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Site Investigation in Construction Part 3: Specification for Ground Investigation,  
Site Investigation Steering Group, published by Thomas Telford Ltd (1993) 
 
British Standards Institute (1999) BS 5930:1999, Code of practice for site investigations. Incorporating 
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Methods of describing soils and rocks 

 
Soil and rock descriptions are based on the guidance in Section 6 of BS 5930: 1999, The Code of Practice for Site 
Investigation, Amendment 1.  The amendment revised the Standard to remove text superseded by BS EN ISO 14688-
1:2002, BS EN ISO 14688-2:2004 and EN ISO 14689-1:2003 and refers to the relevant standard for each affected 
subclause.  However, the following terms are used in the description of fine-grained soils, where applicable: 

• soft to firm:  fine-grained soil with consistency description close to the boundary between  
soft and firm soil (Table 13 of BS5930). 

• firm to stiff:  fine-grained soil with consistency description close to the boundary between  
firm and stiff soil (Table 13 of BS5930). 

 

Abbreviations used on exploratory hole logs 

U Nominal 100mm diameter undisturbed open tube sample 

P Nominal 100mm diameter undisturbed piston sample 

B Bulk disturbed sample 

D  Small disturbed sample  

W Water sample 

ES / EW Soil sample for environmental testing / Water sample for environmental testing 

SPT Standard penetration test using a split spoon sampler (small disturbed sample obtained) 

SPT (C) Standard  penetration test using 60 degree solid cone 

x,x/x,x,x,x 

Blows per increment during the standard penetration test.  The initial two values relate to the 
seating drive (150mm) and the remaining four to the 75mm increments of the test length. 

The length achieved is stated (mm) for any test increment less than 75mm 

N=X 
SPT blow count ‘N’ given by the summation of the blows ‘X’ required to drive the full test length 
(300mm) 

N=X/Z 
Incomplete standard penetration test where the full test length was not achieved.  The blows ‘X’ 
represent the total blows for the given test length ‘Z’ (mm) 

V 
VR 

Shear vane test (borehole)    Hand vane test (trial pit)    Shear strength stated in kPa 
V: undisturbed vane shear strength  VR: remoulded vane shear strength 

dd/mm/yy: 1.0 
dd/mm/yy: dry 

Date & water level at the borehole depth at the end of shift  
and the start of the following shift 

Abbreviations relating to rock core – reference Clause 44.4.4 of BS 5930: 1999 

TCR (%) 
Total Core Recovery: Ratio of rock/soil core recovered (both solid and non-intact) to the total 
length of core run. 

SCR (%) 
Solid Core Recovery: Ratio of solid core to the total length of core run.  Solid core has a full 
diameter, uninterrupted by natural discontinuities, but not necessarily a full circumference and is 
measured along the core axis between natural fractures.   

RQD (%) 
Rock Quality Designation: Ratio of total length of solid core pieces greater than 100mm to the 
total length of core run. 

FI 
Fracture Index: Number of natural discontinuities per metre over an indicated length of core of 
similar intensity of fracturing. 

NI 
Non Intact: Used where the rock material was recovered fragmented, for example as fine to 
coarse gravel size particles. 

AZCL Assessed zone of core loss:  The estimated depth range where core was not recovered. 

DIF Drilling induced fracture:  A fracture of non-geological origin brought about by the rock coring. 
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New Port of Galway 
 
 

1 AUTHORITY 

 

On the instructions of Consulting Engineers, Patrick J. Tobin & Co. Ltd (“the Client’s 

Representative”), on behalf of Galway Harbour Company (“the Client”), a marine investigation was 

undertaken at the above location to provide geotechnical information for input to the design and 

construction of a proposed new port. 

 

This report details the work carried out both on site and in the geotechnical laboratory; it contains 

a description of the site and the works undertaken, the exploratory hole logs and the laboratory 

test results.   

 

All information given in this report is based upon the ground conditions encountered during the site 

investigation works, and on the results of the laboratory and field tests performed.  However, there 

may be conditions at the site that have not been taken into account, such as unpredictable soil 

strata, contaminant concentrations, and variable conditions between exploratory holes 

 

This report was prepared by Causeway Geotech Ltd for the use of the Client and the Client’s 

Representative in response to particular instructions.  Any other parties using the information 

contained in this report do so at their own risk and any duty of care to those parties is excluded.   

 

 

2 SCOPE 

 

The extent of the investigation, as instructed by the Client’s Representative, included cable 

percussion and rotary cored boreholes, dynamic probing, soil sampling, in-situ and laboratory 

testing, cone penetration tests and the preparation of a factual report on the findings. 

 

 

3 DESCRIPTION OF SITE 

 

As shown on the site location plan in Appendix A, the site of the proposed new harbour lies to the 

south of the existing lock gated harbour and would be accessed through the existing harbour estate. 

 

The development will consist of a new quay, large areas of reclaimed land, a marina and a new 

dredged approach channel. 
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4 SITE OPERATIONS 

 

The Site Operations, conducted on 10 March – 22 March 2012, comprised: 

 

• eight cable percussion boreholes 

 

• three rotary cored boreholes 

 

• twenty dynamic probe holes 

 

• cone penetration tests 

 

All exploratory work was carried out from a C5 Combi-float jack-up platform supplied and operated 

by ABCO Marine. 

