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1. INTRODUCTION

1.1 Purpose and Scope

This report contains presentation and evaluation of the geotechnical investigations which
were carried out for the offshore installations of the LNG Regasification Terminal at
Delimara, Malta for the purpose of deriving geotechnical design parameters for offshore pile
calculations for the jetty, the central platform, and the mooring and breasting dolphins.

The results of the field investigations and laboratory tests are contained in the report No.

2779-77-CI-RE-00003_Rev00 " Geotechnical Investigation for Offshore Marine Works —
Factual Report ", (14 Dec. 2014). This report will be referred to hereafter as Factual Report.

1.2 Work Performed

Planning of the field investigations and the laboratory testing was made by Castor Ltd.
Representative on Site who additionally supervised drilling of boreholes and laboratory tests.

Execution of the offshore boreholes and the laboratory testing was done by Messrs Terracore
Ltd., Malta.

In addition to the laboratory testing in Malta, a number of triaxial and oedometer tests were
carried out in UK by Messrs Geolabs and Environmental Scientifics Group (ESG).
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2. BACKGROUND INFORMATION

The offshore installations consist of the jetty, the central platform and the mooring and
breasting dolphins, the layout of which is shown in figure 1 together with the borehole locations.

All offshore installation will be founded on raked piles.

Detailed descriptions of the geometry of the installations, the loads and the arrangement of the
piles are given in the Design Reports.
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3. OFFSHORE FIELD INVESTIGATIONS AND LABORATORY
TESTS

3.1 Offshore Field Investigations
Ten offshore boreholes, namely G1 to G10, were drilled at the locations shown in figure 1.

Boreholes were rotary drilled with the aid of a hydraulic drilling rig which was placed on a
barge with crane named Bezz V. The barge was stabilized at the borehole locations with
the aid of two vertical tubular spikes with diameter of 1m and 15m long at shallow depths,
and with the aid of four concrete anchor blocks 2mx2mx2m at deeper depths. Borehole
locations were placed by a surveyor. Photographs of the barge and the drilling rig are given
in appendix B.

All boreholes were drilled with continuous sampling. In the soil formations standard
penetration tests were executed every 2m to 3m, and undisturbed samples were obtained at
about 4m intervals with the aid of a piston sampler and in Shelby tubes both 75mm in
diameter. In the rock formations double tube core barrels T2 86mm were used. Borehole
exploration logs are given in the Factual Report.

All samples were properly labeled and packed for transportation to the testing laboratories
in Malta and UK.

3.2 Laboratory Tests

Laboratory tests were carried out in accordance with the British Standards BS1377:1990.
Test results are given in the Factual Report. Tables 1 to 8 summarize the results of the
classification tests, triaxial tests, oedometer tests, organic contents of soils, and rock
mechanics tests. Statistical presentations of the soil and rock properties are given in figures
410 9.

Soil description is according to the Unified Soil Classification System (USCS).
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4, PRESENTATION OF THE GEOTECHNICAL INVESTIGATION
DATA

4.1 Brief Description of the Subsurface Conditions

The results of the geotechnical investigations are summarized in the subsurface sections of
figures 2 and 3. It can be seen from these figures that subsoil can be broadly differentiated
in the upper soil formations and the underlying soft rock and hard rock formations.

The upper soil formations consist of the following layers:

» Layer la: Sea bottom. Very soft silt (ML) and silty sand (SM) with thickness of about 1 m

e Layerl: Very soft to soft clay (CL), silty sand (SM) and loose clayey gravel (GC)

e Layer ll: Very stiff clay (CL) and medium dense clayey gravel (GC), clayey sand (SC)
and silty sand (SM)

e Layer I la: Hard clay (CL) and dense clayey gravel (GC)

The underlying soft rock and hard rock formations consist of the following layers:

» Layer Il : Very soft to soft clay marl, light brown colour
* Layer IV: Soft marly limestone of grey colour.

Important Note: The main characteristic of the soil formations is that they have low values of
specific gravity of grains (GS), which were found to vary between 2.41 and 2.68 with a
single value to 2.72 (see table 1). Similar/ the soft and hard rock formations have low values
of bulk unit weight of the order of 2.20Mg/m? (see tables 7 and 8).

In the subsequent paragraphs descriptions of each layer are given in some detail.

4.2 Layer Ila

This layer consists of very soft silt (ML) and silty sand (SM) with zero resistance to standard
penetration. They are sea bottom materials with thickness of about 1m.

Classification properties are given in figure 4.1. Statistical presentation of properties is given in
figure 4.2. Water contents are high varying between 22 and 64 percent and dry unit
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weights low: two values equal to 1.07Mg/m® and 1.55Mg/m* were determined. Original data
are given in table 1.

Unconsolidated undrained triaxial tests yielded low shear strength values c, varying between
a minimum of 8kPa and a maximum for 25kPa (see figure 4.2c). Values were obtained
from table 4.

Figure 4.3 shows stress paths of three consolidated undrained triaxial tests with pore
pressure measurements (CUPP). From this plot it can be shown that the effective stress
parameters are c'=0kPa and ¢'=48.6°. [Equations applied : c'=b'/cosa’, sincp'=tana.
Analytical data are given in the factual report and summarized in table 2.

Organics content was found to be equal to 7.5 percent (table 6).

4.3 Layer |
This layer consists of very soft to soft clay (CL), silty sand (SM) and loose clayey gravel.

Classification properties are presented in figure 5.1. Statistical presentation of properties is
given in figure 5.2. Water contents are high of the order of 43 percent, and dry unit weights are
low of the order of 1.30Mg/m?®. Original data are given in table 1.

Resistance to standard penetration is low of the order of 9 blows for 30cm penetration
(figure 5.2c¢). Original data were obtained from the borehole exploration logs in the Factual
Report.

Unconsolidated undrained shear strength values c, are low fluctuate between a minimum of
5kPa and a maximum of 43kPa (figure 5.2d). Values were obtained from table 4.

Figure 5.3 shows stress paths of unconsolidated undrained triaxial test with pore pressure
measurements (CUPP) from which the shear strength parameters deduced are c¢'=7.2kPa
and ¢'= 40.2°. Analytical data are given in the Factual Report and summarized in table 2.

Figure 5.4 shows the results of consolidated drained triaxial tests(CD) plotted in terms of
(01'+03)/2 versus (ol'-03')/2. Analytical data are given in the Factual Report and
summarized in table 3. From these plots deduced shear strength parameters are c¢'=5.1kPa
andcp'=41°.

Figure 5.5 shows the results of 7 oedometer tests plotted in terms of oedometer modulus
Eoed versus vertical pressure (E,.d=1/Mv). Analytical data are given in the Factual Report and
summarized in table 5. Oedometer modulus values are low: At vertical pressures equal to
the overburden plus 200kPa, E,.d varies between 2100kPa and 6000kPa with two higher
values equal to 9500kPa and 12000kPa (table 5).

Organics content was found to vary between 2.8 and 17.0 percent (table 6).
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4.4 Layer |l

This layer consists of very stiff clay (CL) and medium dense clayey gravel (GC), clayey sand
(SC) and silty sand (SM).

Classification properties are presented in figure 6.1. Statistical presentation of properties is
given in figure 6.2. Water contents are of the order of 30 percent and dry unit weights of the
order of 1.50Mg/m®. Original data are contained in table 1.

Resistance to standard penetration varies between 8 and 32 blows for 30cm penetration
(figure 6.2c). Original data were obtained from the borehole exploration logs in the Factual
Report.

Unconsolidated undrained shear strength c, values vary between 26kPa and 81kPa (see
figure 6.2d and table 4).

Figure 6.3 presents the results of 2 oedometer tests plotted in terms of oedometer modulus
Eoed versus vertical pressure. Analytical data are given in the Factual Report and
summarized in table 5. At vertical pressures equal to the overburden plus 200kPa, Egeq
values were found to be equal to 8000kPa and 1000kPa (table 5).

4.5 Layer lla

This layer consists of hard clay (CL) and dense clayey gravel (GC), clayey sand (SC) and silty
sand (SM).

Classification properties are presented in figure 7.1. Statistical presentation of properties is
given in figure 7.2. Water contents were found to be the order 20 percent and dry unit weights
are of the order 1.60 Mg/m®. Original data are contained in table 1.

Resistance to standard penetration varies between 16 and 64 blows for 30cm penetration
(figure 7.2c). Original data were obtained from the borehole exploration logs in the Factual
Report.

Unconsolidated undrained shear strength c, vary between 35kPa and 88kPa (see figure
7.2d and table 4).

Figure 7.3 presents the results of 2 oedometer tests plotted in terms of oedometer modulus
Eoed against vertical pressure. Analytical data are given in the Factual Report and
summarized in table 5. At vertical pressures equal to the oedometer plus 200kPa, E..d
values were found to be equal to 1100kPa and 2100kPa (table 5).

4.6 Layer |1l

This layer consists of very soft to soft light brown clay marl. Statistical presentation of strength
and bulk unit weight is given in figures 8.1 and 8.2. Original data are given in the Factual
Report and summarized in tables 7 and 8.
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Uniaxial compressive strengths vary between 3.2MPa and 9.5MPa. Young's modulus values
vary between a minimum of 510kPa and a maximum of about 2400kPa. Reported Poisson's
ratio values are in general high and not realistic.

Point load strength Iss, axial varies between 0.10MPa and 11MPa, and Iss, oblique between
O.IOMPa and 7.4 MPa.

Bulk unit weigth is low of the order 2.20 Mg/m?®.

4.7 Layer 1V

This layer consists of low strength marly limestone of grey colour. Statistical presentation of
strength and bulk unit weight is given in figures 9.1 and 9.2. Original data are given in the
Factual Report and summarized in tables 7 and 8.

Uniaxial compressive strengths vary between a minimum of 2.3MPa and a maximum of
16.7MPa. Young's modulus values vary between a minimum of 900kPa and a maximum of
about 14000kPa. The majority of the reported Poisson's ratio values are high and therefore
not realistic.

Point load strength Issq axial varies between 0.214MPa and 3.5MPa, and Iss, oblique
between 0.2MPa and 3.2MPa.

Bulk unit weight is low of the order of 2.15 Mg/m®.

4.8 Seismicity

According to EN 1998-1:2004 the subsurface formations are classified to the following ground types:

Layer la : Ground type D, expect where sandy : liquefiable S, (offshore).
Layer I: Ground type D
Layer II: Ground type D

Layer | la: Ground type D
Pile tip foundation

Layer IlI: Ground type A
Layer IV: Ground type A

10
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5. EVALUATION AND SELECTION OF GEOTECHNICAL
DESIGN PARAMETERS

5.1 Evaluation of the Geotechnical Investigation Data

Evaluation of the field investigations and the laboratory tests, leading to selection of
geotechnical design parameters is given in Appendix A. Sheets A-1 to A-15 present the
evaluation of strength and compressibility parameters of the upper soil formations, while
sheets A-16 to A-27 present the evaluation of strength and compressibility parameters of
the underlying soft and hard rock formations.

Cautious estimates of design parameters for each borehole are given in sheets A-29 to
A-38.
5.2 Selection of Design Parameters for the Offshore

Installations

On the basis of the above presentation, selected design geotechnical parameters for each
offshore installation are given in figures 10 to 31.

11
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TABLE 6

SUMMARY OF ORGANICS CONTENT DETERMINATIONS

Loss on Soil
Borehole Sample Depth Ignition Type Layer
(m) (%)

G4 2 1.3 2.79 SC |
G6 1 1.5 17.02 CL |
G7 2 1.5 10.13 ML |
G8 7 10.8 8.54 SM I
G9 1 1.0 7.52 SM la
G10 6 8.9 5.23 SM |
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Average: 1635MPa
Minimum: 510MPa
Maximum: 2380MPa
Number of Tests: 6

Number of results

0 400 800 1,200 1,600 2,000 2,400

Young's Modulus Em (MPa)

Layer lll: Very low strength clay marl, light brown colour.

