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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 onshore Regasification Facilities of the LNG Regasification
Terminal at Delimara, Malta for the purpose of deriving geotechnical design parameters.
The results of the field investigations and laboratory tests are contained in the report No
"2779-77-CI-RE-00006- Geotechnical Investigation for Regasification Plant Area- Factual
Report” (25 Feb. 2015). This report will be referred to hereafter as Factual Report.

1.2 Work Performed

Field work was carried out between 28.10.2014 and 04.11.2014.

Planning and coordination of the field investigations and the laboratory testing was made by
Mr. Sp. Nikoloudakos, Senior Geologist of Castor Ltd. Mr Nikoloudakos supervised all the on

land boreholes and partly the laboratory tests.

Execution of the boreholes and the laboratory tests was done by Messrs Terracore Ltd, Malta.
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2. BACKGROUND INFORMATION

2.1 General

Detailed description of the facilities of the Regasification plant , general arrangement,
loadings and foundations will be given in the Design Reports and drawings.

2.2 Geotechnical Reports Related to the Project

The following reports contain geotechnical data at the area ofthe Delimara LNG
Regasification facilities:

a. "2779-77-CI-RE-00010- Excavation and Disposal for Regasification Plant-
Geotechnical Slope Stability Study Report" (19 Nov. 2014)

b. "2779-77-CI-RE-00001- Excavation and Disposal for Regasification Plant-
Geotechnical Investigation -Factual Report" (19 Nov. 2014)
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3. FIELD INVESTIGATIONS AND LABORATORY TESTS
3.1 Field Investigations

Four (4) boreholes, namely GL1 to GL4, were rotary drilled at the locations shown in figure
1.

Boreholes GL1, GL2 and GL4 were drilled from elevation +6.2m after removal of a previous
fill to create a graded level at the area of the Regasification Facilities (not shown in figure
1). Borehole GL3 was drilled at the top of the existing deposits at elevation +24.0m near
the recently excavated permanent slope.

All boreholes were drilled into the natural ground to the depths shown in the subsurface
profile of figure 2. Standard penetration tests were executed in general at 2m to 3m intervals
and undisturbed samples were obtained in Shelby tubes.

All samples were properly labeled and transferred to the testing laboratory in Malta.

The results of the field investigations and the laboratory tests on samples from the
boreholes are presented in the Factual Report ("2779-77-CI-RE-00001- Excavation and
Disposal for Regasification Plant-Geotechnical Investigation -Factual Report" (19 Nov.
2014).

3.2 Piezometers

One standpipe piezometer was installed in borehole GL1 in order to be able to monitor
fluctuations of ground water table (if any) with time. Piezometer tip was sealed with betonite
above sea level.

3.3 Laboratory Tests

Laboratory tests on samples from the boreholes were carried out in Malta in according to
the British Standards BS1377:1990. Tables 1 and 2 summarize the results of soil
classification tests, and unconsolidated undrained (UU) Triaxial strength tests respectively.
Both tables were compiled on the basis of relevant data presented in the Factual Report.

Soil descriptions are according to the Unified Soil Clarification System (USCS).
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The results of the UU triaxial test results on samples from the boreholes are presented in
table 2 for info only, as they were not used in this report for the evaluation of the
geotechnical investigations for the reasons given in the Note of table 2.

In addition to the above, the Geotechnical Consultant, Castor Ltd, requested the execution
of three UU triaxial tests on reconstituted specimens on materials from the deposits at 95%
of maximum modified Proctor density with compaction water content equal to the optimum
increased by 4 units. The results of these tests were never reported.
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4, PRESENTATION OF THE GEOTECHNICAL INVESTIGATION
DATA

4.1 General

The results of the geotechnical investigations are summarized in the subsurface profile of
figure 2. It can be seen that subsoil can be broadly differentiated in the deposits of
excavation materials (formations Da & Db), the upper soil formations (layers 1l and | la) and
the underlying very low and low strength marly rock formations (layers Ill and V).

The subsurface conditions at the flat area at elevation +6.2m for the Regasification
Facilities of the complex are presented in the following paragraph 4.2, while the subsurface
conditions near the excavated slope at the deposits are presented in paragraph 4.3.

Characteristics of the soil formations (deposits Da & Db plus layers I, 1l and | 1a) considered
as one entity are presented in paragraph 4.4. Strength characteristics of the underlying very

low and low strength marly rock formations (layers lll and 1V) are given in paragraphs 4.5
and 4.6 respectively.

Evaluation of the geotechnical data and selection of design parameters are given in chapter
5.