 

All site works were supervised by a chartered geotechnical engineer from Causeway Geotech. 

 

The jack-up platform was 18m x 18m in plan area with 17m long jack legs.  The jack-up was 

manoeuvred to the locations using a workboat.  A safety boat provided a watching brief and also 

provided access to the platform for the crew and Engineer’s representatives. 

 

The locations of the test holes were set out from co-ordinates supplied by the Client’s 

representative and buoys placed to allow accurate navigation to each test location. 

 

The bed levels were recorded by measuring the water level to bed at the test location using tidal 

prediction software with confirmatory checks of pier to water at the end of the breakwater. On 

each exploratory hole log the “ground level” is reported – this level is a record of the sea bed level. 

 

All work was undertaken under a watching brief by a Marine Mammal Observer who was approved by 

the National Parks and Wildlife Service (NPWS) for this project.  The Marine Mammal Observer’s 

findings were reported directly to the NPWS. 

 

The exploratory holes and insitu tests were located as instructed by the Client’s Representative, as 

shown on the exploratory hole location plan in Appendix A.   

 

4.1 Cable percussion boreholes  

 

Eight boreholes (BH01 – BH08) were put down in 200mm diameter using a Dando 3000 percussion 

boring rig.  All boreholes meet refusal in either Meta-Gabbro boulders within the glacial till or 

possible Granite bedrock, at a depths ranging 3.40m – 15.00m. 

 

Disturbed (small bag and bulk bag) samples and undisturbed thin wall piston samples and were 

taken within the encountered strata.  
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The piston samples were immediately waxed to prevent moisture loss and packed with bubble wrap 

to prevent slumping within the tube.  The tubes were stored vertically and transported to Queens 

University in Belfast for subsequent testing. 

  

Standard penetration tests were carried out at intervals using the split spoon sampler (SPT).  The 

penetrations are stated for those tests for which the full 150mm seating drive or 300mm test drive 

was not possible.   

 

Vane tests were also carried out within the strata using a 150mm x 75mm Farnell Vane Tester and 

pilcon hand vane tester.  The Farnell Vane tester was used to measure both peak vane and 

remoulded shear strengths. 

 

Any water strikes encountered during boring were recorded along with any changes in their levels as 

the borehole proceeded. 

 

Appendix B presents the borehole logs. 

 

4.2 Rotary cored boreholes 
 

Three rotary cored boreholes (RC01 – RC03) were put down as extensions of shell and auger 

boreholes taken into bedrock by means of symmetrix rotary cased percussive techniques. 

 

The coring was undertaken using a Comacchio 205 drilling rig using T2-86 core barrels in boreholes 

RC02 and RC03 and T2-101 in borehole RC01 due to damage to the T2-86 core barrel in the previous 

boreholes. 

 

The cores were placed in wooden core boxes and logged onsite by the Causeway Geotech Chartered 

Geotechnical Engineer. 

 

Appendix C present the rotary cored borehole logs. 

 

4.3 Dynamic probing 
 

Twenty dynamic probes (DP01 – DP20) were conducted using the DPSH-B method as described in 

EN ISO 22476-2.  The method entails a 63.5kg hammer falling 0.75m onto a 90° cone of 50.5mm 

diameter.   

 

Appendix D provides the dynamic probe logs in the form of plots, against depth, of the number of 

blows per 100mm penetration.   

 

4.4 Cone penetration tests 
 

Seven cone penetration tests (CPTu) were carried out by a specialist sub-contractor, Insitu Site 

Investigation. 
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Porewater dissipation tests were scheduled but as the porewater levels did not rise above ambient 

levels, these tests were not undertaken. 

 

These results are presented in a separate report detailed in Appendix E. 

 

 

5 LABORATORY WORK 

 

Upon their receipt in the laboratory, all disturbed samples were carefully examined and accurately 

described and their descriptions incorporated into the borehole logs.   

 

Laboratory testing of soils comprised: 

 

• soil classification tests: moisture content, Atterberg Limit and particle size distribution 

analysis. 

 

• consolidation tests: one dimension oedometer consolidation test 

 

• strength tests: unconsolidated undrained triaxial test without the measurement of porewater 

pressure and consolidated undrained triaxial test with the measurement of porewater 

pressure 

 

• rock classification tests: petrographic analysis 

 

• rock tests:  unconfined compressive strength and point load 

 

The test results are presented in Appendix F.  

 

 

6 GROUND CONDITIONS 

 

6.1 General geology of the site 

 
The 1:100,000 Bedrock Geology Map of the area inshore of the site (Geological Survey of Ireland, 

2003) shows the bedrock to be undifferentiated strata of the metagabbro and orthogneiss suite of 

the Ordovician period, rocks formed approximately 440-490 million years ago. 

 

Metagabbro is metamorphosed coarsely crystalline igneous rock, iron and magnesium-rich with little 

or no quartz. The rock was originally formed by solidifying from magma (igneous) and was 

subsequently altered by heat and/or pressure with accompanying deformation (metamorphoric).  

Similarly, the orthogneiss is a banded rock formed by metamorphosis of an igneous rock. 

 

6.2 Ground types 

 

The boreholes revealed the following ground types, listed in stratigraphical order: 
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6.2.1 Recent deposits 

 

The Recent marine deposits are generally very soft grey slightly sandy - sandy silts with layers of 

silty – very silty sand. 