LAYER I
YOUNG'S MODULUS Em
STATISTICAL PRESENTATION
FIG 8.2
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Average: 3584MPa
18 Standard Dev: 3040.71
Minimum: "900MPa
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Layer IV: Low strength marly limestone of grey colour.

LAYER IV

YOUNG'S MODULUS Em
STATISTICAL PRESENTATION
FIG 9.2
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Legend

¢,= Undrained shear strength

®,= Undrained friction angle

¢’ = Effective cohesion

End of Borehole

Fig. B4 (no scale)

¢ = Effective internal friction angle

CASTORLTD

Oq = Uniaxial Compressive Strength

Y = Wet unit weight
Eoes = Oedometer modulus

RQD= Rock quality index
En= Rock mass deformation modulus
Ngpr = SPT , blow counts/30cm (for soil)

JETTY PIER A2
DESIGN PARAMETERS
FIG 10
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Legend
¢,= Undrained shear strength

®,= Undrained friction angle
¢’ = Effective cohesion

¢’ = Effective internal friction angle

CASTOR LTD

End of Borehole
Fig. B4 (no scale)

0. = Uniaxial Compressive Strength

Y = Wet unit weight
Eced = Oedometer modulus

RQD= Rock quality index

E.n= Rock mass deformation modulus

Nspr = SPT, blow counts/30cm

JETTY PIER A3

DESIGN PARAMETERS

FIG 11
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Legend
¢,= Undrained shear strength

®,= Undrained friction angle
¢’ = Effective cohesion

¢ = Effective internal friction angle

CASTOR LTD

Oq = Uniaxial Compressive Strength

Y = Wet unit weight
Eoed = Oedometer modulus

RQD= Rock quality index
En= Rock mass deformation modulus
Nspr = SPT , blow counts/30cm

JETTY PIER A4
DESIGN PARAMETERS
FIG 12
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Legend
c,= Undrained shear strength

®.= Undrained friction angle
¢’ = Effective cohesion

¢’ = Effective internal friction angle

CASTOR LTD

0. = Uniaxial Compressive Strength
Y = Wet unit weight
Eoed = Oedometer modulus
RQD= Rock quality index
En= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm

JETTY PIER A5

DESIGN PARAMETERS

FIG 13
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2Piles L=25.8m 5.5m
Elevation
-5.5 ea bottom - Soil surface
Layer la (SM) Eoda =[1000kPa ’ ¢, F 18kPa 1.0m
6.5 . =l0° y*1 N/m®
Laver I (SM). (ML)
sPTT 4
¢’ F OkPa C, = |20kPa 10.0m
Q’|= 28° 9, =b°
= 18kN/m° Eoea = 4000kPa
-16.5
Layer Ill MARL
Oq = 4MPa
"= 50kPa y = 22kN/m® “m - 16.5m
Tz 28° En = 400MRa
-20.5
-23.0
Layer IV MARLY LIMESTONE
Em = 1000MPa
RQD= 75% 0. = 10MPa
¢’ = 100kPa Y = 22.5kN/m®
¢ = 30°
kv = 1000000kN/m*
End of Borehole
Fig. B2 (no scale)
Legend
¢,= Undrained shear strength Oq = Uniaxial Compressive Strength
®= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eoed = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

En= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm

JETTY PIER A6
DESIGN PARAMETERS

FIG 14
CASTOR LTD



JETTY PIER +6.15

BOREHOLE G8 A7 (Sea bottom -5.9m to -6.4m)
nearest +3.7 PILE HEAD
+0.0 3:1 311
v

=1016/20mm

Piles L=26.8m 6.0m
Elevation
-6.0 ea bottom - Soil surface
Layer [a (SM) Ejed = [1000kPa ¢, = 15kRa 1.0m
-7.0 @, =0° y = 17kNfm®

Layer [ (SM), (ML)

seif 4
¢’/= OkPa c, = 20kPa 10.5m

9= 28° P, =5°
= 18kN/m? Eoeq = 400DkPa

-17.5
Layer Il MARL 0¢ = 4MP

¢’ = 50kPa y = 22kN/m® 4.0m

215 ¢ = 28° Em = 400MRa 7.0m
-24.5
Layer IV MARLY LIMESTONE
En = 1000MPa
RQD= 75% 04 = 10MPa
¢’ = 100kPa Y = 22.5kN/m*
¢ = 30°

kv = 1000000kN/m*
End of Borehole
Fig. B2 (no scale)

Legend
¢,= Undrained shear strength O = Uniaxial Compressive Strength
®v= Undrained friction angle Y = Wet unit weight
"= Effective cohesion Eoes = Oedometer modulus
¢ = Effective internal friction angle RQD= Rock quality index

En= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm

JETTY PIER A7
DESIGN PARAMETERS

CASTOR LTD FIG 15



JETTY PIER +6.15

BOREHOLE G838 (Sea bottom -6.5m to -7.7m)
A8 +3.7 PILE HEAD

0.0 3:1 3:1
A
=1016/20mm
Piles L ;,n=26.9m
(Mmax=27.6m) 6.5m
Elevation
-6.5 ea bottom - Soil surface
" Layer la (SM) Edeq = [1000kPa ¢, =\15kRa 1.0m
75 . =]0° = {1 7kNym*
Layer | (SM), (ML)
spTi 4
¢’ F OkPa ¢, = 20kPa 10.0m
@Y= 28° @, =5°
= 18kN/m’ Eoeqd = 40Q0kP
-17.5
Layer [Il MARL
Oy = 4AMP 4.um
-21.5 ¢’ = 50kPa Yy = 22kN/m 9.0m
@ =28° En = 400MPa
-26.5
Layer IV MARLY LIMESTONE
E.. = 1000MPa
RQD= 75% Oq = 10MPa
¢’ = 100kPa Y = 22.5kN/m®
¢ = 30°
kv = 1000000kN/m®

End of Borehole
Fig. B2 (no scale)

Legend
¢,= Undrained shear strength 0. = Uniaxial Compressive Strength
®y= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eces = Oedometer modulus
¢ = Effective internal friction angle RQD= Rock quality index

E.»= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm

JETTY PIER A8
DESIGN PARAMETERS

CASTOR LTD FIG 16



JETTY PIER +6.15
BOREHOLE G8 A9 (Sea bottom -7.2m to -9.1m)

nearest +3.7 PILE HEAD
$0.0 3:1 3:1
A
PE=1016/20mm
2Riles Lyax=29.2m 8.3m
(LAa=27.7m)
Elevation
-8.3 ea bottom - Soil surface
Layer la (SM) Efed =/1000kPa ¢, = 18kPa 1.0m
9.3 9,5 0° y = 17RN/nY®
Layer | (SM), (ML)
sp1= 4
1= 0kPa C, = 20kRa 10.5m
28° @, =5°
18kN/m* Eced = 4000KPa
-19.8
Layer Hl MARL
0. = 4MPa
¢’ = 50kPa y = 22kN/m om
-23.8 @ = 28° En = 400MPa 12.0m
-31.8
Layer IV MARLY LIMESTONE
Em = 1000MPa
RQD= 75% Js = 10MPa
¢’ = 100kPa Y = 22.5kN/m®
@ = 30°
kv = 1000000kN/m®
End of Borehole
Fig. B2 (no scale)
Legend
¢,= Undrained shear strength 0. = Uniaxial Compressive Strength
®u= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eceq = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

E.= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm

JETTY PIER A9
DESIGN PARAMETERS

CASTORLTD FIG 17



JETTY PIER +6.15

BOREHOLE G1 A10 (Sea bottom -8.4m to -12.8m)
nearest +3.7 PILE HEAD
+0.0 3:1 3:1
v
=1016/20mm
Piles Lpa=39.7m 10.0m
min=35.7m)
Elevation
-10.0 Sea bottom - Soil surface
Layer la (SM) Ecef = 1000kPa ¢, =| 15kPa 1.0m
-11.0 @,=q y =|17KN/m’
Layer | (SM), (ML)
Ngpr=
c’ =|0kPa ¢, = 20kRa
o =[28° Py=5 10.0m
y 5 18kN/m® Eces = 4Q00kPa
210
Layer i {CL}), (SC)
Nsp =19
cl= 10kPa ¢, = 70kPa 6.0m
o] = 30° to 32° ¢, = 5
= 19kN/m’ Epea = 11000kPa
-27.0 )
Layer 1ll MARL
0. = 4MPa
¢’ =50kPa v=22kNm® | 1o
-31.0 @ = 28° Em = 400M 9.3m
-36.3
Layer IV MARLY LIMESTONE Em = 1000MPa
RQD= 60% 0. = 10MPa
¢ = 100kPa ¥ = 22, 5kN/m*
¢ =30°
kv = 1000000kN/m*
End of Borehole
Fig. B2 (no scale)
Legend
¢,= Undrained shear strength O = Uniaxial Compressive Strength
®.= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eoeq = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

En= Rock mass deformation modulus
Nspr = SPT , blow counts/30cm

JETTY PIER A10
DESIGN PARAMETERS

FIG 18
CASTOR LTD



JETTY PIER +6.15
BOREHOLE G1 A11 (Sea bottom -9.3m to -14.9m)
nearest +3.7 PILE HEAD
+0.0 3:1 3:1
A
d=1016/20mm
Piles Lp,x=48.4m 11.0m
L n=43.2m)
Elevation
-11.0 ea bottom - Soil surface
Layer la (GC) Edeq =/3000kPa 15kPa 1.0m
-12.0 @, = 10° 18KN/m*
Layer | (GC)
spTf 6
¢’|= 5kPa Cy = 40k 10.0m
30° ¢, = 10°
18kN/m* Eqed = 6Q000KPa
-22.0
Layer Il (CL), (SC)
NEpr= 19
¢’ = 10kPa Cy, = 70kPa 12.0m
@ = 30° to 32° @, =5
y = 19kN/m’ Eoea = 1100Dk
-34.0 )
Layer Il MARL
04 = 5MPa .Om
-38.0 ¢’ = 50kPa y = 22kN/m> 7.0m
¢ = 28° E., = 400MPa
-41.0
Layer [V MARLY LIMESTONE
RQD= 60% 0 = 14MPa
¢’ = 100kPa Y = 22 5kN/m®
@ = 30° En = 1000MPa
kv = 1000000kN/m*

Legend
c,= Undrained shear strength

P.= Undrained friction angle
¢’ = Effective cohesion

End of Borehole
Fig. B1 (no scale)

@’ = Effective internal friction angle

CASTORLTD

0. = Uniaxial Compressive Strength
Y = Wet unit weight
Eseq = Oedometer modulus
RQD= Rock quality index
E= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm

JETTY PIER A11

DESIGN PARAMETERS

FIG19



+6.15

BOREHOLE G1

CENTRAL PLATFORM (Sea bottom -9.8m to -17.3m)

+5.0 PILE HEAD

+0.0 3:1 / 3'1
4 v
=1016/20mm
OPiles Lna=53.9m
( min=44-6m) 16.0m
Elevation
-16.0 a bottom - Soil surface
Layer la (GC) Eceh = 3000kPa ¢, = \15kRa 1.0m
-17.0 L= 10° y = {8kNym’
Layer | {GC)
Ngpr=/6
¢’ = 5kPa cy = 40kPa 5.5m
@ 7 30° ®,= 10
-22.5 Y 18kN/m? Eoes = 6000kP
Layer I (CL), (SC)
Ngdr= 19
"= 10kPa ¢, = 70kPa 18.5m
"= 30°to 32° ¢y =5
y = 19kN/m® Eoeq = 11000kPa
-41.0
Layer Ill MARL
Oq = 5MPa
¢ = 50kPa y = 22kN/m® 3.0m
@ = 28° En = 400MPa
-44.0
Layer IV MARLY LIMESTONE
RQD= 60% 04 = 14MPa
¢ = 100kPa Y = 22.5kN/m®
¢ = 30° En = 1000MPa
kv = 1000000kN/m?>

End of Borehole
Fig. B1 (no scale)