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 2.47 and 2.57 (see table
1). This observation was reported also in both previous geotechnical reports of paragraph
2.2. Similarly, the very low and low strength marly rock formations have low values of bulk
unit weight of the order of 2.13 Mg/m? (see table 5).

4.2 Area of the Regasification Facilities

Based on the results of boreholes GL1, GL2 and GL4 which were drilled from elevation
+6.2m, subsurface consists of the following formations:

Deposits Db Medium dense clayey gravel (GC) which extends from the graded
level at elevation +6.2m to depths of 6m to 7m.

Layer Il: Medium dense clayey gravel (GC) and sandy clay (SP-SC) with thickness 3m to
4m. This layer was encountered only in borehole GL1
« Layer lla: Dense clayey gravel (GC) and silty sand (SM) with thickness 2m to 3m in
boreholes GL2 and GL4.
e Layer Il : Very low strength clay marl of light brown to light grey colour with thickness
of 0.5m to 2m. This layer was encountered in all boreholes.
Layer IV: Low strength limestone of grey colour which was encountered in boreholes
GL1, GL2 and GL4 at elevations -2.0m to -5.0m, underlying all previous layers.

Layers I, lla, Ill and IV are similar to those presented in the two geotechnical reports listed in
paragraph 2.2.

Ground Water Table : Water level in the surface piezometers of borehole GL1 dropped within
one month after completion of the borehole, from 2.4m to 4.6m from ground at elevation of
+6.2m. It is believed that this is entrapped water from the borehole drilling fluid and that ground
water table will eventually reach the sea level at elevation 0.0.

7
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4.3 Excavated Permanent Slope (Borehole GL3)
Subsurface Conditions

Based on the results of borehole GL3 which was drilled at the top of the slope,
subsurface conditions consist of the following formations:

Deposits Da  Loose to medium dense clayey sandy gravel (GC) and gravelly sandy
clay (CL), with thickness of the order of 28m.

* Layerl Very loose to loose silty sand (SM) underlying formation Da with
thickness of the order of 9m.
« Layerlll Very low strength clay marl of light brown to grey colour with thickness
of about 8m.
Layer IV Low strength marly limestone of grey colour with thickness of about 6m.
Layers I, Ill and IV are similar to those presented in the two geotechnical reports listed in

paragraph 2.2.

4.4 Characteristics of the Soil Formations (DepositsDa &
Db, Layers I, Il and Ila)

a. Classification Properties

Classification properties of the above soil formations are given in figure 3. Original data are
given in table 1.

Water contents vary between 15 and 40 percent and dry unit weights between a minimum of
1.30 Mg/m?® and a maximum of 1.88 Mg/m°®. Water contents are higher than plastic limits
(figure 3c).

b. Organics Content

Loss on ignition on one sample from borehole GL2 yielded a value of 7.1 percent (table 4).
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c. Compaction Characteristics

One modified Proctor compaction test was performed according to BS1377-4 : 1990 on a
composite sample of excavation materials which was taken in the area of boreholes GL1,
GL3 and GLA4. It yielded the following results:

«  Maximum dry unit weight: ~ Ydma = 1.81 Mg/m®
Optimum water content: Wopi=13%

Original data are given in the Factual Report.

d. Compressibility

Two one-dimensional consolidation tests were carried out on Shelby tube samples of the
Deposits Db and of layer | in boreholes GL1 and GL3 respectively.

Figure 4 shows the results of these tests plotted in terms of oedometer modulus E..d versus
vertical pressure (Eced™1/Mv). Analytical data are given in Factual Report and summarized in
table 3. Oedometer modulus values are low at vertical pressures equal to the overburden
plus 200kPa, E..d was found to be equal to 4750kPa for the deposits Db and equal to
6100kPa for layer I.

In addition to these, one oedometer test was performed on a reconstituted specimen of
deposited materials with the following compaction characteristics:

Dry unit weight: 95% Y0max = 95% 1.81 Mg/m® = 1.72Mg/m?
Compaction water content:  Wqy + 4% = 13% + 4% =17%

The results of this test are given in figure 4 plotted in terms of oedometer modulus E,.d
versus vertical pressure. Analytical data are given in the Factual Report and summarized in
Table 3. Oedometer modulus values are low: at vertical pressure equal to 300kPa the
oedometer modulus E..d was found to be equal to 5200kPa.

b5 Characteristics of the Clay Marl (Layer 111)

Layer Il consists of very low strength clay marl. As mentioned in paragraphs 4.2 and 4.3,
this layer was encountered in boreholes GL1, GL2 and GL4 with thickness of 0.5m to 2m,
and in borehole GL3 with thickness of about 8m.