 

The silt contents are typically high with generally no / very low sand or gravel content and very low 

clay content.  

 

There are variable amounts of shells, mostly oyster shells, within the marine deposits varying from 

slight to moderate levels.  In BHRC01 a layer of oyster shells was encountered from 2.60m – 3.00m 

below seabed. 

 

The Atterberg Limits indicate soils in the intermediate to very high plasticity ranges, with some 

concentration in the intermediate range. The measured plasticity values of the silts, and the 

plotting of several samples above the A-line, are a consequence of the organic content which aids 

retention of moisture in the test specimens.  

 

6.2.2 Glacial soils 

 

The glacial soils include Glacial Till and Fluvio-Glacial deposits: they were very stiff sandy gravelly 

CLAY/SILT and silty, sandy GRAVEL.  

 

There are significant levels of cobbles and boulders within the glacial till.  These consist generally 

of subangular to subrounded meta-gabbro derived material. 

 

6.2.3 Bedrock 

 

The bedrock encountered was generally a very strong Granite. 

 

The recovery in the rotary boreholes was generally good with a total core recovery of over 80%. 
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1.0 INTRODUCTION 

At the request of Causeway Geotechnics

Limited (In Situ S.I.) carried out a soils investigation 

The investigation consisted of performing Static Cone Penetration Tests (CPTs).  All tests 

were performed at locations set out by the Client.

The fieldwork details are shown below in figure 1.1 and figure 1.2.

Fieldwork Summary 

CPT Rig Used 

Operators 

Date Started 

Date Finished 

In Situ S.I. Project Manager 

Main Contractor’s Site Manager 

Figure 1.1:  Table showing the fieldwork summary details.

Completed Fieldwork Summary

7 Static Cone Penetration Tests (CPTs) to a maximum depth of 

measured Cone Resistance (qc), Sleeve fiction (f

position (u2), inclination in X and Y planes.

 

Provision of factual report with estimated soil type, geotechnical parameters and AGS data.

Figure 1.2: Table showing the completed fieldwork summary details.

 

 

 

 

 

 

Introduction 

Causeway Geotechnics Limited (The Client), In Situ Site Investigation 

Limited (In Situ S.I.) carried out a soils investigation at Galway Harbour.  

performing Static Cone Penetration Tests (CPTs).  All tests 

were performed at locations set out by the Client. 

The fieldwork details are shown below in figure 1.1 and figure 1.2. 

3.5 tonne Track Mounted Rig (CPT00

Ian Musson and Martin Hopwood 

22/03/12 

23/03/12 

Darren Ward 

 David Cameron 

Table showing the fieldwork summary details. 

Summary 

Static Cone Penetration Tests (CPTs) to a maximum depth of 7.35m or refusal.  Each test 

), Sleeve fiction (fs), Measured Pore Pressure in the shoulder 

), inclination in X and Y planes. 

factual report with estimated soil type, geotechnical parameters and AGS data.

Table showing the completed fieldwork summary details. 
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(The Client), In Situ Site Investigation 

performing Static Cone Penetration Tests (CPTs).  All tests 

Mounted Rig (CPT004) 

and Martin Hopwood   

or refusal.  Each test 

), Measured Pore Pressure in the shoulder 

factual report with estimated soil type, geotechnical parameters and AGS data. 
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2.0 FIELDWORK 

2.1 CPT RIG 

All works were performed with a 

a 20 tonne capacity hydraulic ram set.  A full data sheet for this rig is presented in Appendix 

A. 

2.2 CPTU CONE 

A single electric CPTU cone was

of Application Class 1 of Eurocode 7 (2007).  The

figure 1.2.  The cone had a cross

the shoulder (u2) position (see figure 3

Appendix A. 

2.3 TEST PROCEDURE 

The tests are carried out in accordance with the International Reference Test Procedure for 

CPT and CPTU (ISSMGE). 

The final depths of the tests were determined by either completion to the specified test depth 

or when the maximum safe capacity of the equipment was reached.  A schedule of the tests 

performed is shown in Appendix A which has been compiled from the operator’s daily 

progress reports. 

The data is transmitted from the digital CPTU through an umbilical cable that runs through 

the push rods to the data acquisition system.

The rate of penetration is kept constant at 2cm/s ±10% except when penetrating very dense 

or hard strata.  A copy of the depth encoder calibration certificate is shown in Appendix A.  

Results are displayed instantaneously on the computer logging screen.  The results are 

recorded on the computer hard disc.

Before each test is carried out zero values are taken o

calibration.  At the end of each test, zero values are taken again to see if there has been any 

drift during the test.  These values are inspected during the post processing stage.  This is a 

quality check on the data and the testing procedure.  Individual test zero values are shown 

on their corresponding test results on form CPT0001 in Appendix B.

 

Fieldwork 

All works were performed with a 3.5 tonne CPT Track Mounted Rig (CPT004) equipped with 

a 20 tonne capacity hydraulic ram set.  A full data sheet for this rig is presented in Appendix 

as used S10CFIP.742 a type conforming to the requirements 

of Application Class 1 of Eurocode 7 (2007).  The cones measured parameters are shown in 

had a cross-sectional area of 10cm2.  The piezo filter was mounted in 

) position (see figure 3.2).  A full datasheet of the cone used is shown in 

The tests are carried out in accordance with the International Reference Test Procedure for 

of the tests were determined by either completion to the specified test depth 

or when the maximum safe capacity of the equipment was reached.  A schedule of the tests 

performed is shown in Appendix A which has been compiled from the operator’s daily 

The data is transmitted from the digital CPTU through an umbilical cable that runs through 

the push rods to the data acquisition system. 