Legend
¢,= Undrained shear strength

®,= Undrained friction angle
¢’ = Effective cohesion

@’ = Effective internal friction angle

CASTORLTD

0 = Uniaxial Compressive Strength

Y = Wet unit weight
Eoes = Oedometer modulus

RQD= Rock quality index
Em= Rock mass deformation modulus
Nser = SPT, blow counts/30cm

CENTRAL PLATFORM
DESIGN PARAMETERS
FIG 20



MOORING DOLPHIN +4.8 MD-01 (SEA BED -6.0 to -14.8)

BOREHOLE G7
nearest MD-01 +3.7 PILE HEAD
+0.0 31 3:1 +0.0
A
$=1400/25mm
4Piles L gan=43.8m  [11.0m
Lax=34.7m)
Elevation
-11.0 Sed bottom - Soil surface
Laver fa (ML) Eoes F 1000kPa ¢, =\ 15kPa 1.0m
-12.0 Pf= 0° = U 7kN/m?®
Laver | (ML), (CL)
kPa c, = 20kPa 9.5m
4° ¢y =0°
TkN/m® Eoed = 250QkP
215
Layer Il (GC), (SM), (SC)
17
5kPa ¢, = 60kPa 11.5m
1= 31° ®, = 10°
= 19kN/m* Eoeq = 10000kP
-33.0
Laver Il MARL
¢’ = 50kPa 0, = 8MPa
¢ = 28° y = 22kN/m* 1.0m
En = 400MPa
-34.0
Layer IV MARLY LIMESTONE
¢’ = 100kPa En = 1500MPa
@ = 30° 0 = 14MPa
kv = 1000000kN/m*® Yy = 22.5kN/m®
RQD= 90%

End of Borehole
Fig. A1 (no scale)

Legend
¢,= Undrained shear strength 0, = Uniaxial Compressive Strength
P4= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eces = Oedometer modulus
¢ = Effective internal friction angle RQD= Rock quality index

En= Rock mass deformation modulus
Nser = SPT, blow counts/30cm

MOORING DOLPHIN MD-01
DESIGN PARAMETERS
FIG 21
CASTOR LTD



MOORING DOLPHIN +4.8 MD-02 (SEA BED -7.0 to -14.5)

BOREHOLE G7
MD-02 +3.7 PILE HEAD
+0.0 3:1 3:1 +0.0
A4 v
®=1400/25mm
4Piles L,=43.5m 11.0m
Lmin=35.5m)
Elevation
-11.0 Sea bottom - Soil surface
Layer la (ML) Eoed = 1000kPa =\15kRa
-12.0 @4 = 0 m*
Layer | (ML), (CL)
’ Ngor=
"= QkPa c, = 20kPa 9.5m
‘= pge 9, = 0°
y= 17kN/m’ Eoed = 2500kP
-21.5
Layer Il (GC), (SM), (SC)
NsprF 17
¢’ 5kPa ¢y = 60kPa
@’]= 31° Q= 10° 11.5m
= 19kN/m* Eoeq = 10000k
y 330
Lavyer Ill MARL
"= 50kPa 0. = 8MPa
p = 28° y = 22kN/m* 1.0m
En = 400MPa
-34.0
Layer IV MARLY LIMESTONE
¢’ = 100kPa En = 1500MPa
@ = 30° Og = 14MPa
kv = 1000000kN/m® Y = 22.5kN/m?
RQD= 90%
End of Borehole
Fig. A1 (no scale)
Legend
¢,= Undrained shear strength 0 = Uniaxial Compressive Strength
P~ Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eqeq = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

En= Rock mass deformation modulus
Ngpr = SPT, blow counts/30cm

MOORING DOLPHIN MD-02
DESIGN PARAMETERS
FIG 22

CASTORLTD



MOORING DOLPHIN

+4.8

BOREHOLE G6
nearest MD-03 +3.7 PILE HEAD
0.0 3:1 31 0.0
A
$=1400/25mm
4Piles L,.x=44.5m
Lmin=37.5m)
15.0m
Elevation
-15.0 Sel bottom - Soil surface
Layer la (ML) Eced = 1000kPa ¢, =\15kPa 1.0m
-16.0 0, =0 y = [ 7kN/m®
Layer la (ML), {MH), (CL)
Nger=
¢, = 1QkP 4.5m
¢, = 0°
Eoea = 1000kRa
-20.5
Laver il (CL)
¢, = 100kRa
¢, = 0° 2.0m
Eoeq = 11000kPa
-22.5

Layer lia (GC), (CL)

Ngpr= 40
¢’ = 15kPa ¢y = 150kPa 12.3m
¢ =37 9= 5°
y = 19.5kN/m* Eoea = 18000kPa
-34.8 ~
Layer lll MARL [' ﬂ ,
¢’ = 50kPa 0= TMPa 5m
@ = 28° y = 22kN/m® 2.0m
-36.3 En = 400MPa
-36.8

Layer IV MARLY LIMESTONE

¢’ = 100kPa
@ = 30°

kv = 1000000kN/m?®
RQD= 85%

En= 1000MPa
04 = 14MPa
Y = 22.5kN/m°

Legend
¢, Undrained shear strength

Pu= Undrained friction angle
¢’ = Effective cohesion

End of Borehole
Fig. A2 (no scale)

¢ = Effective internal friction angle

CASTORLTD

O = Uniaxial Compressive Strength
Y = Wet unit weight
Eced = Oedometer modulus

RQD= Rock quality index
Epn® ROCK Mass detormaton moauius

Ngpr = SPT, blow counts/30cm

MD-03 (SEA BED -10.0 to -16.8)

FIG 23



MOORING DOLPHIN +4.8 MD-04 (SEA BED -7.9 to -15.8)

BOREHOLE G6
MD-04 +3.7 PILE HEAD
+0.0 3:1 3:1 +0.0
h A
®=1400/25mm
4Piles L ph=43.2m
(Lin=35.0m)
14.0m
Elevation
-14.0 Sela bottom - Soil surface
Layer la (ML) Eoed = 1000kPa ¢, =\ 15kPa 1.0m
-15.0 ®,=0 y=\17 N/m?
Layer la (ML), (MH), (CL)
Ngpr=
"= DkPa ¢, = 10k 4.5m
T=22° ¢,=0
y =[17kN/m* Eged = 1000KPa
-19.5
Layer 1l (CL)
19
10kPa ¢, = 100kPa
= 30°to 32° ¢, =0° 2.0m
19kN/m*® Eoeq = 11000kP
-21.5
Layer lla (GC), (CL}
Ngpr= 40
¢’ = 15kPa ¢, = 150kPa 12.3m
¢ =37 ®,=5°
y= 19.5kN/m* Eqeq = 18000kP
-33.8
Layer Il MARL
¢’ = 50kPa o4 = TMPa 5m
-35.3 ¢ = 28° y = 22kN/m?® 2.0m
Em = 400MPa
-35.8
Layer IV MARLY LIMESTONE
¢’ = 100kPa En = 1000MPa
¢ = 30° 05 = 14MPa
kv = 1000000kN/m> Y = 22.5kN/m®
RQD= 85%
End of Borehole
Fig. A2 (no scale)
Legend
c,= Undrained shear strength 0. = Uniaxial Compressive Strength
®y= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eoed = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index
E.= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm FIG 24

CASTOR LTD



MOORING DOLPHIN +4.8 MD-05 (SEA BED -8.7 to -11
BOREHOLE G3
nearest MD-05 +3.7 PILE HEAD
+0.0 3:1 3:1 +0.0
v
$=1400/25mm
4Piles Lya=32.6m
(Lin=29.8m)
9.5m
Elevation
-9.5 ea bottom - Soil surface
Layer la (SM) Eokg =/1000kPa ¢, = {15KkPa 1.0m
-10.5 v 0° y = \7kN/m®
Layer | (SM)
se1f 6
‘= SkPa Cy = 40KPa 9.0m
28° ¢, = 5°
18kN/m* Eced = 6000k
-19.5
Layer lla (SM)
Nger= 19
¢’ = 5kPa C, = 70kPa 2.5m
@ = 30°to 32° 9,=5°
y= 19.5kN/m’ Eoes = 10000kP
-22.0 e
Laver Ill MARL
¢’ = 50kPa o, = SMPa Om
-25.0 @ = 28° Yy = 22MPa 5.0m
En = 800MPa
-27.0
Layer IV MARLY LIMESTONE
¢’ = 100kPa Em = 1000MPa
¢ =30° 0. = 10MPa
kv = 1000000kN/m* Y = 22 5kN/m®
RQD= 60%

End of Borehole

Fig. A5 (no scale)

Legend
¢,= Undrained shear strength

®.,= Undrained friction angle
¢’ = Effective cohesion

¢’ = Effective internal friction angle

CASTORLTD

O = Uniaxial Compressive Strength

Y = Wet unit weight
Eoeqd = Oedometer modulus

RQD= Rock quality index
En= Rock mass deformation modulus
Nspr = SPT, blow counts/30cm

MOORING DOLPHIN MD-05
DESIGN PARAMETERS
FIG 25



MOORING DOLPHIN +4.8 MD-06 (SEA BED -8.7 to -10.5)
BOREHOLE G3
MD-06 +3.7 PILE HEAD
£0.0 31 3:1 0.0
v
®=1400/25mm
4Piles Ly=31.5m
(Lmin=30.2m)
9.5m
Elevation
-9.5 ed bottom - Soil surface
Layer Ia (SM) Eoed =[1000kPa ¢, = 15KPa 1.0m
-10.5 @, = 0° y= 1k /m?®
Layer | {(SM)
kPa c, = 40kPa 9.0m
8° ¢y = 5°
8kN/m”® Eoeq = 6000
-19.5
Layer lla (SM)
30
5kPa Cy = 100kPa 2.5m
¢ = 34° ¢y, = 5°
vl= 19.5kN/m* Epeq = 11000kP
-22.0 /
Lavyer lil MARL
" = 50kPa oy = SMPa om
-25.0 "= 28° Y = 22MPa 5.0m
Em = 800MPa
-27.0
Layer IV MARLY LIMESTONE
¢’ = 100kPa En = 1000MPa
¢ = 30° Os = 10MPa
kv = 1000000kN/m* Y = 22.5kN/m®
RQD= 60%
End of Borehole
Fig. A5 (no scale)
Legend
¢,= Undrained shear strength Oq = Uniaxial Compressive Strength

®4= Undrained friction angle
¢’ = Effective cohesion

¢ = Effective internal friction angle

CASTORLTD

Y = Wet unit weight

Eqeq = Oedometer modulus
RQD= Rock quality index

En= Rock mass deformation modulus
Ngpr = SPT, blow counts/30cm

MOORING DOLPHIN MD-06
DESIGN PARAMETERS

FIG 26



MOORING DOLPHIN +4.8 MD-07 (SEA BED -9.0to -11.0)
BOREHOLE G4
nearest MD-07 +3.7 PILE HEAD
+0.0 31 3:1 +0.0
V4 .
©=1400/25mm
6Piles L 0=27.1m
L min=25.0m)
10.0m
Elevation
-10.0 Sea bottom - Soil surface
Layer [a (SM) Efeqs = 1000kPa cy = 15kRa 1.0m
-11.0 ¢,= 0° y = 17kNm
Layer | (SM
Nspr= 8
¢’ = 5kPa ¢, = 50kPa 8.0m
¢ =30 @, =5
y= 18kN/m’ Eoed = 6000kPa
» o190
Layer Il MARL
¢’ = 50kPa O = 6MPa
¢ = 28° y = 22kN/m® 2.0m
En = 400MPa
-21.0
Layer IV MARLY LIMESTONE
¢" = 100kPa En = 1000MPa
@ = 30° O = 13MPa
kv = 1000000kN/m3 Y = 22.5kN/m°
RQD= 70%

End of Borehole
Fig. A6 (no scale)

