle which overlain the
coral reefis 5.6m between depths of 10.6m to 5.0m and the second cycle which covered by coral reef have 2.0m
thickness between depths 3.8m to 1,8m. These environmental variations encouraged to weathering of soils and
directly affected on its properties, and createtew stratification with the faciesmccording to weathering
degree

1.1. Physical Properties

Table 2 shows some physical properties and consistency of some representative samples. Moisture
contents values are indicator for coarse grain soil as well appiaeemt specific gravity (Gayhich recorded a
relative high valuesNe t  d ggwad detgrrined for each faciasd the relative density was empirical value
according to Bowles (1984). The distribution of wet density by 2D model3yigppeared thereakness zones
in the areaand it was confirmed by 3D model. Refer to the software scale, where to avoid the values which are
less than 1.98 sinkholes like appear due to chemical dissolving for carbonate minerals by &agwatgr




American Journal of Engineering Research (AJER) 2013

Wit density
22

Fig. 3 (a) 2D models of distributions of wet density with depth and (b) 3D bulk model after removing
densities less than 1.89, shows sinkhole like in the area

Saturation degree, void ratio values (T&plwere depend on the particle semed show that the alluvial
depositsnever subjected to high overbarding pressurawever, consistency values liquid limitl) and
plasticity (R) were calculated to predict the compression inde b8 using the formula:

Cc = 0.009L,. ~10) for normal onsolidationclay. According to theplasticity index (P values show tht
samples hava values greater than 1.0 means that they are solid clay wity Rvhich referred to high plastic
clay. The relative plasticity index (Rr) was determined for gmildition and moisture content by:

Moisture contentplastic limit/ liquid limit- plastic limit

The application of this formula shows that the values are less than 1.0 in soft state.

Table 2: Physical properties of soil samples

Sample No Physical properties Consistency
Moisture | Specific | Wet Dry Satwation | Void | Liqud | Plastic | Plastic | Ce
Content | Gravity | Density | Density Batio | Lomit | Limut | Index
DBI-1 209 163 198 146 896 0618
DBI4 210 163 187 133 179 0.713
DBI1-2 203 163 198 150 183 0761 [ 222 |136 |66 |011
Dbl-9 433|417 36 (032
DBI-10 437 1302 135 013

1.2.Mechanical Properties
1.2.1. Direct Shear Test

Is adopted from ASTM D308@2 and samples from B2 were obtained to test (TaB)e Graph of
shear strength versus normal stress .@rigvas drowningto predict the cohesion (C) and angle of internal
friction (@). However, the (C) values are 38.2KPa, 25.5KPa and (@) vatad3.4 and 39.8 respectively. The
results clarify that these types of soils have high internal fraction between particles affected the cohesion
intercept(C) and reflected on the internal friction angle. The results confirmed that the friction(@)ghé
thesemixed soils increasing towards the finest particles.
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Fig. 4: Shear stress vs direct shear

1.2.2. Compressibility
ASTM D243580 has been used for consolidation. The samples were subjected to applied compressive load and
allowed to act until equilibrium iseached with correspondirigne (24h) and the data graphically presented to
evaluate:
1 Void ratio versus the load{&curve) (Fig 58 and (Fig 5b).
1 Time versus deformation (time curve) (Fig. 6a) and (Fig.6b).
1 Void ratio versus the log of thegssureafter converted to short to(e-log p).
1 Consolidation coefficientersus the log pressuredddg P) curve.
Even more, the-p curve was used for settlement evaluation and théoG® for estimation the time rate of
settlement.
The compressibilitgoefficient (av) obtained from the equation:
w = nl »0
Where: gis an initial void ratio,efi s a v oi d r aitsi 02 OaltK,Ra0O@O&Rada ,0 U
Then a_, equal

_ 09908 0078 ..
@1= 500 100 vow
and
o 10 09783 o
@2= 500 100 ° vow

The values of (&) can be use to obtain the coefficient of volume change or compressibility (mv) from the
formula:

(= G
av="1,q

Hence:
L _2><104_10.,7..
Qv = 1998 - 00 VW
. _2.3><1O4_115“T,,
auv, = T DLW
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Fig. 6a: Time —conselidation curve, sample # D2-1 . Flg 6b: Time —consolidation curve, sample #D42
Tuble 3: Mechanical properties of soil samples
Sample | Direct shear Direct shear strength Compressibility Mode Compressibility coefficient
No test
C @ | KPa | KPa KPa KPa | KPa | KPa | KPa | KPa | KPa | KPa | KPa | KPa
KPa 25 30 75 100
DB2-1 | 382 | 364 | 5044 | 6839 | 7952 | 9514 | 814 | 1253 | 1642 | 2573 | 0245 | 0159 | 0.122 | 0.078
DB24 | 255 | 396 | 4488 | 69.11 1077 | 774 | 1062 | 1432 | 2187 | 0296 | 0.188 | 0.140 | 0091

1.2.3. Consolidation Index (CC)
It is a slope of straight line of void ratio versus log load in tannagd@snin Fig (7) which equal 0.05 and

0.02 respectively.
Void ratio and variation in sampléight arecorresponding to deformation which cemmputefrom height of
solids, void ratio, before and after test. By applied load the inadér height, thickness of the sample and void

ratio are decrease. The formula is:
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Q FQ\') ='Q = Qo

Where,

Hs = Height of initial water.