The rate of penetration is kept constant at 2cm/s ±10% except when penetrating very dense 

A copy of the depth encoder calibration certificate is shown in Appendix A.  

Results are displayed instantaneously on the computer logging screen.  The results are 

recorded on the computer hard disc. 

Before each test is carried out zero values are taken of the cone to check to see if it is within 

calibration.  At the end of each test, zero values are taken again to see if there has been any 

drift during the test.  These values are inspected during the post processing stage.  This is a 

data and the testing procedure.  Individual test zero values are shown 

on their corresponding test results on form CPT0001 in Appendix B. 
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) equipped with 

a 20 tonne capacity hydraulic ram set.  A full data sheet for this rig is presented in Appendix 

ype conforming to the requirements 

cones measured parameters are shown in 

.  The piezo filter was mounted in 

cone used is shown in 

The tests are carried out in accordance with the International Reference Test Procedure for 

of the tests were determined by either completion to the specified test depth 

or when the maximum safe capacity of the equipment was reached.  A schedule of the tests 

performed is shown in Appendix A which has been compiled from the operator’s daily 

The data is transmitted from the digital CPTU through an umbilical cable that runs through 

The rate of penetration is kept constant at 2cm/s ±10% except when penetrating very dense 

A copy of the depth encoder calibration certificate is shown in Appendix A.  

Results are displayed instantaneously on the computer logging screen.  The results are 

f the cone to check to see if it is within 

calibration.  At the end of each test, zero values are taken again to see if there has been any 

drift during the test.  These values are inspected during the post processing stage.  This is a 

data and the testing procedure.  Individual test zero values are shown 
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2.5 POSITIONING 

All positions were set out by the Client on site.

 

 

Fieldwork 

All positions were set out by the Client on site.  
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3.0 CONE PENETRATION TEST RESULTS

All tests carried with the CPTU cone are shown in Appendix B and displays all results as 

described in section 3.1 and 3.2.  Two graphs are shown for each test.  The first graph (form 

CPT0001 Estimated Soil Behaviour Type Plot) shows the measured readings from the cone 

and the estimated soil description, these are plotted at a 0

resistance.  The second graph (form CPT0002 Measured Pore Pressure Plot) shows derived 

and corrected values along with the pore pressure results; these are plotted at a 0

scale for the cone resistance. 

3.1 ESTIMATED SOIL BEHAVIOUR TYPE PLOT (FORM CPT0001)

The estimated soil behaviour type plot presented in Appendix B details the following:

• Measured cone end resistance (

• Friction ratio (Rf); 

• Inclination, X and Y axis; 

• Estimated behaviour soil type log (Robertson 

• Legend indicating soil log (BS5930:1999 legend)

3.1.1 Estimated Soil Behaviour Type

The estimation of soil behaviour type using measurements of cone and friction is based 

upon the variation of the friction ratio in respect to the cone resistance.  The friction ratio 

varies depending upon whether the soil is cohesive or gran

depending on the strength and densities of the soil.

The interpretation is based on Robertson 

below (figure 3.1). 

The density and stiffness values descriptions are based 

(1986)) and Su (Lunne and Kleven 

BS5930:1999.  A list of these values are presented in Appendix A.

CPT Results 

CONE PENETRATION TEST RESULTS 

All tests carried with the CPTU cone are shown in Appendix B and displays all results as 

described in section 3.1 and 3.2.  Two graphs are shown for each test.  The first graph (form 

imated Soil Behaviour Type Plot) shows the measured readings from the cone 

and the estimated soil description, these are plotted at a 0-20MPa scale for the cone 

resistance.  The second graph (form CPT0002 Measured Pore Pressure Plot) shows derived 

ected values along with the pore pressure results; these are plotted at a 0

ESTIMATED SOIL BEHAVIOUR TYPE PLOT (FORM CPT0001) 

The estimated soil behaviour type plot presented in Appendix B details the following:

Measured cone end resistance (qc) and sleeve friction (fs); 

 

Estimated behaviour soil type log (Robertson et.al 1986, friction ratio chart)

Legend indicating soil log (BS5930:1999 legend) 

Behaviour Type 

The estimation of soil behaviour type using measurements of cone and friction is based 

upon the variation of the friction ratio in respect to the cone resistance.  The friction ratio 

varies depending upon whether the soil is cohesive or granular. The cone resistance varies 

depending on the strength and densities of the soil. 

The interpretation is based on Robertson et. al. (1986) (Friction ratio chart) which is shown 

The density and stiffness values descriptions are based on derived N60 (Robertson 

and Kleven (1981)) values from the cone resistance in accordance to 

BS5930:1999.  A list of these values are presented in Appendix A. 
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All tests carried with the CPTU cone are shown in Appendix B and displays all results as 

described in section 3.1 and 3.2.  Two graphs are shown for each test.  The first graph (form 

imated Soil Behaviour Type Plot) shows the measured readings from the cone 

20MPa scale for the cone 

resistance.  The second graph (form CPT0002 Measured Pore Pressure Plot) shows derived 

ected values along with the pore pressure results; these are plotted at a 0-80MPa 

 

The estimated soil behaviour type plot presented in Appendix B details the following: 

1986, friction ratio chart) 

The estimation of soil behaviour type using measurements of cone and friction is based 

upon the variation of the friction ratio in respect to the cone resistance.  The friction ratio 

ular. The cone resistance varies 

. (1986) (Friction ratio chart) which is shown 

on derived N60 (Robertson et. al. 