Strength and compressibility characteristics from one sample are given in table 5. Similar
data were also obtained from the geotechnical reports of the offshore investigations and the
investigations at the deposits (see paragraph 2.2) and are included in figures 7 and 8.

4.6 Characteristics of the Underlying Marly Limestone
Formation (Layer V)

Layer IV consists of low strength marly limestone of grey colour. Statistical presentations of
strength, bulk unit weight and Young's modulus are given in figures 5 and 6. Original data
are given in the Factual Report and summarized in table 5.

Uniaxial compressive strengths vary between a minimum of 8.2 MPa and a maximum of
14.6MPa. Youngs modulus values vary between a minimum of about 1400kPa and a
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maximum of about 9100kPa. The majority of the reported Poisson ratio values are high and
therefore not realistic.

Point load strength Iss, axial varies between 1.9MPa and 2.8MPa, and Iss oblique between
0.8MPaand 1.3MPa.

Bulk unit weight is low varying between a minimum of 2.10 Mg/m® and a maximum of
2.23Mg/m?®.

4.7 Seismicity

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

e Deposits Da: Ground type D
Deposits Db:  Ground type D

e Layerll Ground type C
Layer | la: Ground type C
* Layerlll: Ground type A
Layer IV: Ground type A

10
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5. EVALUATION AND SELECTION OF GEOTECHNICAL
DESIGN PARAM ETERS

5.1 Evaluation ofthe 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-9 present
the evaluation of strength and compressibility parameters of the upper soil
formations, while sheets A-10 to A-18 present the evaluation of strength and
compressibility parameters of the underlying marly rock formations.

Cautious estimates of design parameters for each borehole are given in figures 7 and 8.

Selection of geotechnical design parameters for the Regasification Facilities will be
based on these data when the loads and the layout of these installations will be
finalized, depending on the method(s) of foundation which will be decided to be applied.

11
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Number of results

Average: 5207MPa
Standard Dev: 2111.24
Minimum: 1440MPa
Maximum: 9130MPa
Number of Tests: 12

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Young's Modulus Em (MPa)

Layer IV: Soft marly limestone of grey colour

LAYER IV

YOUNG'S MODULUS Em
STATISTICAL PRESENTATION
FIG 6



BOREHOLES GL1, GL2, GL4

(At Graded Level)
Elevation
+6.20 Sail surfalce
Existing Deposits Db (GC), (CL) Clayey-Sandy Gravel, Ciay - Medium Dense
Ngpr= 25
¢’ = 10kPa ¢, = 70kPa
@ =32° ¢, =5° 8.0m to 7.5m
Y = 19.5kN/m* Eoea = 10000kPa ‘
+0.2t0-1.3
Layer Il (GC) Clayey Gravel Only in GL1 (-1.3 to -4.6) - Laver lia (GC) Clayey Gravel - Dense
Medium Dense Nspr= 40
Ngpr= 20 ¢ = 10kPa G, = 150kPa
¢’ = 10kPa ¢, = 70kPa ¢ = 37° @, = 5° 0.5m to 2.2m
@ =32° @, = 10° Y = 19.5kN/m°® Eoes = 18000kPa
Y = 19.0kN/m* Eoes = 12000kPa
-0.8t0-5.0
Layer Il CLAY MARL
RQD= 50% Oq = 5MPa 0.510 2.2m
¢’ = 50kPa y = 22kN/m®
Q' =28° En = 400MPa
-2.8t0-5.1
Layer IV MARLY LIMESTONE
RQD= 80% Oq = 12MPa 11.0m to 13.8m
¢’ = 100kPa y = 22.5kN/m°
¢ = 30° Em = 1200MPa

End of Borehole
Fig. A1 (no scale)

Legend
¢,= Undrained shear strength
®u= Undrained friction angle
¢’ = Effective cohesion
¢’ = Effective internal friction angle

CASTOR LTD

0. = Uniaxial Compressive Strength

Y = Wet unit weight
E,eq = Oedometer modulus
RQD= Rock quality index

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

BOREHOLES GL1, GL2, GL4
DESIGN PARAMETERS
FIG7



BOREHOLE GL3
{Top of Deposits)

