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1 .      I N T R O D U C T I O N  

1 . 1  P u r p o s e    a n d    S c o p e  

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   P e r f o r m e d  

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). 



                                                                                                                                                                                                                      

                                                                                         
 

 5

2.      BACKGROUND   I N F O R M A T I O N  

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.      O F F S H O R E    F I E L D    I N V E S T I G A T I O N S    AND   LABORATORY 
T E S T S  

3 . 1  O f f s h o r e    F i e l d    I n v e s t i g a t i o n s  

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  L a b o r a t o r y   T e s t s  

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 
4 to 9. 

Soil description is according to the Unified Soil Classification System (USCS). 
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4 .       P R E S E N T A T I O N    O F    T H E    G E O T E C H N I C A L    I N V E S T I G A T I O N  
D A T A  

4 . 1    B r i e f    D e s c r i p t i o n    o f   t h e    S u b s u r f a c e    C o n d i t i o n s  

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 
• Layer I:    Very soft to soft clay (CL), silty sand (SM) and loose clayey gravel (GC) 
• Layer II:   Very stiff clay (CL) and medium dense clayey gravel (GC), clayey sand (SC) 

and silty sand (SM) 
• 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 III : 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/m3 (see tables 7 and 8). 

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

4 . 2     L a y e r    la 

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/m3 and 1.55Mg/m3 were determined. Original data 
are given in table 1. 

Unconsolidated undrained triaxial tests yielded low shear strength values cu 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 φ'=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   L a y e r    I 

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/m3. 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 cu 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 φ'= 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 
(σ1'+σ3')/2 versus (σ1'-σ3')/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 (Eoed=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, Eoed varies between 2100kPa and 6000kPa with two higher 
values equal to 9500kPa and 120O0kPa (table 5). 

Organics content was found to vary between 2.8 and 17.0 percent (table 6). 
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4 . 4   L a y e r    II 

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/m3. 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 cu 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, Eoed 

values were found to be equal to 8000kPa and 1000kPa (table 5). 

4 . 5   L a y e r    IIa 

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/m3. 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 cu 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, Eoed 
values were found to be equal to 1100kPa and 2100kPa (table 5). 

 
4 . 6   L a y e r    I I I  

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 ls50 axial varies between 0.10MPa and 11MPa, and ls50 oblique between 
O.IOMPa and 7.4 MPa. 

Bulk unit weigth is low of the order 2.20 Mg/m3. 

4 . 7   L a y e r    IV 

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 ls50 axial varies between 0.214MPa and 3.5MPa, and ls50 oblique 
between 0.2MPa and 3.2MPa. 

Bulk unit weight is low of the order of 2.15 Mg/m3. 

 
 

4 . 8   S e i s m i c i t y  
 
 
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 S2 (offshore). 
Layer I: Ground type D 
Layer II: Ground type D 
Layer I la: Ground type D 
Pile tip foundation 
Layer III: Ground type A 
Layer IV: Ground type A 
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5 .       E V A L U A T I O N    A N D    S E L E C T I O N    O F    G E O T E C H N I C A L  
D E S I G N    P A R A M E T E R S  

5 . 1    E v a l u a t i o n    o f   t h e    G e o t e c h n i c a l    I n v e s t i g a t i o n    D a t a  

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   S e l e c t i o n    o f    D e s i g n    P a r a m e t e r s    f o r    t h e    O f f s h o r e  
I n s t a l l a t i o n s  

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


















































































































































































