Legend
¢, Undrained shear strength

®.= Undrained friction angle
¢’ = Effective cohesion

¢’ = Effective internal friction angle

CASTORLTD

Og = Uniaxial Compressive Strength

Y = Wet unit weight
Eged = Oedometer modulus

RQD= Rock quality index
Em= Rock mass deformation modulus

Nspr = SPT, blow counts/30cm

MOORING DOLPHIN MD-07
DESIGN PARAMETERS
FIG 27



MOORING DOLPHIN  +4.8 MD-08 (SEA BED -10.0 to -12.7)
BOREHOLE G4
MD-08

+3.7 PILE HEAD

$=1400/25mm
6Piles Ly2=27.3m
min=24.5m)
11.0m
Elevation
-11.0 Sea bottom - Soil surface
Layer la (SM) Eqts = 1000kPa ¢, = 15k 1.0m
-12.0 u=0° y= 17kN ° L
Layer | (SM)
Ngpr= 8

¢’ = 5kPa Cy = 50kPa 7.5m

"= 30° ¢y =5

y = 18kN/m’ Egeq = 6000kPa

, 195

Layer Il MARL

¢’ = 50kPa Og = 6MPa

o = 28° y = 22kN/m® 1.0m

Em = 400MPa

-20.5
Layer IV MARLY LIMESTONE

¢’ = 100kPa En = 1000MPa

(p' = 30° O = 13MPa

kv = 1000000kN/m3 Y = 22.5kN/m®

RQD= 70%
End of Borehole
Fig. A6 (no scale)
Legend
c,= Undrained shear strength Oq = Uniaxial Compressive Strength
®u= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eoed = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

En= Rock mass deformation modulus
Ngpr = SPT, blow counts/30cm

MOORING DOLPHIN MD-08
DESIGN PARAMETERS

FIG 28
CASTOR LTD



BREASTING DOLPHIN

+6.1

BD-01 (SEA BED -16.5 t0 -17.5'

BOREHOLE G5
nearest BD-01 +2.9 PILE HEAD
£0.0 3:1 3:1 £0.0
Y
$=1400/25mm
Piles Lya=51.7m
Lon=47.4m)
17.5m
Elevation
-17.5 ea bottom - Soil surface
Layer [a (SM) Eoed = 1000kPa ¢, = 15kPa 1.0m
185 o) =[o° y = Trki/m?
Layer | (SM), (CL)
Nebrd 7
" ¥ 5kPa c, = 40KkP 9.0m
-k 30° ¢, = 5°
-27.5 yl= 18kN/m® Eoes = 600DkPa
Layer Il (GC)
spr= 26
"= 10kPa Cy = 120kP! 4.0m
=320 ¢,=5°
Y= 19kN/m” Eoed = 12000K]
-31.5
Laver fla (SC), (CL), (l)
Nspr= 40
¢’ = 10kPa Cy = 150kPa 11.3m
¢ = 37° Q= 5°
y= 19.5kN/m® Eced = 18000kPa
-42.8
Layer [l MARL
¢’ = 50kPa O = 5MPa .5m
-44.3 ¢ = 28° Y = 22kN/m® 3.2m
En = 400MPa
-46.0 _
Layer IV MARLY LIMESTONE
¢’ = 100kPa Eyn = 1000MPa
¢ = 30° 0= 14MPa

kv = 1000000kN/m>

RQD= 60%

22 5kN/m?®

Legend

¢,= Undrained shear strength

$= Undrained friction angle
¢’ = Effective cohesion

¢ = Effective internal friction angle

CASTORLTD

End of Borehole
Fig. A3 (no scale)

O =

Eoed =

RQD=

Uniaxial Compressive Strength

Wet unit weight

Oedometer modulus

Rock quality index

En= Rock mass deformation modulus

Ngpr = SPT , blow counts/30cm

FIG 29



BREASTING DOLPHIN

+6.1

BOREHOLE G5
BD-02 +2.9 PILE HEAD
3:1
+0.0 3:1 +0.0
A
O=1400/25mm
Piles L;.x=50.0m
Lmin=47.8m)
17.0m
Elevation
-17.0 Sea bottom - Soil surface
Layer la (SM) Eced = 1000kPa ¢, = {i5kPa 1.0m
-18.0 y= 17k /m*
Layer | (SM), (CL)
Cy = 40kP 9.0m
@, =5
Eoed = 60Q0kRa
-27.0
Layer i (GC)
sp1= 26 4.0m
c]= 10kPa C, = 120kPa
of = 32° ¢, = 5°
-31.0 = 19kN/m* Eoed = 1200QkP
Layer lla (SC), (CL). (GC)
sp1= 40
¢ = 10kPa ¢, = 150kPa 11.3m
¢ =37° ¢, = 5°
y = 19.5kN/m* Eoed = 18000kP
-42.3 /
Layer Il MARL
¢ = 50kPa 0y = 5MPa 5m
-43.8 @ = 28° y = 22kN/m® 3.2m
Em = 400MPa
-45.5
Layer {V MARLY LIMESTONE
¢’ = 100kPa En = 1000MPa
@ =30° Os = 14MPa
kv = 1000000kN/m® Y = 22 5kN/m®
RQD= 60%

Legend
¢,= Undrained shear strength

¢~ Undrained friction angle
¢’ = Effective cohesion

End of Borehole
Fig. A3 (no scale)

¢’ = Effective internal friction angle

CASTORLTD

0. = Uniaxial Compressive Strength
Y = Wet unit weight
Eced = Oedometer modulus
RQD= Rock quality index
E.,= Rock mass deformation modulus

Ngpr = SPT, blow counts/30cm

BD-02 (SEA BED -15.5t0 -17.5;



BREASTING DOLPHIN +6.1 BD-03 (SEABED -13.5t0 -17.0
BOREHOLE G2
BD-03 +2.9 PILE HEAD
0.0 3:1 3:1 0.0
A4 v
=1400/25mm
Piles Lyx=47.2m 17.0m
(Lmin=44.5m)
Elevation
-17.0 ea bottom - Soil surface
Layer la (SM) Eoba = [1000kPa ¢, = 15kPa 1.0m
-18.0 4 =[0° y = 17.0kN/m®
Layer | (SM)
spTF 6
¢’ ¥ 5kPa C, = 40kP 3.0m
Q' F 28° Gy = 5°
21.0 y/= 18kN/m* Eoeq = 6000kPa
Layer Il (SM), (MH)
Ngpr= 19
"= 5kPa cy, = 70kP 8.0m
"= 32° ¢, = 5°
y= 19kN/m® Egeq = 10000kP
-29.0
Layer lla (SM), (GC)
spT= 40
¢’ = 5kPa ¢, = 150kPa 10.7m
¢ =37° ¢, = 5°
y = 19.5kN/m’ Eoed = 18000kPa
-39.7
Layer lll MARL [ / \‘( 16m
-41.2 ¢’ = 50kPa Oq = 5MPa
¢ =28° y = 22kN/m* 6.5m
En = 400MPa
-46.2
Layer IV MARLY LIMESTONE
¢’ = 100kPa En = 1200MPa
@ = 30° 04 = 14MPa
kv = 1000000kN/m* y = 22.5kN/m®
RQD= 70%

End of Borehole
Fig. A4 (no scale)

Legend
¢, Undrained shear strength

¢~ Undrained friction angle
¢’ = Effective cohesion

¢ = Effective internal friction angle

CASTORLTD

Oq = Uniaxial Compressive Strength
Y = Wet unit weight
Eoeq = Oedometer modulus

RQD= Rock quality index
Em= Rock mass deformation modulus

FIG 31

Nspr = SPT , blow counts/30cm



APPENDIX A

EVALUATION AND SELECTION OF GEOTECHNICAL DESIGN PARAMETERS

A1. Design Parameters for Soil Formations Sheets A-1to A-15
A2. Design Parameters for Rock Formations Sheets A-16 to A-27
A3. References Sheet A-28

Selected Geotechnical Design Parameters
for each Borehole Sheet A-29 to A-38
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SUBJECT...........Geotechnical Design. Parameters. ..o, CHECK BY LLM
DATE December..2014 SHEET No. 1 OF 28

A1. DESIGN PARAMETERS FOR SOIL FORMATIONS

A1.1 Effective Strength Parameters ¢’ & @’

a) General Relationships

Tahie 22. Correiations of i
and Uchida (19598 and Broms ¢

al friction angle and SPT W
Fiodin {19820

Sgil Type ag- (degreas)
Angelar and weﬁ»_ rainad [ @ ={12N)y"+ 28
soif particles {Ses Nolg)
Round and wall-grained | ¢ = (12N + 20 Cunham (1954) (#2)
ar gnguiar and Ll“ifC - (Sas Noig)
arained soll particles
ound and uniform- = {(12NY 5+ 15 n QR4) 3 :
Foung and uniform fn { ) 'k ‘ 1 Dunham {18545 ¢ Equatlon 1
arained soil particies {Sos Note)
Sandy Chsakl et al. 1959}
Granular b= 20+ BEN Muromachi etal.
(Sas Nowe) {18974}
Randy b= (1B + 15245 iN= | Japan Road
5 Association (1880
{Soe Nolg
Sandy g o= (20N + 24 Fatznaka and

Uchida (1556
My = N-value normalized to 1
sef of overhurden pressure
using the Lizo and Whitman
1G88) equation. Risthe
recomumendation of this repart
W uee My g with this
cormelation.,

:ng““iﬂ proposed, these correlations used the uncorrecisd 32T Dlowoount,

hammers delivering 60% of the hsoretical enargy have been the most
; v;»;d hammers for SPT tests, and |t seems ¥ tthﬁ daiz on which thess
orrslations were based was obtained primarily Fom lesis w uch hammers. [t thergfors
seems logical 1o use Mes with these comelaions, and it is tht- recommendation of this

report Hwat this be done.

tl\ fﬂ

(McGregor and Duncan, 1998)
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GEOTECHNICAL ENGINEERING CONSULTANTS
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SUBJECT.............Geotechnical Design. Parameters CHECK BY wm.
DYAY = — December..2014 SHEET No. 2 OF 28
Table A1
Representative values for angle of internal friction ¢
Type of test*
Unconsolidated- Consolidated- Consolidated-
undrained, undrained, drained,
Soft U CU CDh
Gravel
Medium size 40-55° 40-55°
Sandy ~35550° 35-30°
Sand
Loose dry 28-34°
Loose samurated 28-34° .
Dense dry 35-46° 43-50°
Dense saturated 1-2° less than 43-50°
dense dry
Silt or silty sand
Loose 20-22° 27-30°
Dense 25-30° 30-35°
Clay 0° if saturated 3200 20-42°
*See 2 laboratory rmnual on soil testing for a complete description of these tests, .g., Bowles
(1992).
Notes:

1. Use larger values as ¥ increases,

2. Use larger values for more angular particles.

3. Use larger values for well-graded sand and gravel mixtures (GW, SW).
4, Average values for gravels, 35-38°; sands, 32-34°,

Figare 2-35  Correlation between ¢ and plasticity index I, for normally consolidated (including marine) clays.
Approximately 80 percent of data falls within one standard deviation. Only a few extreme scatter values are shown
{Data from several sources: Ladd et al. (1977), Bjerrum and Simons (1960), Kanja and Wolle (1977), Olsen et al.

(1986).]