(1981)) values from the cone resistance in accordance to 
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Figure 3.1: Robertson 

3.1.2 Friction Ratio (Rf) 

The friction ratio (Rf) is the ratio between the sleeve friction and the cone resistance.  This is 

a very useful parameter for carrying out soil interpretation

������� 	
��� �	�


3.1.3 Depth Correction 

All tests in the report have been corrected for depth difference caused by inclination.  This 

has been calculated using the method described in the International Reference 

Procedure (2001). 

To calculate the corrected depth the following formula is used:

where: 
 z = penetration depth, in m;
 l = penetration length, in m; 
 Ch = correction factor for the effect of the inclination of the CPTU relative to the 
vertical axis. 

The equation for calculating the correction factor for the influence of the inclination for a bi

axial inclinometer is: 

�

CPT Results 

Robertson et al., 1986 soil behaviour type chart. 

the ratio between the sleeve friction and the cone resistance.  This is 

a very useful parameter for carrying out soil interpretation 

� 
 � ������� �������� ����
��� 	�����
��� ����� � ��� (Lunne et al., 1997)

All tests in the report have been corrected for depth difference caused by inclination.  This 

has been calculated using the method described in the International Reference 

To calculate the corrected depth the following formula is used: 

� �  �! · #�
�

�
 

= penetration depth, in m; 
= penetration length, in m;  

= correction factor for the effect of the inclination of the CPTU relative to the 

The equation for calculating the correction factor for the influence of the inclination for a bi

! � �� $ �
�% & $�
�%'�(� %)  
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the ratio between the sleeve friction and the cone resistance.  This is 

1997) 

All tests in the report have been corrected for depth difference caused by inclination.  This 

has been calculated using the method described in the International Reference Test 

= correction factor for the effect of the inclination of the CPTU relative to the 

The equation for calculating the correction factor for the influence of the inclination for a bi-
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3.2 MEASURED PORE PRESSURE PLOT (CPT0002)

Behind each estimated soil type plots in Appendix B is a second plot showing the pore 

pressure results as well as corrected and derived parameters.  These logs detail the 

following: 

• Measured Pore pressure (

• Corrected cone resistance (

• Pore pressure ratio (Bq) 

• Sleeve friction (fs) 

3.2.1 Pore Pressure Results (

The CPTU measured the pore pressure during penetration.  If the material is free draining 

and saturation is maintained it will normally measure hydros

that is not free draining it will record the total pore pressure (hydrostatic plus any excess 

pore pressures generated) created by the cone penetrating through this material

The filter element can be mounted in one of three positions.  For the tests carried out in this 

report the filter was mounted in the u

 

 

 

 

Figure 3.2: Diagram showing pore pressure filter locations (after Lunne 

3.2.2 Corrected Cone Resistance (

For each penetration test, the measured Cone Resistance, 

‘unequal area effect’ due to the influence of the ambient pore water pressure acting on the 

cone. 

The corrections have been applied using the following equation:

�� � ��

Where αααα is the cone area ratio, which is 

is geometrically measured). 

u1 

u2 

u3 

CPT Results 

MEASURED PORE PRESSURE PLOT (CPT0002) 

Behind each estimated soil type plots in Appendix B is a second plot showing the pore 

pressure results as well as corrected and derived parameters.  These logs detail the 

Measured Pore pressure (u2), 

cted cone resistance (qt); 

 

Pore Pressure Results (u2) 

The CPTU measured the pore pressure during penetration.  If the material is free draining 

and saturation is maintained it will normally measure hydrostatic pore pressure.  In material 

that is not free draining it will record the total pore pressure (hydrostatic plus any excess 

pore pressures generated) created by the cone penetrating through this material

The filter element can be mounted in one of three positions.  For the tests carried out in this 

report the filter was mounted in the u2, or shoulder position (see figure 3.2) 

Diagram showing pore pressure filter locations (after Lunne et al., 1997)

Corrected Cone Resistance (qt) 

For each penetration test, the measured Cone Resistance, qc, can be corrected for the 

‘unequal area effect’ due to the influence of the ambient pore water pressure acting on the 

The corrections have been applied using the following equation: 

� $ *+%·�� , -�. (Lunne et al., 1997) 

ratio, which is 0.869 for the cone used on this project (This value 

Cone 

Penetrometer 

Friction Sleeve 

Cone 
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Behind each estimated soil type plots in Appendix B is a second plot showing the pore 

pressure results as well as corrected and derived parameters.  These logs detail the 

The CPTU measured the pore pressure during penetration.  If the material is free draining 

tatic pore pressure.  In material 

that is not free draining it will record the total pore pressure (hydrostatic plus any excess 

pore pressures generated) created by the cone penetrating through this material 

The filter element can be mounted in one of three positions.  For the tests carried out in this 

, 1997) 

can be corrected for the 

‘unequal area effect’ due to the influence of the ambient pore water pressure acting on the 

for the cone used on this project (This value 
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3.2.3 Pore Pressure Ratio (Bq