Elevation
+24.0 Soil surface .
Existing Deposits Da (GC), (CL) Clayey-Sandy Gravel, Clay - Loose
Nspr= 8
¢"=5t0 10 kPa ¢, = 60kPa
@ = 30°to 32° Q.= 5° 27.9m
Y = 18.5kN/m° Eoes = 7000kPa
-3.9
Layer | (SM) , Silty Sand - Loose
Nspr= 6
¢’ = 5kPa C, = 40kPa
@ = 30° ¢, =5° 9.2m
Y = 18.5kN/m® Eces = 6000kPa
-13.1
Layer lll CLAY MARL
RQD= 50% Oq = 5MPa
¢’ = 50kPa y = 22kN/m° 7.9m
¢ =28° Em = 400MPa
-21.0
Layer [V MARLY LIMESTONE
RQD= 60% 0. = 12MPa 6.0m
¢’ = 100kPa Y = 22.5kN/m®
g =30° En = 1000MPa
-27.0
End of Borehole
Fig. A2 (no scale)
Legend
¢,= Undrained shear strength 04 = Uniaxial Compressive Strength
®u= Undrained friction angle Y = Wet unit weight
¢’ = Effective cohesion Eces = Oedometer modulus

¢ = Effective internal friction angle RQD= Rock quality index
' Em= Rock deformation modulus

Ngpr = SPT, blow counts/30cm

BOREHOLES GL3
DESIGN PARAMETERS
FIG 8

CASTORLTD



APPENDIX A

EVALUATION AND SELECTION OF GEOTECHNICAL DESIGN PARAMETERS

A1. Design Parameters for Soil Formations Sheets A-1to A-9
A2. Design Parameters for Rock Formations Sheets A-10 to A-18

A3. References Sheet A-19
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A1. DESIGN PARAMETERS FOR SOIL FORMATIONS

A1.1 Effective Strength Parameters ¢’ & ¢’

a) General Relationships

Tahie 22. Correiations of infernal friction angle and 8F7T N-vaiuss {daia from Hatanak
and Uchida {1298) and Brome and Flodin {19821

Sall Type § idegress) Rafarance
Angular and wel-arained | ¢ = (12N + 258 Dunham (19854) 1)
sofl particles {Ses Noie)

Round and wall-grained
ar angutar and uniform-
grained sall particles

Dunham (1954) &2}

Round and uniform- i = ﬁm‘f f415 Dusham (10643 {#2) Equation 1
grained saoil particles {3es Naote)
Sandy b= {Z0NY T+ 15 Onsakietal, {19503
{Bee Nola)
Granular b= 20+ 35000 Muramachi et al.
{Ses Nota) {1874)
Sandy b= (BENYT + 15245 W= | Japan Road
2y Association (18040}
{Ses Noie)
Sandy = {200 + 20 Fatanaka and

Lichida {1596}
Ny = K-valus normalized to 1
st of overburden pressure
using the Lisc and Y¥hitman
{1988 equation. Kisthe
recommendation of this report

10 use Ny g with this
correlation..

Note: As originally proposaed, these correlations used the uncarrecied 3PT blowcount,
M. Howeaver, hamimers delivering 80% of the theorstical enargy have besn the most
cammanly used hammers for 8PT iesie, and it seems likaly that the dals on which these
correlations were based was obtained primarily Fom fests with such hammers. [tthergfors
seems logical to use Mep with these comelafions, and it is the recommendation of this
report that this be done.

(McGregor and Duncan, 1998)

CASTOR LTD
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Table A1
Representative values for angle of internal friction ¢
Type of test*
Unconsolidated- Consolidated- Consolidated-
undrained, undrained, drained,
Seil u CU CD
Gravel
Medium size 40-35° 40-35°
Sandy 355500 © 35-30°
Sand
Loose dry 28-34°
Loose samrated 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 samrated 3-20° 20-42°
*See 2 laboratory manual on soil testing for a complete description of these teats, &.g., Bowles
(1992).
Notes:

1. Use larger values as v increases,

2. Use larger values for more angular particies.

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

Figure 2-35  Corelation berween o' 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 T T T T 7 i T 1

Fig. 2

&
]
I

0 036 % 30 30 s 30 8 90 100
I, percent

(Bowles, 1996)
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Table A2
TABLE 3.5
COMMON PROPERTIES OF CO{IESIONLESS SOI1LS*
Y
. dry.t Void ratin Strengthi
Mauterisl Compactneas Dy, % N* g/’ e ¢
GW:well-graded Dense 75 90 2.21 0.22 10
gravels, yravel- Medium dense 50 55 2.08 0.28 6
sand mlixtures Loose 25 <28 1.97 0.36 32
GP: poorly graded Dense 75 70 2.04 0.33 38
gravels, gravel- Medium dense 50 50 1.92 039 KH)
sand mixtures Loase 25 <20 1.83 047 32
SW: wall-graded sunds, Dense 75 65 1.84 01.41 37
gravelly sonds Mudium dense 5t 45 1.79 044 34
: Loose 25 <15 1.70 .57 30
SP: poorly graded Denge 75 50 1.76 0.52 36
sands, gravelly Medium dense 50 30 1.67 6.60 a3
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 32
Loose 25 <t 1.49 .80 29
ML: inarganic silts, very Dense 75 35 1.49 0.80 13
fine wands Madium dense 50 20 1.41 thuy 31
Loose 25 <q 1.35 1.0 27