50

40 {-
g 301 ;
) Fig. 2
3
3 20—

10

0 ! l } 1 | 1 i ut H
) 10 20 30 40 50 60 70 80 30 100

(Bowles, 1996)
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Table A2
TABLE 3.5
COMMON PROPERTIES OF COIIESIONLESS S0!1.8°*
¥
. dry.t Vold ratln Strongtht
Mutorial Corapaciness Dy, % N* g/cm’ e ¢
GW:well-graded Dense 75 90 2.2 6.22 10
gravels, gravel- Medium dense 50 585 2.08 0.28 36
sand mixtures Loose 25 <28 1.97 0.6 32
GP: poorly graded Dense 75 70 2.04 0.33 a8
gravels, gravel- Medium dense 50 50 1.92 0 39 35
sand mixtures Loose 25 <20 1.83 a7 2
SW: well-gruded snnds, Dansa 75 65 .09 0.43 17
gravelly sands Muedium dense 54 45 1.79 4y 34
Loose 25 <15 1.70 .57 30
SP: poorly graded Dense 75 50 1.76 0.52 36
sands, gravelly Medium densa S0 30 1.67 06U 33
sands Loose 25 <10 1.59 0.65 29
SM: silty sands Dense 75 15 1.65 0.62 35
Medium dense 50 25 1.55 0.74 az
Loose 25 <4 1.49 a.80 29
ML: inarganic silts, very Bense 75 35 1.49 0.80 43
fine sands Maeadium dense 50 20 1.41 0.450 3)
Loose 28 <4 1.35 1.0 27
*N is blows per foot of peneiration in the SPT. Adjusimonts los grudation are afler Burmistar {1962)%¢ Sos Table 6.4 for
genaral relstionships of Dg va. N.
tDensily given is [or G, = 2.68 {qusartz greins)
{iriction angly ¢ depends on mineral lypa, normal strags, and grain ungularity us woll ae 17 and grodation (son Fig 3,294
**From Hunt (1984)." Reprinted with parmission of McGraw-Hi) Book Company.
(Hunt, 1983)
Very loose
/ Loose fVery dense
Medium Den
0 " ense i
10
5 2 >
8 -
% 30
5z |
23
T2 40 ! L
9 u N
3 i b
27 50 .
& ;
50 i ' H
j bt
70 — ——
A
30 ! ; . i :
28 32 36 40 44
@ {degrees)
Fig. 11.14 Correlation between friction angle and penetra-
tion resistance (From Peck. Hanson, and Thornburn, 1953).
Fig. A1
SHEET A- 3
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b) Selection of Soil Design Parameters ¢’ & ¢’

Borehole G1
Layer I:

(GC)

Ngpr=6

Layer ll:

(CL), (SC)

Nspr=19

From empirical equations

From laboratory test results
Selected values

From empirical equations

From laboratory test results
Selected values

®=(12N)**+20=28°
c'=5kPa, ¢’ = 28°
C,:-, (p’ =0
c'=5kPa, ¢’ = 30°

®=(15N)**+15=32°
c¢'=10kPa, ¢’ = 32°
C’=°, (p’ =.

c'=10kPa, ¢’ = 32°

Borehole G2
Layer I:
(SM)

Nspr=6
Layer II:
(SM), (MH)
Nspr=19
Layer lla:
(GC), (SM)

Nspr=40

From empirical equations

From laboratory test results
Selected values

From empirical equations

From laboratory test results
Selected values

From empirical equations

From laboratory test results
Selected values

@=(20N)%°+15=26°
c'=5kPa, ¢’ = 26°
c'=-kPa, ¢’ =-°
c'=5kPa, ¢’ = 28°

@=(15N)**+15=32°
c'=5kPa, ¢’ = 32°
C,=’, (p; = _0
c'=5kPa, ¢’ = 32°

¢=(12N)>>+15=37°
c’=5kPa, ¢’ = 37°
c'=-kPa, ¢’ =-°
c’=5kPa, ¢’ = 37°

Borehole G3
Layer I:
(SM)

Nspr=6

Layer lla:
(SM)

Nspr=30

From empirical equations
From laboratory test results

Selected values

From empirical equations

From laboratory test results
Selected values

@=(20N)**+15=26°
c’=5kPa, ¢’ = 28°
c¢'=0kPa, ¢’ = 36°
c’=17kPa, ¢’ = 38°
c'=5kPa, ¢’ = 28°

@=(12N)**+15=34°
c'=5kPa, ¢’ = 34°
c'=-kPa, ¢’ =-°
c¢’=5kPa, ¢’ = 34°

CASTORLTD
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Borehole G4
Layer|:
(SM) From empirical equations ©=(20N)*®+15=27°
c'=5kPa, @’ = 27°
Nspr=8 From laboratory test results c’=0kPa, @’ = 52°
Selected values c'=5kPa, ¢’ = 30°
Borehole G5
Layer I:
(SM), (CL) From empirical equations =(20N)*°+15=26°
c'=5kPa, ¢’ = 26°
Ngpr=7 From laboratory test results c'=9kPa, ¢’ = 40°
c'=5kPa, ¢’ = 41°
Selected values c'=5kPa, ¢’ = 30°
Layer II:
(GC) From empirical equations ®=(12N)*5+15=32°
c'=10kPa, ¢’ = 28°-32°
Nspr=26 From laboratory test results ~ ¢'=-, ¢’ = -°
Selected values c'=10kPa, ¢’ = 32°
Layer lla:

(GC), (CL), (SC)

From empirical equations

¢=(12N)%°+15=37°
c'=10kPa, ¢’ = 30° -37°

Nspr=40 From laboratory test results = =-°
Selected values c¢'=10kPa, ¢’ = 37°
Borehole G6
Layer la:
(ML), (MH), (CL) From empirical equations P=(12N)**+15=19°
c'=0kPa, ¢’ = 19°
Nspr=0-1 From laboratory test results c'=0kPa, @’ = 47°
Selected values c'=0kPa, ¢’ = 22°
Layer lI:
(CL) From empirical equations 9=(15N)**+15=32°
c'=10kPa, ¢’ = 32°
Nspr=19 From laboratory test results ~ ¢'=-, ¢’ = -°
Selected values c'=10kPa, ¢’ = 32°
Layer lla:
(GC), (CL) From empirical equations ©=(12N)**+15=37°
c'=15kPa, ¢’ = 37°
Nspr=40 From laboratory test results ~ ¢'=-, ¢’ =-°
Selected values c'=15kPa, ¢’ = 37°
CASTORLTD SHEET A-6
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Borehole G7
Layer I:
(CL), (ML) From empirical equations 0=(12N)*3+15=20°
c'=0kPa, ¢’ = 20°
Nspr=2 From laboratory test results ~ ¢’=8kPa, ¢’ =37°
Selected values c'=0kPa, ¢’ = 24°
Layer ll:
(GC), (SM), (SC) From empirical equations ®=(15N)%5+15=31°
c’=5kPa, ¢’ = 31°
Nspr=17 From laboratory test results ~ ¢'=-, ¢’ = -
Selected values c'=5kPa, ¢’ = 31°
Borehole G8
Layer I:
(SM), (ML) From empirical equations =(20N)**+15=24°
c'=0kPa, ¢’ = 24°
Nspr=4 From laboratory test results ~ ¢'=10kPa, ¢’ = 37°
c'=2kPa, ¢’ = 40°
Selected values c'=0kPa, ¢’ = 28°
Borehole G9
Layer I:
(SM) From empirical equations =(20N)"%+15=26°
c’=0kPa, ¢’ = 26°
Ngpr=6 From laboratory test results ~ ¢'=0kPa, ¢’ = 41°
Selected values c'=5kPa, ¢’ = 30°
Borehole G10
Layer I:
(SM) From empirical equations ®=(20N)**+15=26°
c'=5kPa, ¢’ = 26°
Ngpr=6 From laboratory test resuilts c'=0kPa, ¢’ = 41°
Selected values c’=5kPa, ¢’ = 30°
CASTORLTD SHEET A-7
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A1.2 Undrained Shear Strength c,
a) General Relationships
0 -
PENETRATION RESISTANCE VS {'SOWERSi ok |
UNCONFINED STRENGTH OF CLAY B ATS OF LOW PLASTIGTY AKRD

Z /"t CLAYSOF MEDIUM PLASTCITY /-"

o ¥ CLAYS OF HIGH PLASTCITY, P

< ~ ~ \ / /’/

st s

s 20 5 Ll

by g P

W " TERZAGHI AND PECK -~

s .
& L

5 15 ltl 4 - f""‘

= ! e -t

q kg /d -—"

g lf l’ ._»"""

woc v PPl ="

¥ .

g 5 f! / -*""P’"

< il i e

fon ' il _,-""'

= P Ll P

= A T e

= -~

o O
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UNCONFINED COMPRESSIVE STRENGTHQu ,TSF
Correlations of Standard Penstiration Resistance

Fig.1 Relationship between blow count N and unconfined compressive strength g, cohesive
soils. (NAVFAC DM 7.1, 1982) - ¢, = qJ/2
1 TSF = 107.3kPa
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b) Selection of Soil Design Parameters - c,

Borehole G1
Layer la:
(GC) Selected values c, =15kPa, @, =0°
LaverI:
(GC) From chart NAVFAC cy =35kPa
Ngpr=6 From laboratory test results cu =269kPa (not accepted)
Selected values ¢, =40kPa, @, = 10°
Layer lI:
(CL), (SC) From chart NAVFAC ¢y, = 100kPa
Ngpr=19 From laboratory test results ¢, = 26kPa, 58kPa, 64kPa
Selected values c, =70kPa, @, =5°
Borehole G2
Layer I:
(SM) From chart NAVFAC c, = 35kPa
Ngpr=6 From laboratory test resuits ¢, = 21kPa, 20kPa
Selected values c, =40kPa, @, = 5°
Layer Il:
(SM), (MH) From chart NAVFAC ¢, = 100kPa
Ngpr=19 From laboratory test results ¢, = 39kPa
Selected values cy =70kPa, @, = 5°
Layer lla:
(GC), (SM) From chart NAVFAC ¢y = 200kPa
Ngpr=40 From laboratory test results Cy=-
Selected values ¢, =150kPa, @, = 5°
Borehole G3
Layer I:
(SM) From chart NAVFAC c, = 35kPa
Ngpr=6 From laboratory test results c, = 23kPa
Selected values ¢, =40kPa, ¢, = 5°
Layer lla:
(SM) From chart NAVFAC ¢, = 100kPa
Ngpr=30 From laboratory test results ¢, = 33kPa
Selected values ¢, =100kPa, @, = 5°
CASTORLTD SHEET A-9
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Borehole G4
Layer I:
(SM) From chart NAVFAC c, = 40kPa
Ngpr=8 From laboratory test resuits ¢, = 23kPa, 45kPa, 79kPa
Selected values cu =50kPa, @, = 5°
Borehole G5
Layer I:
(SM), (CL) From chart NAVFAC c, = 40kPa
Ngpr=7 From laboratory test results c, = 25kPa
Selected values c, =40kPa, ¢, = 5°
Layer ll:
(GC) From chart NAVFAC c, = 125kPa
Ngp1=26 From laboratory test results c, = 81kPa
Selected values cu =120kPa, @, =5°
Layer lla:

(GC), (CL), (SC)
Ngpr=40

From chart NAVFAC
From laboratory test results
Selected values

¢, = 150kPa
c, = 43kPa.
c, =150kPa, ¢, = 5°

Borehole G6

Layer la:
(ML), (MH), (CL)
Ngpr=0

From chart NAVFAC
From laboratory test results
Selected values

c, = 0kPa
¢, =8kPa, 19kPa
c, =10kPa, ¢, =0°

Layer ll:

(CL) From chart NAVFAC cy = 125kPa

Nspr=19 From laboratory test results cy =-kPa
Selected values c, =100kPa, ¢, =0°

Layer lla:

(GC), (CL) From chart NAVFAC cy = 150kPa

Ngpr=40 From laboratory test resulis ¢, = 35kPa, 88kPa, 79kPa, 63kPa
Selected values c. =150kPa, ¢, = 5°

Borehole G7

Layer I:

(CL), (ML) From chart NAVFAC c, =15kPa

Ngpr=2 From laboratory test results ¢, =43kPa, 104kPa
Selected values cu =20kPa, @, =0°

CASTORLTD SHEET A- 10
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Layer II:

(GC), (SM), (SC)
Ngpr=17

From chart NAVFAC
From laboratory test results
Selected values

c, = 80kPa
¢, = 30kPa
c, =60kPa, ¢, = 10°

Borehole G8

Layer la:
(SM)

Layer I:
(SM), (ML)
Nspr=4

Selected values

From chart NAVFAC
From laboratory test results
Selected values

c, =15kPa, @, = 0°

c, =20kPa
¢y =bkPa, 8kPa
¢, =20kPa, ¢, =5°

Borehole G9

Layer la:
(SM)

Layer I:
(SM)
Nspr=6

Selected values

From chart NAVFAC
From laboratory test results
Selected values

¢, =15kPa, ¢, =0°

c, =35kPa
¢, =40kPa
c, =40kPa, ¢, =5°

Borehole G10

Layer la:
Selected values ¢, =15kPa, ¢, = 0°
Layer I:
(8M) From chart NAVFAC ¢, =35bkPa
Ngpr=6 From laboratory test results c, =31, 18kPa
Selected values c, =40kPa, ¢, =5°
CASTOR LTD SHEET A- 11
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A1.3 Oedometer Modulus E .4

a) General Relationships

CASTOR LTD

TABLE 5-6

Table 4

Equations for stress-strain modulus E, by several test methods

E, in kPa for SPT and units of g, for CPT; divide kPa by 50 to obtain ksf, The N values should be
estimated as Neg and not Ny, Refer also to Tables 2-7 and 2-8.