W, = weight ofdry sample
A = are of specimen

Gs = specific gravity

9, = Unit weightof water
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Fig. 7: Void ration vs log load in tonnage to obtained the consolidation index

By calculation the () equal 20mm before test and)(equal 0.9908 (Fighg after test. The actual height of the
sample after test is:

Q=0 YO
o Q
0.9908 = 20 7o
o B 20
Y'O= 0.184

The results of accumul at i o068 anglFig Gbe respactavely,t whiohecansble o w n
concentrated into a tinieconsolidation curve, frorwhich:
For sample (1):

100% deformation (D) = 0.96 at time (t) = 1.4 min.
50% deformation (D) = 0.40 at time (t) = 0.80 min
0.0% deformation (D) = 0.183 at time (t)

For sample (II):

100% deformation (D) = 0.87 at time (t) = 1.5 min
50% deformation (D) .60 at time (t) = 0.70 min

0.0% ceformation (D) =0.0 at time (t)

1.2.4. Consolidation coefficient (Cv)

It is obtained from timesurve by using the formula:

8= =
© 0
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Where, T, was determined from the relation between consolidation degrgeid the time factor from time
table which designed by Tarzagiki and Peck (1967).
d?= % samples thickness (H)

t =time

For sample (1)
XZ Xl D50
U, 0.50 0.60 0.70
T, 0.197 0.287  0.403
t 0.40 0.0 0.80
1/2H 10 10 10
By the application ofonsolidation equation the average value gj &3 follow:
. _0197x10% _ 49258 &2/ 40
“@= T C e aand
. 0197x 10 _ 478046240
= 060 = 478044 °/a
0197 x 10% _ 5037442/ 66
0= 0380 =5037ada“/a

6o (AWM = 4914662/ 4@
The same procedure was followed to predietaverage value of (Cof sample (I1) which was 69.9nffmin.

1.2.5. Settlement
Settlement is stress induced but is statistical time dependent aetiomudf particle rolling and
slipping which results in permanent soil skeleton change (Bowles, 1984). Thef sonmediatesettlement (Bi
and consolidated settlement (Pc) is the final settlement{fth can be computed by seempirical method
based orstandardPenetration Test(SPT) values or frorplecurve by using the equation
g

797149 Q 9
Or by using the consolidation index {by the following equation:
‘g 1+Q x &Qolo, 2/ o
The application of Figba and 5blsing the last equation, the settlement in the area as follow:
Sample P, (mm) P, (mm) P (mm)
1 0.13 2.41 2.54
2 0.13 0.10 0.23

The variation in () values refer to the different (Ovalues

1.2.6. Standard Penetration Test (SPT)

The (SPT) was used for its simplicity and availability of variety for correlatiibin other data. When
SPT is performed in soil layers containing shell, coral fragments or any other similar material, the sampler may
be plug. This will cause the SPT-\Wlue to be much greater than unplugged sampler and therefore, not
representative irek of soil layer properties. In this circumstance, a realistic design requires reducing the N
values which do not appear distorted (st. of Florida, 2004). The fieldldes were corrected by equation
depend®n theeffective overburden pressure proposgdBhzaraa (1967) as follow:

40

Ug = 750008 U = m
Where:
X1 =0.4 for Sl units.
X5 =0.01 for Sl units.
P, = effective overburden pressure.
The SPT profile of the area (Fi§g shows medium Nalues trend to low except small surface area due to the
weatheringgrade. According to the relation betweervalues and densities and when to avoigdiues which

less than 20 the weakness of the strata appear in 3D modesiffig
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1.2.7. Bearing Capacity by (SPT)

The general equation of bearing capacity depends on both, angle of internal fii@tiamd total
overburden pressure (TOP). To determine #ievalue the standard curve of the relationship between SPT (N
values) and anglef shear resistanc®€ak,Hanson and Thorburn, 1967) have been used. The general equation
of ultimate bearing capacity is:

Moo =NV 1+i& j 1 i@ 2

The values increasing with depth (F&g and when avoid values less than 4000 which equattorte
of the total value,hte strata became as kig. (9b).The (q;) divided bysafetyfactor to obtairthe allowable
bearing capacity (g). However, the safety factor depends on type of foundation, load such as dead load (DL) ,
live load (LL), windload (WL) and earth pressure (EP) (Bowles, 1984), and he suggested that the values of
safety factos between 1.2 to 5.0. In this study, the safety factor is one third,Qfglod then divided by (3)
because the dominant weathering gradgrégle 11l. Suldract another one third and divided the maximugy)(q
by the result as followsfterapplication of RW software and the safety factor (F) has been change to 4.5

(0ur) = 10.000
Divide by 3 = 10.000/3 = 3.33
=3.33/3=1.11
3.331.11=2.22
Hence: 10.000/2.22 =45 =F

Fig. 9 (a): 2D ultimate bearing capacity and (b) 3D ultimate bearing capacity less than 4000

The (q) have the same shape with slightly less in value. (H)pcomparing withFig. (9b).This confirmed the
results andherelation between density and\lue.
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VIIIL. CONCLUSION

The sea water is a geotechnical system having direct efficiency on soil and reef limestones causing
weathering and corrosion by chemical reactions. The reef limestones in the region are completely and extremely
weatlered, havingariesbearing capacity. Both specific gravitydG a nd d r y) vauesirs doritrgst of
wet depr)sandtsaturafiom values give an indication of mixture of alluvial marine depositént€hsive
cavities are characteristic thregion and can be developed to be sink holes. Although, the mechanical
parameters values give an encouragement for engineering construction, all foundatioaréa thwed/or which
like must be pilling design with taken case in soil geotechnical profile.
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