*N Is blows per fool of penetralion In the SPT. Adjusimonts lor grodulion ere afler Burmistar {1062).% Soo Table 64 for

geners! relationships of Dy va. N,
{Densily given is for G, = 2.68 {quariz grains).

fEriction angls ¢ depends on mineral typa, normal stress, aud graln ungulurity us woll ne My and gradation (soa Fiy. 3.24)

**From Hunt {1984).' Reprinted with pormisgion of McGrow-Hill Bouk Cumpany.

(Hunt, 1983)

Very loose
//Loose (Very dense
0 | Medium Dense |
10
™
20 <]
30

5
//

Standard penetration
test (blows/ft)

50 \\
60 ¢ ™\
70
2 ! I
28 32 36 a0 a4
o (degrees)

Fig. 11.14 Correiation between [riction angle and penetra-
tion resistance (From Peck. Hanson, and Thornburn, 1953).

Fig. A1

CASTORLTD
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b) Selection of Soil Design Parameters ¢’ & ¢’

Borehole GL3

Layer Da:
(GC), (CL)

Nspr=8

Layer I:
(SM)

Ngpr=6

From empirical equations

From laboratory test results
Selected values

From empirical equations

From laboratory test results
Selected values

@'=(12N)**+20=30°

¢’=5 to 10kPa, ¢’ = 30°

C’:-, (p’ =.

¢'=5 to 10kPa, ¢’ = 30° to 32°

@'=(12N)%>+20=29°
©'=28° to 34°
c'=5kPa, ¢’ = 30°
C’=-, (p’ - -
c’=5kPa, ¢’ = 30°

Borehole GL1, GL2, GL4

Layer Db:
(GC), (CL) From empirical equations @'=(12N)%%+20=35°
c'=10kPa, ¢’ = 35°
Nspr=25 From laboratory test results c'=-, @’ = -
Selected values ¢'=10kPa, ¢’ = 32°
Layer 1l
(GC) From empirical equations ~ @’=(15N)**+15=32°
c'=10kPa, ¢’ = 32°
Nspr=20 From laboratory test results ¢'=-, ¢’ =-°
Selected values ¢'=10kPa, ¢’ = 32°
Layer lla:
(GC), (SM) From empirical equations ~ ¢’=(12N)%*+15=37°
c'=10kPa, ¢’ = 37°
Nspr=40 From laboratory test results  ¢'=-, ¢’ =-°
Selected values c'=10kPa, ¢’ = 37°
CASTORLTD
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A1.2 Undrained Shear Strength c,
a) General Relationships
30 - - o
PENETRATION RESISTANCE VS {SOWSR& I
UNCONFINED STRENGTH OF CLAY | -GAYS O LOW PLASTIGTY AND

z,, - CLAYSOFMEDIUMARLASTITY A~ "]

Uj s CLAYS OF HiGH ?L#‘SW -

¢ ’1 -

<y f/ / ’,ﬁ)"d

£ 20 -

K ’

v ’ v ’.-"'

u I,r’rszmm AND PECK -

= & I ‘f’ - 'l e

Q 1% ?, ’,v" "

!'&P (4 f""’ "#"

}{E 4 - ..i-""

ul 10 'e’ PP A e

? Il /:'" - -

af ’/’ ‘,’Jf ##*ﬂ.‘nu

% 5 yan / = -

< 4 e el

Q rd ‘v' ’w"’

- fl "’ ",nﬁ

2 |t

G 0.5 v 1.0 1.5 2.0 2.5 3L 15 10
UNCONFINED COMPRESSIVE STRENGTH Gy ,TSF

HIGURE 4

Correlations of Standard Penstration Resistance

Fig.1 Relationship between blow count N and unconfined compressive strength q, cohesive

soils. (NAVFAC DM 7.1, 1982) - ¢, = q./2

1 TSF =107.3kPa
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b) Selection of Soil Design Parameters - ¢,

Borehole GL3

Layer Da:

(GC), (CL) From chart NAVFAC cy =60kPa

Nspr=8 From laboratory test results ¢y =46kPa, 122kPa (not considered)
Selected values ¢y =60kPa, @, = 5°

Layer I:

(SM) From chart NAVFAC cy = 40kPa

Nspr=6 From laboratory test results ¢y = 85kPa(not considered)
Selected values Cu = 40kPa, @, = 5°

Borehole GL1, GL2, GL4

Layer Db:

(GC) From chart NAVFAC ¢y = 70kPa

Ngpr=25 From laboratory test results c, =64kPa, 20kPa, 54kPa(not

considered)

Selected values ¢y = 70kPa, @, = 5°

Layer Il:

(GC) From chart NAVFAC ¢, = 75kPa

Nspr=20 From laboratory test results ¢y = 20kPa (not considered)
Selected values , cy = 70kPa, @, = 10°

Layer lla:

(GC) ' From chart NAVFAC c, = 150kPa

Nspr=40 From laboratory test results ¢, = 93kPa, 364kPa(not considered)
Selected values cu = 150kPa, ¢, = 5°

CASTORLTD
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A1.3 Oedometer Modulus E .4

a) General Relationships

CASTORLTD

TABLE 5-6

Table 4

Equations for stress-strain meduius 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 Nes and not Nqg. Refer also to Tables 2-7 and 2-8.

ISoil SPT CcPrT
Sand (.normally E, = 500(¥ +15) E, = (2 to 4)q.
consolidated) = 7000 /N = 8000./3
= G000ON ——=
—— v E, = 1.2(3D%* +2)q.
1E; = (15000 to 22000) - ln N *E, = (1 +DHq.
Sand (samrawed) E, = 250(N + 15) E =Fag.
e=10 F=35
e=06 F=10
Sands, all (norm. 1E, = (2600 1o 2900)N
consol.) )
Sand (overconsolidated) tE, = 40000 + 1050N E, = (6 @ 30)g,
Euocmy = Eume VOCR
Gravelly sand E, = 1200(N + 6)
= G0N + 6) N=<15
= 600N + 6) + 2000 N>15
Clayey sand E, = 320N + 15) E, = (3 © 6)g.
Siits, sandy silt, or E, = 300(N + 6) E, = (1w 2)g.
clayey silt
g, <2500 kPa use *E; = 2.5¢. (Bowles, 1996)
2500 < g, < 5000 use E; = 4q, + 5000
where
s . E(1 — w) 1
E; = copstrained modulus = ml—ff—m =
Soft clay or clayey silt E, = (3t 8)g.
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b) Selection of Soil Design Parameters - Eyeq

Borehole GL3

Layer Da:
(GC), (CL)
Ngpr=8

Layer I:
(SM)
Ngpr=6

From empirical equations
From laboratory test results
Selected values

From empirical equations
From laboratory test results
Selected values

Eoeq= 320*(N+15)=7360kPa
Eoed="
Eoeq=7000kPa

Eceq= 250%(N+15)=5250kPa
Eoes=6000kPa

Borehole GL1, GL.2, GL4

Layer Db:
(GC) From empirical equations Eoed= 320%(N+15)=11200kPa
Ngpr=25 From laboratory test results  E,.=4750kPa
Selected values E.eq=10000kPa
Layer lI:
(GC) From empirical equations Eoeq= 320%(N+15)=11200kPa
Ngpr=20 From laboratory test results  Eqeq=-
Selected values E.eq=12000kPa
Layer lla:
(GO) From empirical equations Eceq= 320%(N+15)=17600kPa
Ngpr=40 From laboratory test results  Eqeq=-
Selected values Eceq=18000kPa
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-11 to A-15

Summary of Selected Values

° Clay Marl Layer Il

¢'=50kPa
(P1=280
y=22kN/m?*
E.,.=400MPa

° Marly Limestone Layer IV

c’=100kPa
(p!=300
y=22.5kN/m?
E.=1200 MPa

CASTOR LTD
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GENERALISED HOEK-BROWN CRITERION AND EQUIVALENT MOHR-COULOMB

MALTA - DELIMARA OFFSHORE

Formation:

Marl Layerllf ___
Facts Ou= 5 MPa Weathering degree= W3 GSI= 20
_ 3 _ GSI=RMRge-5 yio RMR>23 pe Ynedopikd Nepo=15
y= 00210 kN/m m;= 6 xat Mpooovavatohiops Acuvexeimv=0
Depth 7 m JRC= 3 consnroase | PG1E OF 450
Discon=
D= 0,2 degree of disruption (due to surfacial weathering-excvation)
Results mg= 0,251 s= 0,0001 a= 0,544
Grensiem= 0,001 MPa a,= 0,147 MPa p=  2140,67 kg/m’
o= 0,028 MPa Oen= 0,259 MPa i/ Ocm= 19,30
Generalised O'amax= 1,2500 MPa Ga= 0,25 c'= 0,098 MPa
(foundations) @'=  1562°
Slopes O'3max= 0,1114 MPa Oz= 0,022 ¢'= 0,020 MpPa
@'=  31,66°
0,16 0.50
3 e
0,12 frmmmmmmmmsme e e
T T
o .
008 b K
D08 frmremsvmmmmay i morr s
0,04 [ rmemgom e
B
0,00 . 4 0,00 . 4 .
0,00 0,05 0,10 0,15 0,20 0,25 . 0,00 0,02 004 006 0,08 0,10 0,12
o, (MPa) @y (MPa)
Tunnels O'amax= 0,0715 MPa O3= 0,014 c¢'= 0,015 MPa
@'=_ 35,04°
0,12 0,35
0,10 ....._....._.”,..____,..,_.__.._..___,__,__/_f‘,z/:ft _____ 0.30
/,/
/ 0,25
0,08 f-vomsenmmrmnn s e
P
= s o 020
T =
- L7 0,15
S
0,04 p--mmeoeee e
/ 0,10
Y
T B 0.05
7
0,00 L L 0,00 4 4 s
0,00 0,05 0,10 0,15 0,00 0,02 0,04 0,06 0,08
o, (MPa) oy (MPa)
Modulus of Jacky's Formula Sheorey (1994)
compressibillity] v= 0,32 v= 0,38
ko= 0,48 ko= 0,61 En= 357,87 MPa
G= 135 MPa G= 130 MPa ‘
Eoed= 516 MPa Eped= 666 MPa
CASTOR LTD
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Summary of Results

Project: MALTA - DELIMARA OFFSHORE
Formation: Marl Layer |l
Unconfined compressive strength o4= ~?,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=400kPa
Jacky's Formula Sheorey (1994) '
Shear Modulus G= 135 MPa 130 MPa
Stress-strain modulus Eg4= 516 MPa 666 MPa
Poisson's ratio v= 0,32 0,38
ko= 0,48 0,61
Mohr-Coulomb parameters
Foundations Slopes Tunnels Recommend ,
Cohesionc'= 98 kPa 20 kPa 15 kPa edvalue ¢'=50p,
Angle of internal friction @'= 16° 32° 35° ©’'=28°
Mohr-Coulomb parameters for Discontinuities
Depth of computation
7,0m 30m Om
Cohesion ¢'= 3 kPa 1 kPa 0,13 kPa
Angle of internal friction @'= 18° 19¢ 22°
CASTORLTD SHEET A- 12



Geological Strength Index

Project : Malta - Delimara Offshore Rock Description : Marly Limestone
Layer IV
Geologist: Date : Geological Strength Index (GSI): 45-60
Chosen value 55

GEDOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000}
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GS1. Do not try to
be too precise. Quoting a range from 33

. ¥z

8 Q. &

o = o

& = 8 2

ol = o 2

R @ = £

s T E 3

. @ , 2 8 » &

10 37 is more reglistic than stating that 2 2 = %-‘g S

381 = 35. Note that the table does not = = 2 = T

apphy_ to structurally controlled failures, 3 = « o & @

Where wesak planar siructural planes are 3 s 3 8= B

present in an unfavourable orientation 5 = 2 o= =

with respect 1o the excavation face. these = 8 & R =

will dominate the rock mass behaviour. 5§ e @ 2 g & g

The shear strength of surfaces in rocks = = & > =5 >
that are prone to deterioration as a resuft % = g {3 52 5%
of changes in moisture content will be 5 8 = & k& =L
reduced if water is present.  When O 8 = =4 b gE % gE
working with rocks in the {air o very poor S5 = S 2° ome
categories, a shift 10 the dght may be =X O 2 o = 25 EZ5
. . = - B o R = X geE »>S&
made for wet conditions, Water pressure o = 8 =2 r 3 QEE EZ
i wit : e S hesis 05 o == O = = 8
is dealt with by effective stress anabhysis, a ;53 S B8 =& 58 ¥5%82

STRUCTURE DECREASING SURFACE QUALITY ===
— . ‘/,/ s L o K .
et INTACT OR MASSIVE - intact )
! rock specimens or massive i NAA . NFA

sity rock with few widely spaced
discontinuities

BLOCKY - well irteriocked un-
disturbed rock mass consisting
of cublical blocks formed by three
intersecting discontinuity seis

VERY BLOCKY- interlocked.
panially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sels

BLOCKYDISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence

of hedding planes or schistosity _.‘30

DISINTEGRATED - poorly intet-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

: DECREASING INTERLOCKING OF ROCK PIECES

20

e

LAMINATED/SHEARED - Lack I [+
of blockiness due to close spacing CONA L NIA
of weak schistosity or shear planes ' f