Soil SPT CPT
Sand (}mrmaﬂy E, = SOO(N + 15) E, = (2 to 4)g,
consalited - 7000 /% = 8000 /3,
= 6000N —
—_——— E, = 123D +2)a.
1E, = (15000 t0 22000)  In N *E, = (1 + D¥gq,
Sand (sarurated) E, = 250(N + 15) E, = Fg,
e =10 F =35
e =056 F=170
Sands, all (norm. 9E, = (2600 w0 2900)N
consol.)
Sand (overconsolidated) 1E, = 40000 + 1050N E, = (6 © 30)q,
Exomny = Exe JOCR
Gravelly sand E, = 1200(N + 6)
= G0N + 6) N=15
= G0N + 6) -+ 2000 N>15
Clayey sand E =300N+15) = E,, E, = (3 o 6)g.
Siits, sandy silt, or E, = 300N +6) E, = (1 ©v2)g,
clayey silt
If g. < 2500 kPa use ‘E] = 2.5¢, (Bowles, 1996)
2500 < g, <5000use  E' = 4g, + 5000
where
E} = constrained modulus = a—ﬂ%%—(—ltﬁ%—ﬁ = ;lx; = Eoeq
Soft clay or clayey silt E = (310 8)g.

SHEET A- 12
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b) Selection of Soil Design Parameters - Eqeq

Borehole G1
Layer |:
(GC) From empirical equations Eoeq= 250*(N+15)=5250kPa
Ngpr=6 From laboratory test results Eseq=12000kPa
Selected values Eoeq=6000kPa
Layer ll:
(CL), (SC) From empirical equations Eoeq= 320*(N+15)=10880kPa
Ngpr=19 From laboratory test results Eoed=-
Selected values Eceq=11000kPa
Borehole G2
Layer |:
(SM) From empirical equations Eoeq= 250*(N+15)=5250kPa
Ngpr=6 From laboratory test results Eced=-
Selected values E,eq=6000kPa
Layer |l:
(SM), (MH) From empirical equations Eoeq™ 300*(N+6)=7500kPa
Ngpr=19 From laboratory test results Eoea=12000kPa
Selected values E.eq=11000kPa
Layer lla:
(GC), (SM) From empirical equations Eoes= 300*(N+6)=13800kPa
Eoea= 320*(N+15)=17600kPa
Ngpr=40 From laboratory test results Eoeq=-
Selected values Eoeq=18000kPa
Borehole G3
Layer I:
(SM) From empirical equations Eoed= 250*(N+15)=5250kPa
Ngpr=6 From laboratory test results Eceq=5800kPa
E.eq=6000kPa
Selected values Eea=6000kPa
Layer lla:
(SM) From empirical equations Eoes= 300*(N+6)=10800kPa
Ngpt=30 From laboratory test results Eoed=-
Selected values E..c=11000kPa
Borehole G4
Layer I:
(SM) From empirical equations Eoeq= 250*(N+15)=5750kPa
Ngpr=8 From laboratory test results Eoed=-
Selected values E.eq=6000kPa
CASTOR LTD SHEET A- 13
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Layer lla:

(GC), (CL), (8C)
Ngpr=40

Borehole G5

Layer I:
(SM), (CL)

Ngpr=7

Layer II:
(GC)
Nspr=26

Layer lla:
(GC), (CL), (SC)

Nspr=40

From empirical equations
From laboratory test results
Selected values

From empirical equations

From laboratory test results
Selected values

From empirical equations
From laboratory test results
Selected values

From empirical equations
From laboratory test results
Selected values

Eoes= 320*(N+15)=17600kPa
Eoes=21000
Eoes=18000kPa

Eoeq™ 250*(N+15)=5500kPa
Eoeq= 320*(N+15)=7040kPa
Eoedz'

Eoea=6000kPa

Eoes= 320%(N+15)=13120kPa
Eoed='
Ecea=12000kPa

Eoeq= 320%(N+15)=17600kPa
Eoed‘:'
Eceq=18000kPa

Borehole G6
Layer la:
(ML), (MH), (CL) From empirical equations Eoes= 300*(N+6)=1800kPa
Ngpr=0-1 From laboratory test results Eced=-
Selected values Eoeq=1000kPa
Laver lI:
(CL) From empirical equations Eoeq= 320*(N+15)=10880kPa
Ngpr=19 From laboratory test results Eoed=-
Selected values Eoeq=11000kPa
Layer lla:
(GC), (CL) From empirical equations Eoeq= 320*(N+15)=17600kPa
Ngpr=40 From laboratory test results Eoeq=11000kPa
Selected values E.eq=18000kPa
Borehole G7
Layer I:
(CL), (ML) From empirical equations Eoeq= 300*(N+6)=2400kPa
Ngpr=2 From laboratory test results Eoeq=3700kPa
Selected values Eoeqa=2500kPa
Layer IlI:
CASTORLTD SHEET A- 14
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(GC), (SM), (SC)
Ngpr=17

From empirical equations
From laboratory test results
Selected values

Eoeq= 320*(N+15)=10240kPa
Eoea=9000kPa
Eoes=10000kPa

Borehole G8
Layer I:
(SM), (ML) From empirical equations Eoea= 250*(N+15)=4750kPa
Ngpr=4 From laboratory test results Eoeq=2100kPa
Selected values Eoeq=3000kPa
Borehole G9
Layer |:
(SM) From empirical equations Eoeq= 250%(N+15)=5250kPa
Ngpr=6 From laboratory test results E.eq=4000kPa

Selected values

Eces=6000kPa

Borehole G10

Layer I:
(SM)
Nspr=6

From empirical equations
From laboratory test results
Selected values

Eoe= 250%(N+15)=5250kPa
Eoec=9500kPa
Foes=6000kPa

CASTOR LTD
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A2. DESIGN PARAMETERS FOR ROCK FORMATIONS

A2.1 General Relationships

a) Generalised Hoek & Brown criterion (2002)- GSI

Sheets A-17 to A-21

Summary of Selected Values

o Marl Layer Ill

c'=50kPa
¢'=28° to 34°
y=21kN/m?*
E,.=400 — 800 MPa

o Marly Limestone Layer IV -

c’=100kPa
@'=29° to 32°
y=22.5kN/m?
E.=1000 — 1500 MPa

CASTORLTD
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GENERALISED HOEK-BROWN CRITERION AND EQUIVALENT MOHR-COULOMB

MALTA - DELIMARA OFFSHORE

Formation: Marl Layerlill
Facts 0= 5 MPa Weathering degree= W3 GSI= 20
_ 3 - GSI=RMRgs-5 yia RMR>23 pe Ynedapikd Nepo=15
y= 0,0210 kN/m m;i= 6 xa Npocavavatohiopd Acuvegeiov=0
Depth 7 m JRC= 3 oan oo [ ANG1E OF 450
Discon=
D= 0,2 degree of disruption (due to surfacial weathering-excvation)
Resuits my= (0,251 s= 0,0001 a= 0,544
Ciensiem= -0,001 MPa o,= 0,147 MPa p= 2140,67 kg/m®
ag.= 0,028 MPa Oem= 0,259 MPa O/ Oem= 19,30
Generalised O'3max= 1,2500 MPa O3;= 0,25 ¢'= 0,098 MPa
(foundations) @'= 1562°
Slopes O'smax= 00,1114 MPa o= 0,022 c'= (0,020 MPa
@'=  31,66°
0,16 0,50
g <
= &
0,00 A A . 0,00 . . R R .
0,00 0,05 0,10 0,15 0,20 0,25 . 0,00 0,02 0,04 0,06 0,08 0,10 012
o, (MPa) g, (MPa)
Tunnels G'3max= 0,0715 MPa 63,= 0,014 c'= 0,015 MPa
@'= 35,04°
0,12 0,35
£ e
= s
0,04 p----mmoen e
0,02 forfhm e
0,00 L 4 0,00 L 4 2
0,00 0,05 0,10 0,15 0,00 0,02 0,04 0,06 0,08
o, (MPa) o, (MPa)
Modulus of Jacky's Formula Sheorey (1994)
compressibillity v= 0,32 v= 0,38
ko= 0,48 ko= 0,61 Enm= 357,87 MPa
G= 135 MPa G= 130 MPa
Eged= 516 MPa Epea™ 666 MPa
CASTORLTD
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Summary of Results

Project: MALTA - DELIMARA OFFSHORE
Formation: Marl Layerlil
Unconfined compressive strength 6;= 5,000  MPa
Strength of intact rock o= 0,028 MPa
Compressive strength o.,= 0,259 MPa
Unit weight y= 0,0210  MN/m?
Density p=  2140,67  kg/m®
Factor m;= 6
Degree of weathering= W3
GSI= 20
JRC= 3
Angle of discontin= 45°
Depth of computation= 7 m
Degree of disruption D= 0,2
Indexes and Moduli
Modulus of elasticity E,,= 358 MPa Recommended value Em=400-800kPa
Jacky's Formula Sheorey (1994)
Shear Modulus G= 135 MPa 130 MPa
Stress-strain modulus E . = 516 MPa 666 MPa
Poisson’s ratio v= 0,32 0,38
ko= 0,48 0,61

Mohr-Coulomb parameters

Foundations Slopes Tunnels Recommend S
Cohesion c'= 98 kPa 20 kPa 15 kPa ed value c :_505Pa
Angle of internal friction ¢'= 16° 32° 35° ¢’'=30

Mohr-Coulomb parameters for Discontinuities

Depth of computation

7,0m 3,0m O0m
Cohesion ¢'= 3 kPa 1 kPa 0,13 kPa
Angle of internal friction @'= 18° 19° 22°

CASTORLTD SHEET A. 18



Geological Strength Index

Project : Malta - Delimara Offshore

Rock Description : Marly Limestone

Layer IV
Geologist: Date : Geological Strength Index (GSI): 45-60
Chosen value 55
GEOLOGICAL STRENGTH INDEX FOR - i >
JOINTED ROCKS (Hoek and Marinos, 2000} € 2 S
From the fithology, strusture and surface 2 = é “é:
conditions of the discontinuities, estimate % & = =
the average value of GSI. Do not try to T 2 = 5
be too precise. Quoting a range frem 33 @ w k5 @, b4
o 37 is more resglistic than stating that 2 2 E g E 2
GSi = 35. Note that the iable does not & = g € £ T
anply_to structurally controlled faflures, 7 @ « w & &
Where wesak planar structural planes are 2 s B B= 8
present in an unfavourable orientation 5 = < o Z
with respect 1o the excavation face. these v = B & " > S
vill dominate the rock mass behaviour. 5 & 3 £ €& g
The shear strength of surfaces in rocks = £ & 2 =8 >
that are prone to deterioration as a resull 5 = g 2 58 &%
of changes in moisture content will be & 8 B 5 = =<
reduced if waler is present. When O Q= 5, g g= Eg=
working with rocks in the fair to very poor uosE = £ TS 53O
cafegories, @ shift 1o the dght may be & O 2 o ' ye TE£G
made for wet conditions. Water pressure  x % - 8 & x 3 o £ -% > £ %
is dealt with by effective stress analysis, 7 Z& @ 2 =& L= W
STRUCTURE DECREASING SURFACE QUALITY ==
-~ INTACT OR MASSIVE - intact ’ N P
S fock specimens or massive in NIA
situ rock with few widely spaced o -
discontinuities a
4 [-‘LJ -
BLOCKY - well interlocked un- <
disturbed rock mass consisting o A
of cubical blocks formed by three g :
intersecting discontinuity sets W
: < 2
WERY BLOCKY - intertocked, g

partially disturbed mass with é ; 7
multi-faceted angular blocks a
formed by 4 or mare joint sets & . i

. L

BLOCKY/DISTURBED/SEAMY &

- folded with angular blocks o
formed by many intersecling =z
discontinuity sets. Persistence w :
of bedding planes or schistosity é
e O
DASINTEGRATED - poorly intet- W
locked, heavily broken rock mass D : .
with mixture of angular and E
rounded rock pleces " ;
LAMINATED/SHEARED - Lack 10
of biockiness due to close spacing NiA NIA 3
of weak schistosity or shear planes !