Pore pressure ratio is the ratio between the measured pore pressure generated during 

penetration and the corrected cone resistan

Pore pressure ratio as defined by Senneset and Janbu (1985) is defined as:

where: 
 u2 = pore pressure measured between the cone and the friction sleeve
 u0 = equilibrium pore pressure
 σvo = total overburden stress
 qt = cone resistance corrected for unequal end area effects
 

3.2.4 Soil Unit Weight 

For calculations involving the total overburden stress, an estimate of the soil unit weight has 

to be made.  For all calculations in this report, an approximate unit weight is assigned to 

each soil classification zone from the Robertson 

Figure 3.3 below lists the approximate unit weight for each zone from Lunne 

Zone 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Figure 3.3: Estimate of unit weights based on the Robertson 

CPT Results 

q) 

Pore pressure ratio is the ratio between the measured pore pressure generated during 

penetration and the corrected cone resistance minus the total overburden stress.

Pore pressure ratio as defined by Senneset and Janbu (1985) is defined as: 

/� � +% , +�
�� , 0��

 

= pore pressure measured between the cone and the friction sleeve 
= equilibrium pore pressure 
= total overburden stress 

= cone resistance corrected for unequal end area effects 

For calculations involving the total overburden stress, an estimate of the soil unit weight has 

to be made.  For all calculations in this report, an approximate unit weight is assigned to 

each soil classification zone from the Robertson et al., 1986 chart. 

Figure 3.3 below lists the approximate unit weight for each zone from Lunne et al

Approximate unit weight (kN/m
3

17.5 

12.5 

17.5 

18 

18 

18 

18.5 

19 

19.5 

20 

20.5 

19 

Estimate of unit weights based on the Robertson et al.,(1986) friction ratio chart (Lunne 

al., 1997). 
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Pore pressure ratio is the ratio between the measured pore pressure generated during 

ce minus the total overburden stress. 

For calculations involving the total overburden stress, an estimate of the soil unit weight has 

to be made.  For all calculations in this report, an approximate unit weight is assigned to 

et al., 1997. 

3
) 

.,(1986) friction ratio chart (Lunne et 
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3.2.5 In Situ Pore Pressure 

On the pore pressure plot is a second line (in red) showing the inferred in situ or hydrostatic 

pore pressure, u0.  This is calculated from a known or estimated water table level.

In the report, the water table has been inferred at 2

 

CPT Results 

On the pore pressure plot is a second line (in red) showing the inferred in situ or hydrostatic 

is calculated from a known or estimated water table level.

In the report, the water table has been inferred at 2m below ground level. 
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On the pore pressure plot is a second line (in red) showing the inferred in situ or hydrostatic 

is calculated from a known or estimated water table level. 
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4.0 GEOTECHNICAL PARAMETERS

A number of empirical correlations can be carried out to derive geotechnical parameters 

from CPT data.  This report includes a number of these parameters which are described in 

this section.  For the CPT data only soil behaviour type, SPT values, shear strength and 

relative density are derived and are shown in Appendix C.  For the CPTU data all the derived 

parameters described in the section are derived and displayed in Appendix C.

Please note that a number of the correlations are derived for a certain type of soil, an

may not be appropriate for all the soil types encountered on this project

 

4.1 SOIL BEHAVIOUR TYPE INDEX

The soil behaviour type index was derived by Jefferies and Davies (1991).  It was created to 

allow a continuous variation of (q

discontinuous nature of an earlier conversion by Robertson 

This approach has been modified for use with the Robertson (1990) normalised CPT soil 

classification chart.  The boundaries between soil behaviou

approximated as concentric circles, and the radius of each circle can be used as a soil 

behaviour type index (Lunne et al., 

The soil behaviour type index, Ic, can then be defined as:

1� � ��2.
The boundaries of soil behaviour type are then given in terms of the index, 

for the table of soil behaviour types.

Geotechnical Parameters 

GEOTECHNICAL PARAMETERS 

empirical correlations can be carried out to derive geotechnical parameters 

from CPT data.  This report includes a number of these parameters which are described in 

this section.  For the CPT data only soil behaviour type, SPT values, shear strength and 

lative density are derived and are shown in Appendix C.  For the CPTU data all the derived 

parameters described in the section are derived and displayed in Appendix C. 

Please note that a number of the correlations are derived for a certain type of soil, an

for all the soil types encountered on this project. 

SOIL BEHAVIOUR TYPE INDEX 

The soil behaviour type index was derived by Jefferies and Davies (1991).  It was created to 

(qc/pa)/N60 with soil type, which was an improvement on the 

discontinuous nature of an earlier conversion by Robertson et al. (1986). 

This approach has been modified for use with the Robertson (1990) normalised CPT soil 

classification chart.  The boundaries between soil behaviour type zones (2 to 7) can be 

approximated as concentric circles, and the radius of each circle can be used as a soil 

et al., 1997). 