Do,

SHEET A- 13
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GENERALISED HOEK-BROWN CRITERION AND EQUIVALENT MOHR-COULOMB

MALTA - DELTMARA OFFSHORE

Formation: Marly Limestone Layer IV
e2litle Layel L
Facts og= 10 MPa Weathering degree= W2 GSI= 50
GSI=RMRge-5 vio RMR>23 pe Ynedawpikd Nepd=15
= 3 =
y= 00240 kN/m m= 8 xat NpocavavaToAioud AsuveXEIbV=0
Depth 44 m JRC= 3 torariose | ANG1E OF 45°
Discon=
D= 0,6 degree of disruption (due to surfacial weathering-excvation)
Results my= 0,624 s= 00,0010 a= 0,506
Otensiem= 0,015 MPa o,= 1,056 Mpa p=  2446,48 kg/m®
o= 0,298 MPa Om= 1,046 MPa O/ O™ 9,56
Generalised Clamax= 2,5000 MPa O3 = 0,25 c'= 0,348 MPa
(foundations) @p'=  22,66°
Siopes O'3max™ 0,7597 MPa O3= 0,076 c¢'= (0,167 MPa
‘= 31,91°
1,20 3,50
1,00
0.80
S 060 g
0,40
0,20
0,00 . 4 0,00 "
0,00 0,50 1,00 1,50 0.00 0,20 0,40 0,60 0,80
o, (MPa) o5 (MPa)
Tunnels O'amax=  0,4960 MPa Gay= 0,050 c 0,129 MPa
p'=  3540°
0,90 2,50
0,80 e
' A
200 b A e
0,70 |
//
0,60 -
T T R
= 050 . P
g £ 7
= 0.40 e Vi
1,00 porereeees ;/,;Z» --------------------------------------------
0,30 2
0,20 0.50 .({i ......................................................
0,10 ’
0.00 L N : ; . 0.00 . A . .
000 020 040 060 08 100 1,20 0.00 0.10 0,20 0,30 0,40 0,50 0,60
o, (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
Eped= 3172 MPa Eped= 4190 MPa

CASTORLTD
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Summary of Results

Project: MALTA - DELIMARA OFFSHORE
Formation: Marly Limestone Layer IV
Unconfined compressive strength o4= 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= 244648  kg/m’
Factor m;= 8
Degree of weathering= w2
GSI= S0
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
Jacky's Formula Sheorey (1994) Em =1200.
Shear Modulus G= 838 MPa 801 MPa
Stress-strain modulus E .4= 3172 MPa 4190 MPa
Poisson's ratio v= 0,32 0,38
ko= 0,47 0,62

Mohr-Coulomb parameters

Foundations Slopes Tunnels -

Cohesion ¢'= 349 kPa 167 kPa 129 kPa Recommended value ¢’=100kPa

Angle of internal friction @'= 23° 32° 35° @’'=30°
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- 15
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b) Relationship between RQD and modulus reduction ratio

Results from DWORSHAK DAM, Desre et al, 1867

12 F o]
& Results after Coon and Merriit, 1970
¢ ORANGE FISH TUNNEL-VERTICAL
R o JACKING TESTS, Ofiver, 1977
gl e A ORANGE FISH TUNNEL O
g| 8 HORIZONTAL- A IS
i {w JACKING TESTS o~
o ¢ DRAKENSBERG TESTS ° N
= - ® ELANDSBERG TESTS 2
@ , () OTHER DATA, 1978
g 06 |-
2 *
3 - A
&
o
- 0.4 b _
2
= e “
w o
O
=
0.2 o
e e e 7 e e O
o ___.,._.;.:ﬂ_ ——;O" > o
—r © o
—
0.0 ] i t ! 3 i i i 5 i
20 40 G0 80 130

Rock Quality Dasignation (RQDH%)

Fig. 3.12, Modulus Reduction Ratic as a
Function of RQD (From
Bieniawski, 1984}

Fig.1 Relationship between Rock Quality Designation and Modulus Reduction Ratio.
(Bieniawski, 1984).

CASTOR LTD
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A3.2 Selected Rock Parameters

a) Layer lll, Clay Marl

Boreholes
GL3,GL2
RQD= 50% 0= bBMPa
¢’ = 50kPa y= 22kN/m?
¢ = 28° E.,= 400MPa
b) Layer IV, Marly Limestone
Borehole GL3
RQD= 60% gs= 12MPa
¢’ = 100kPa y= 22.5kN/m°
o = 30° En,= 1000MPa
Boreholes
GL1,GL2, L4
RQD= 80% 04 = 12MPa
¢ = 100kPa y= 22.5kN/m?®
@ = 30° En= 1200MPa
CASTORLTD
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