CASTORLTD
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GENERALISED HOEK-BROWN CRITERION AND EQUIVALENT MOHR-COULOMB

MALTA - DELIMARA OFFSHORE

Formation: Marly Limestone Layer IV
westonie Layel
Facts 0= 10 MPa Weathering degree= W2 GSI= 50
_ 3 . GSI=RMRge-5 yia RMR>23 pe Ynedagikd Nepo=15
Y= 0’ 0240 kN/m m;= 8 xai NpooavavaToMopo Acuvexeimv=0
Depth 44 m RC= 3 conan oo | 0G1E OF 450
Discon=
D= 0,6 degree of disruption (due to surfacial weathering-excvation)
Results my= (0,624 s= 0,0010 a= 0,506
Otensiem= -0,015 MPa o6,= 1,056 MPa p= 244648 kg/m?
o= 0,298 MPa Om= 1,046 MPa O/ Ocm= 9,56
Generalised O'amax= 2,5000 MPa O3= 0,25 ¢ 0,349 MpPa
(foundations) Q' 22,66°
Slopes O'3max® 0,7597 MPa C63,= 0,076 c'= 0,167 MPa
'=  31,91°
1,20 3,50
1,00 3,00
2,50
0,80
_ 2,00
© &
£ o060 <
- 1,50
0,40
1,00
0,20 0.50
0,00 . 4 0,00 . L s
0,00 0,50 1,00 1,50 0,00 0,20 0,40 0,60 0,80
a, (MPa) o3 (MPa)
Tunnels C'amax= 0,4960 MPa G3,= 0,050 c= 0,129 MPa
@'=  3540°
0,90 2,50
.
U Armmonnnnns T
o~ 4{/"‘”
(0T R ——— /// -------------- L / oo
N S 4,,;7‘
/// T ) S —— G e
T 050 prommmmrmmmenees ; -------------------------------- ~ o
Py ~ o
€ om0 2 o e
4 1,00 p--momeee e
0,30 */ """"""""""""""""""""""""" /7
0,20 |oepbhmmmmmmmm e 2
/7 0,50 »” ----------------------------------------------------------
0,10 Jfrm e
0.00 . X N s R 0,00 : . R N .
000 020 040 060 080 100 120 0,00 0,10 0,20 0,30 0,40 0,50 0,60
g, (MPa) o, (MPa)
Modulus of Jacky's Formula Sheorey (1994)
compressibillity] v= 0,32 V= 0,38
ko= 0,47 ko= 0,62 En= 2213,59 MPa
G= 838 MPa G= 801 MPa
Epeq= 3172 MPa Epeq= 4190 MPa
CASTORLTD
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Summary of Results

Project: MALTA - DELIMARA OFFSHORE
Formation: Marly Limestone Layer |V
Unconfined compressive strength o= 10,000 MPa
Strength of intact rock o .= 0,298 MPa
Compressive strength o, = 1,046 MPa
Unit weight y=  0,0240  MN/m®
Density p=  2446,48  kg/m’
Factor m;= 8
Degree of weathering= w2
GSI= 50
JRC= 3
Angle of discontin= 45°
Depth of computation= 44 m
Degree of disruption D= 0,6
Indexes and Moduli
Modulus of elasticity E,,= 2214 MPa Recommended value E,=800-1500MPa
Jacky's Formula Sheorey (1994)
Shear Modulus G= 838 MPa 801 MPa
Stress-strain modulus E,eq= 3172 MPa 4150 MPa
Poisson's ratio v= 0,32 0,38
ko= 0,47 0,62
Mohr-Coulomb parameters
Foundations Slopes Tunnels -
Cohesion c'= 349 kPa 167 kPa 129 kPa  Recommended value c'=100kPa
Angle of internal friction @'= 23° 32° 35° @'=32°
Mohr-Coulomb parameters for Discontinuities
Depth of computation
44,0 m 17,8 m Om
Cohesion ¢'= 21 kPa 8 kPa 0,17 kPa
Angle of internal friction @'= 23° 24° 30°
SHEET A- 21
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b) Relationship between RQD and modulus reduction ratio
1.2 ’—~ C  Results from DWORSHAK DAM, Deere et al., 1887
& Hesults after Coon and Merritt, 1970
¢ ORANGE FISH TUNNEL - VERTICAL
. 10 - JACKING TESTS, Oliver, 1877
gl e 4 ORANGE FISH TUNNEL o)
£l 8 HORIZONTAL- CeCQ
wiw JACKING TESTS o
o ¢ DRAKENSBERG TESTS o ¢
T - ® CLAMDSBERG TESTS 2
= (O OTHER DATA, 1978
5 0.6 |-
D
B 3
&
o
“ 04 -
3
5 Fay
b -
2
< ez2f I
—_——— e ()T O
- O
..-"""‘?
0.0 ] i i : 1] ] H ] i i
0 20 40 50 80 130
Rock Quality Designation (RQDH%)
i A 3 1y he B : N
Fig. 3.12, Modulus Reduction Ratio as a
Function of RQD (From
Bieniawski, 1984)
Fig.1 Relationship between Rock Quality Designation and Modulus Reduction Ratio.
(Bieniawski, 1984).
SHEET A- 22
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A3.2 Selected Rock Parameters

a) Layer lll, Clay Marl

Borehole G1

RQD= 60% 0= 5MPa
¢’ = 50kPa y= 21kN/m’
o = 30° E.,= 400MPa
Borehole G2
RQD= 70% o= 5HMPa
¢’ = 50kPa y= 21kN/m?
¢ = 30° E.= 400MPa
Borehole G3
RQD= 90% 04 = 5MPa
¢’ = 50kPa y= 21kN/m®
¢ = 30° E.= 800MPa
Borehole G4
RQD= 70% oy = 6MPa
¢’ = 50kPa y= 21kN/m’
o = 32° En= 400MPa
Borehole G5
RQD= 80% 0y = 5MPa
¢’ = 50kPa y= 21kN/m®
o = 30° E,= 400MPa
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Layer lll, Clay Marl

Borehole G6

RQD= 70% 0= TMPa
¢’ = 50kPa Y= 21kN/m’
o = 33 E,= 400MPa
Borehole G7
RQD= 80% o= 8MPa
¢’'= 50kPa y= 21kN/m’®
@ = 34° En,= 400MPa
Borehole G8
RQD= 30% 04 = 4MPa
¢’ = 50kPa y= 21kN/m’
Q' = 28° E,= 400MPa
Borehole G9
RQD= 30% 04= 4MPa
¢’ = 50kPa y= 21kN/m’
@ = 28° E,= 400MPa
Borehole G10
RQD= 40% 0= 4MPa
¢’ = 50kPa Y& 21kN/m3
@ = 28° E,= 400MPa
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SHEET No.

b) Layer IV, Marly Limestone

Borehole G1
RQD= 60% o= 14MPa
c’= 100kPa y= 225kN/m®
o = 32° E.,= 1000MPa
Borehole G2
RQD= 70% o= 14MPa
¢ = 100kPa y= 22.5kN/m®
o = 32° E.= 1200MPa
Borehole G3
RQD= 60% 0s= 10MPa
¢’ = 100kPa y= 225kN/m®
@ = 29° E.= 1000MPa
Borehole G4
RQD= 70% o= 13MPa
c = 100kPa y= 22.5kN/m?
¢ = 31° E.= 1000MPa
Borehole G5
RQD= 60% o= 14MPa
c = 100kPa y= 22.5kN/m?
e = 31° E.= 1000MPa
Borehole G6
RQD= 85% o= 14MPa
c = 100kPa y= 22.5kN/m?
o = 31° E,= 1000MPa
CASTORLTD
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Layer IV, Marly Limestone

Borehole G7
RQD= 100% s = 14MPa
c’= 100kPa y= 22.5kN/m’
¢ = 32° E,= 1500MPa
Borehole G8
RQD= 75% 0.= 10MPa
¢ = 100kPa y= 22.5kN/m?®
@ = 29° E,= 1000MPa
.| Borehole G9
RQD= 90% 0s= 11MPa
c’'= 100kPa y= 22.5kN/m®
¢ = 30° E,= 1200MPa
Borehole G10
RQD= 85% .= 12MPa
¢’= 100kPa y= 225kN/m®
¢ = 30° En= 1200MPa
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BOREHOLE Gt1

0.0
a4
16.0m
Elevation
-16.0 Sea bottom - Soil surface
77\X 7 N\ 7 VZANY
Layer [a (GC) Eoed = 3000kPa ¢, = 15kPa =1im
-17.0 Py = 10° Y= 18kN/m*
Layer | (GC)
Nspr= 6
¢’ = 5kPa C, = 40kPa 5.5m
¢ = 30° ¢, = 10°
-22.5 y = 18kN/m® Ecea = 6000kPa
Layer Il (CL). (SC)
Nspr= 19
¢’ = 10kPa G, = 70kPa 18.5m
@ = 30° to 32° @y =5
Y = 19kN/m° Eoed = 11000kPa
-41.0
Layer lli CLAY MARL
RQD= 60% 0. = 5MPa
¢ = 50kPa y = 22kN/m* 3m
@ = 28° En = 400MPa
-44.0
Layer [V MARLY LIMESTONE
RQD= 60% O = 14MPa
¢’ = 100kPa y = 22.5kN/m®
¢ =30° Em= 1000MPa
kv = 1000000kN/m*
End of Borehole
Fig. A1 (no scale)
Legend
¢,= Undrained shear strength Oq = Uniaxial Compressive Strength
®u= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eoeqd = Oedometer modulus
¢’ = Effective internal friction angie RQD= Rock quality index

En= Rock deformation modulus
Ngpr = SPT , blow counts/30cm
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BOREHOLE G2

0.0
v
17.1m
Elevation
-17.1 Sea bottom - Soil surface 2
7NN ZN
Layer la (SM) Eqeq = 1000kPa ¢, = 15kPa =im
-18.0 9,=0° y = 17kN/m®
Layer | (SM)
Ngpr= 6
¢’ = 5kPa C, = 40kPa 3m
@ = 28° ¢, = 5°
y= 18kN/m* Eoed = 6000kPa
-21.0
Layer Il (SM), (MH)
Nspr= 19
¢’ = 5kPa Cy = 70kPa 8m
@ = 30°to 32° @y = 5°
Y= 19kN/m® Eoea = 10000kPa
-29.0 L
Layer lla (SM), (GC)
Ngpr= 40
¢’ = 5kPa ¢, ® 150kPa 10.7m
¢ = 37° Q= 5°
¥y = 19.5kN/m’ Eoea = 18000kPa
-39.7
Layer 1l CLAY MARL
¢’ = 50kPa O = 5MPa
o = 28° y = 22kN/m® 6.5m
RQD= 70% Em = 400MPa
-46.2
Layer IV MARLY LIMESTONE
¢’ = 100kPa E, = 1200MPa
¢ = 30° G = 14MPa
kv = 1000000kN/m® Y = 22.5kN/m®
RQD= 70%
End of Borehole
Fig. A2 (no scale)
Legend
¢,= Undrained shear strength 0 = Uniaxial Compressive Strength
¢~ Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eced = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