, can then be defined as: 

. 45 , ��67��% $ ���6�� $ �. %%�%��.8 

The boundaries of soil behaviour type are then given in terms of the index, Ic.  See figure 4.1 

for the table of soil behaviour types. 
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empirical correlations can be carried out to derive geotechnical parameters 

from CPT data.  This report includes a number of these parameters which are described in 

this section.  For the CPT data only soil behaviour type, SPT values, shear strength and 

lative density are derived and are shown in Appendix C.  For the CPTU data all the derived 

Please note that a number of the correlations are derived for a certain type of soil, and 

The soil behaviour type index was derived by Jefferies and Davies (1991).  It was created to 

ype, which was an improvement on the 

This approach has been modified for use with the Robertson (1990) normalised CPT soil 

r type zones (2 to 7) can be 

approximated as concentric circles, and the radius of each circle can be used as a soil 

.  See figure 4.1 
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Soil Behaviour Type Index, Ic 

Ic < 1.31 

1.31 < Ic < 2.05 

2.05 < Ic < 2.60 

2.60 < Ic < 2.95 

2.95 < Ic < 3.60 

Ic > 3.60 

Figure 4.1: 

 

4.2 STANDARD PENETRATION TEST (SPT) N VALUE

The SPT N value can be derived using differing ratios of the relationship between 

These ratios were suggested by Robertson 

Zone 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Figure 4.2: SPT N value ratios from Robertson 

For the best results for the calculation of 

type index, Ic.  This is the method used in this report.

Geotechnical Parameters 

Zone 

(from Robertson 1990 

normalised chart) 

Soil Behaviour Type

7 Gravelly sand to dense sand

6 Sands – clean sand to silty 

sand 

5 Sand mixtures –

sandy silts 

4 Silt mixtures – clayey silt to silty 

clay 

3 Clays: silty clay to clay

2 Organic soils - peats

Figure 4.1: Boundaries of soil behaviour type index, Ic. 

STANDARD PENETRATION TEST (SPT) N VALUE 

The SPT N value can be derived using differing ratios of the relationship between 

These ratios were suggested by Robertson et al. (1986) and are shown in figure 4.2.

Soil Behaviour Type (qc/pa)/N60

Sensitive fine grained 2 

Organic material 1 

CLAY 1 

Silty CLAY to CLAY 1.5 

Clayey SILT to silty CLAY 2 

Sandy SILT to clayey SILT 2.5 

Silty SAND to sandy SILT 3 

SAND to silty SAND 4 

SAND 5 

Gravely SAND to SAND 6 

Very stiff fine grained 1 

SAND to clayey SAND 2 

SPT N value ratios from Robertson et al., 1986. 

For the best results for the calculation of N60 it is recommended to use the soil behaviour 

.  This is the method used in this report. 
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Soil Behaviour Type 

to dense sand 

clean sand to silty 

– silty sand to 

clayey silt to silty 

clay to clay 

peats 

The SPT N value can be derived using differing ratios of the relationship between qc and N60.  

(1986) and are shown in figure 4.2. 

60 

it is recommended to use the soil behaviour 
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The relationship between N60 and 

���
�
�

9:�
�

It is suggested (Jefferies and Davies, 1991) that this method provides a better estimate of 

the SPT N values than the actual SPT test due to poor repeatability of the SPT.

 

4.3 SHEAR STRENGTH 

Estimation of su from CPTUs using corrected cone resistance i

equation: 

�+

where: 
Nkt = empirical cone factor

σvo = total overburden stress.
 

Research has shown that the cone factor 

value of 15.  We present an upper bound 

su value with an Nkt value of 20.  This report only presents this data on soils with a soil 

behaviour type index (Ic) of greater than 2.60.

 

4.4 RELATIVE DENSITY (

Relative density has been derived using a method by Jamiolkowski 

4.3).  This correlation was derived from five predominantly silica sands under controlled 

laboratory conditions.  The sand

predominantly quartz.  It is noted that field cases are likely to show more variability than that 

demonstrated in figure 4.3. 

 

The correlation in this report is calculated on soil with a soil behaviour

than 2.60.  The formula for calculating relative density (

Geotechnical Parameters 

and Ic is defined as: 

� ;. 8�� , 1�
4.:� (Lunne et al., 1997) 

It is suggested (Jefferies and Davies, 1991) that this method provides a better estimate of 

the SPT N values than the actual SPT test due to poor repeatability of the SPT. 

from CPTUs using corrected cone resistance is made from the following 

� ���(0���
9<�

  (Lunne et al., 1981) 

= empirical cone factor 

= total overburden stress. 

Research has shown that the cone factor Nkt varies between 11 and 30 with an average 

value of 15.  We present an upper bound su value with an Nkt value of 15 and a lower bound 

value of 20.  This report only presents this data on soils with a soil 

eater than 2.60. 

RELATIVE DENSITY (Dr) 

Relative density has been derived using a method by Jamiolkowski et al., 1985 (see figure 

4.3).  This correlation was derived from five predominantly silica sands under controlled 

laboratory conditions.  The sands were normally consolidated, un-cemented, un

predominantly quartz.  It is noted that field cases are likely to show more variability than that 

The correlation in this report is calculated on soil with a soil behaviour type index (

than 2.60.  The formula for calculating relative density (Dr) is: 
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It is suggested (Jefferies and Davies, 1991) that this method provides a better estimate of 

 

s made from the following 

varies between 11 and 30 with an average 

value of 15 and a lower bound 

value of 20.  This report only presents this data on soils with a soil 

., 1985 (see figure 

4.3).  This correlation was derived from five predominantly silica sands under controlled 

cemented, un-aged and 

predominantly quartz.  It is noted that field cases are likely to show more variability than that 

type index (Ir) of less 



Causeway Geotechnics Limited 

Galway Harbour 

 

Report No.: 1120134R001RW 

 

=

Figure 4.3: Correlation between q

 

4.5 FRICTION ANGLE 

Friction angle is derived using the Robertson and Campanella (1983) method from their work 

looking at calibration test data (see figure 4.6).  The correlation is based on un

cemented quartz sand.  The formula for peak 

>′ �

The correlation in this report is calculated on soil with a soil behaviour type index (

than 2.60. 