En= Rock deformation modulus
Ngpr = SPT, blow counts/30¢cm
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BOREHOLE G3

+0.0
A\V4 v
8.7m
Elevation
-8.5 Sea bottom - Soil surface -8.7
N N VZANY 77X
Laver [a (SM) Egeq = 1000kPa €, = 15kPa =1m
95 Py =0° Y= 17kN/m® 5
Layer | (SM)
Ngpr= 6
¢’ = 5kPa C, = 40kPa 9.0m
¢ =28° 9= 5°
Y = 18kN/m? Eceq = 6000kPa
-18.5
Layer lla (SM)
Ngpr= 30
¢’ = 5kPa Cy = 100kPa 2.5m
@' = 34° Py = 5°
-21.0 y= 19.5kN/m* Eoed = 11000kPa
Layer 1l CLAY MARL.
¢’ = 50kPa Oq = 5MPa 5.0m
¢ = 28° y = 22kN/m®
RQD= 90% En = 800MPa
-26.0 L
Layer [V MARLY LIMESTONE
¢’ = 100kPa Em= 1000MPa
¢ = 30° 0= 10MPa
kv = 1000000kN/m® Y = 22.5kN/m*
RQD= 60%
End of Borehole
Fig. A3 (no scale)
Legend
¢,= Undrained shear strength O = Uniaxial Compressive Strength
®= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eces = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

Em= Rock deformation modulus
Nspr = SPT , blow counts/30cm
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BOREHOLE G4

+0.0
V4 v
11.4m
Elevation
-11.4 Sea bottom - Soil surface
N ~ FANY
Layer la (SM) Eced = 1000kPa ¢, = 15kPa 0.6m
-12.0 u= 0" Y= 17kN/m®
Layer | (SM)
Ngpr= 8
¢’ = 5kPa ¢y = 50kPa 7.5m
¢ = 30° ¢y= 5
¥ = 18kN/m® Eced = 6000kPa
-19.5
Layer [l CLAY MARL
¢ = 50kPa 0. = 6MPa
@ = 28° Y= 22kN/m® 1.0m
RQD= 70% E, = 400MPa
-20.5
Layer [V MARLY LIMESTONE
¢’ = 100kPa Em = 1000MPa
¢ = 30° 0= 13MPa
kv = 1000000kN/m?* Y = 22.5kN/m®
RQD= 70%

End of Borehole
Fig. A4 (no scale)

Legend
¢,= Undrained shear strength

®u= Undrained friction angle
¢’ = Effective cohesion

@ = Effective internal friction angle

CASTORLTD

0. = Uniaxial Compressive Strength
Y = Wet unit weight
Eced = Oedometer modulus
RQD= Rock quality index
Em= Rock deformation modulus
Nspr = SPT, blow counts/30cm

A-32



BOREHOLE G5

+0.0
A
17.1m
Elevation
-17.1 Sea bottom - Soil surface P
7 7 7 N\ 7
Layer la (SM) Eqeq = 1000kPa c, = 15kPa =im
-18.0 Q= 0° Y= 17kN/m®
Layer 1 (SM), (CL)
Ngpr= 7
¢’ = 5kPa Cy = 40kPa 9m
¢ = 30° Py = 5°
y = 18kN/m* Eced = 6000kPa
-27.0
Layer 1l (GC)
Nger= 26
¢’ = 10kPa ¢, = 120kPa 4.0m
¢ =32 Q= 5°
Y= 19kN/m® Eoea = 12000kPa
-31.0 L
Layer lla (S8C), (CL), (GC)
Ngpr= 40
¢’ = 10kPa ¢y, = 150kPa 11.3m
@ =37° o= 5°
Y= 19.5kN/m® Eced = 18000kPa
-42.3
Layer [l CLAY MARL
¢’ = 50kPa g, = 5MPa
@ =28° y = 22kN/m® 3.2m
RQD= 80% En = 400MPa
-45.5 L
Layer IV MARLY LIMESTONE
¢’ = 100kPa En = 1000MPa
@ =30° 0s= 14MPa
kv = 1000000kN/m> Y = 22.5kN/m?
RQD= 60%
V"

End of Borehole
Fig. A5 (no scale)

Legend
¢,= Undrained shear strength

®,= Undrained friction angle
¢’ = Effective cohesion

¢’ = Effective internal friction angle

CASRORLTD

0. = Uniaxial Compressive Strength
Y = Wet unit weight
Eqeq = Oedometer modulus
RQD= Rock quality index
En= Rock deformation modulus
Nger = SPT, blow counts/30cm
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BOREHOLE G6

+0.0
v ¢
15.0m
Elevation
-15.0 Sea bottom - Soil surface %
Layer la (ML) Eoed = 1000kPa Cy = 15kPa =im
-16.0 @, = 0° Y = 17kN/m®
Layer la (ML), (MH), (CL)
Ngpr= 0-1
¢’ = O0kPa Cy = 10kPa 4.5m
@' = 22° 9= 0°
-20.5 y = 17kN/m® Eoeq = 1000kPa
Layer |l (CL)
Ngpr= 19 2m
¢’ = 10kPa ¢, = 100kPa
(p, = 320 (pu = 0°
22.5 y = 19kN/m’ Eoed = 11000kPa y
Layer lla (GC), (CL)
Ngpr= 40 12.3m
¢’ = 15kPa ¢, = 150kPa
@ =37° @, =5°
Y = 19.5kN/m* Ecea = 18000kPa
-34.8
Layer |ll CLAY MARL
¢’ = 50kPa 0= 7TMPa
¢ = 28° y = 22kN/im® 2.0m
RQD= 70% En = 400MPa
-36.8
Layer IV MARLY LIMESTONE
¢ = 100kPa Em = 1000MPa
¢ = 30° 0= 14MPa
kv = 1000000kN/m3 Y = 22.5kN/m®
RQD= 85%
L

End of Borehole
Fig. A6 (no scale)

Legend
¢,= Undrained shear strength

@y~ Undrained friction angle
¢’ = Effective cohesion

@" = Effective internal friction angle

CASTORLTD

0, = Uniaxial Compressive Strength
Y = Wet unit weight
E¢eq = Oedometer modulus
RQD= Rock quality index
En= Rock deformation modulus
Ngpr = SPT, blow counts/30cm
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BOREHOLE G7

+0.0
v
11.7m
Elevation
-11.7 Sea bottom -\Soil surface
Layer la (ML} Eceq = 1000kPa ¢y = 15kPa 0.8m
-12.5 9, = 0° y = 17kN/m® L
Layer | (ML), (CL)
Ngpr= 2
¢’ = 0kPa Cy = 20kPa 9.5m
o' =24° = 0°
y = 17kN/m° Eoea = 2500kPa
-22.0 %
Layer Il (GC), (SM), (SC)
Ngpr= 17
¢’ = 5kPa ¢, = 60kPa
¢ = 31° ¢, = 10° 11.5m
Y = 19kN/m® Eoea = 10000kPa
-33.5
Layer [l CLAY MARL
¢’ = 50kPa ;= 8MPa
9 = 28° y = 21kN/m® 1.0m
RQD= 80% E, = 400MPa
-34.5 L
Layer [V MARLY LIMESTONE
¢" = 100kPa En= 1500MPa
@ = 30° 0= 14MPa
kv = 1000000kN/m3 Y = 22.5kN/m°
RQD= 90%
¥
End of Borehole
Fig. A7 (no scale)
Legend
¢,= Undrained shear strength 0 = Uniaxial Compressive Strength
@~ Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eceq = Oedometer modulus
¢’ = Effective internal friction angle RQD= Rock quality index

CASRORLTD

E= Rock deformation modulus
Ngpr = SPT, blow counts/30cm
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BOREHOLE G8

+0.0
VA v
5.7m
Elevation
-6.5 Sea bottom - Soil surface
VLANN 77K 77 FZANY 77N
Layer la (SM) Eced = 1000kPa ¢, = 15kPa 0.8m
7.3 @, = 0° y = 17kN/m®
Layer | (SM), (ML)
Nsp1= 4
¢’ = OkPa C, = 20kPa 10.2m
¢ =28° ¢, = 5°
-17.5 y = 18kN/m’ Eces = 4000kPa
Layer Il CLAY MARL
o'ci = 4MPa
¢’ = 50kPa y = 22kN/m° 8.5m
@ =28° Em = 400MPa
RQD= 30%
-26.0 2
Layer IV MARLY LIMESTONE
¢ = 100kPa En = 1000MPa
¢ = 30° 0q = 10MPa
kv = 1000000kN/m?® Y = 22.5kN/m°®
RQD= 75%
End of Borehole
Fig. A8 (no scale)
Legend
¢,= Undrained shear strength 0. = Uniaxial Compressive Strength
®u= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eced = Oedometer modulus
¢ = Effective internal friction angle RQD= Rock quality index

Em= Rock deformation modulus
Nspr = SPT, blow counts/30cm
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BOREHOLE G9

+0.0
vV
5.0-5.3m
Elevation
-5.0 Sea bottom - Soil surface |,
FLZANS 77 XN 77X PN /AN
Layer la (SM) Eced = 1000kPa ¢, = 15kPa 0.7m
6.0 ®, = 0° y = 17kN/m*
Layer | (SM)
Nspr= 6
‘= 5kPa c, = 40kPa 8.0m
@ = 30° @, =5°
y = 18kN/m* Eceq = 6000kPa
-14.0
Layer Il CLAY MARL
RQD= 30% Oy = 4MPa
¢’ = 50kPa y = 22kN/m® 6.0m
¢ = 28° En = 400MPa
-20.0
Layer IV MARLY LIMESTONE
¢’ = 100kPa En = 1200MPa
(p' = 30° O = 11MPa
kv = 1000000kN/m* y = 22.5kN/m®
RQD= 90%

End of Borehole
Fig. A9 (no scale)
Legend

¢,= Undrained shear strength 0. = Uniaxial Compressive Strength

Y = Wet unit weight
Eoeq = Oedometer modulus
RQD= Rock quality index
E= Rock deformation modulus
Ngpr = SPT , blow counts/30cm

@~ Undrained friction angle
¢’ = Effective cohesion
" = Effective internal friction angle
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BOREHOLE G10

+0.0
A
3.0m
Elevation }
-3.0 Sea bottom - Soil surface
77 \| 77NN\ 77°\N
Layer la (GC) Eoeqa = 3000kPa ¢, = 15kPa 1.5m
4.5 @y = 10° Y = 17kN/m®
Layer | (SM)
Nspr= 6
¢’ = 5kPa C, = 40kPa 8.0m
¢ = 30° ¢, =5°
y = 18kN/m* Egeq = 6000kPa
125
Layer Il CLAY MARL i
RQD= 40% 0y = 4MPa
¢’ = 50kPa y = 22kN/m® 3.0m
@ = 28° E. = 400MPa
-15.5 L
Layer IV MARLY LIMESTONE
¢’ = 100kPa Em = 1200MPa
¢ = 30° 04 = 12MPa
kv = 1000000kN/m® y = 22 5kN/m?®
RQD= 85%

End of Borehole

Fig. A10 (no scale)

Legend
¢,= Undrained shear strength

®= Undrained friction angle
¢’ = Effective cohesion
¢ = Effective internal friction angle

CASTORLTD

Oq = Uniaxial Compressive Strength
Y = Wet unit weight
Eceqd = Oedometer modulus
RQD= Rock quality index
E..= Rock deformation modulus
Ngpr = SPT , blow counts/30cm
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APPENDIX B

PHOTOGRAPHS OF THE BARGE AND THE DRILLING RIG
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