Geotechnical Parameters 

=� � ,?; $ :: ��6��
��

*0′��.�.8 

 

Correlation between qc and relative density (after Jamiolkowski et al., 1985)

Friction angle is derived using the Robertson and Campanella (1983) method from their work 

looking at calibration test data (see figure 4.6).  The correlation is based on un

cemented quartz sand.  The formula for peak Φ’ from CPTU is: 


���
� @�. � $ �. 2; ABC��� 0��′) �D 

The correlation in this report is calculated on soil with a soil behaviour type index (
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., 1985) 

Friction angle is derived using the Robertson and Campanella (1983) method from their work 

looking at calibration test data (see figure 4.6).  The correlation is based on un-aged un-

The correlation in this report is calculated on soil with a soil behaviour type index (Ic) of less 
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Figure 4.6: Peak friction angle of clean quartz sands from 

4.6 FINES CONTENT (FC)

It is possible to estimate fines content from the friction ratio of sandy soils.  Suzuki 

(1995) demonstrated how friction ratio (

Figure 4.7: Variation of fines content with friction ratio (Suzuki 

Robertson and Fear (1995) used this relationship and integrated it with the soil behaviour 

type index (Ic), this was later updated in 1998.  This relationship is shown below:

�� 1� E 1.26

�� �. %: I 1�  I 2. 8 
��
����
�� 1� J 3.5 

 

 

Geotechnical Parameters 

Peak friction angle of clean quartz sands from CPTU (after Robertson & Campanella, 

1983). 

) 

It is possible to estimate fines content from the friction ratio of sandy soils.  Suzuki 

(1995) demonstrated how friction ratio (Rf) varies with fines content (FC) (see figure 4.7)

 

Variation of fines content with friction ratio (Suzuki et al., 1995)

Robertson and Fear (1995) used this relationship and integrated it with the soil behaviour 

), this was later updated in 1998.  This relationship is shown below:

26 MNNMOPQR STQPU VWQRPQR XY �%� � � 


��
���� ����� ������� �� �%� � �. 58 1�2 , 2
 MNNMOPQR STQPU VWQRPQR XY �%� � ��� 

 

Page 17 of 62 

(after Robertson & Campanella, 

It is possible to estimate fines content from the friction ratio of sandy soils.  Suzuki et al., 

) (see figure 4.7) 

., 1995) 

Robertson and Fear (1995) used this relationship and integrated it with the soil behaviour 

), this was later updated in 1998.  This relationship is shown below: 

2. 5 
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CPT PROJECT SUMMARY SHEET
 

HOLE 
Final Depth of 

Test (m) 

CPT 01 1.26 

CPT 02 7.35 

CPT 03 1.41 

CPT 04 5.72 

CPT 05 6.94 

CPT 06 4.12 

CPT 07 5.46 

Appendix A 

CPT PROJECT SUMMARY SHEET 

Date of Test Cone Used Test Remarks

22.03.12 S10CFIP742 Test Refused on Total Pressure

22.03.12 S10CFIP742 Test Refused on Total Pressure

22.03.12 S10CFIP742 Test Refused on Total Pressure

22.03.12 S10CFIP742 Test Refused on Total Pressure

22.03.12 S10CFIP742 Test Refused on Total Pressure

22.03.12 S10CFIP742 Test Refused on Total Pressure

22.03.12 S10CFIP742 Test Refused on Total Pressure
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Test Refused on Total Pressure 

on Total Pressure 

Test Refused on Total Pressure 

Test Refused on Total Pressure 

Test Refused on Total Pressure 
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3.5 TONNE EXCAVATOR 
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3.5 TONNE EXCAVATOR MOUNTED RIG 
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SOIL DESCRIPTION TABLES

GRANULAR SOILS (Sands and Gravels)

 

Description

Very Loose 

Loose 

Medium Dense 

Dense 

Very Dense 

 

 

COHESIVE SOILS (Clays) 

 

Description 

Very Soft 

Soft 

Firm 

Stiff 

Very stiff 

Hard 

 

(from Waltham, 2002) 

Appendix A 

SOIL DESCRIPTION TABLES 

 

GRANULAR SOILS (Sands and Gravels) 

Description Cone Resistance (qc) (MPa) 

0 – 2 

2 – 4 

4 – 12 

12 – 20 

>20 

Cone Resistance (qc) 

(MPa) 

Equivalent Su value from 
(kPa) 

0 – 0.3 0 –20 

0.3 – 0.5 20 – 40 

0.5 – 1.0 40 – 75 

1.0 – 2.0 75 – 150 

2.0-4.0 150-300 

>4.0 >300 
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EXPLANATION OF SYMBOLS

 

a (α) = area ratio of 

Ac = projected area of the cone

An = cross-sectional area of shaft

Bq = pore pressure parameter (=(

ch = horizontal coefficient of consolidation

Dr = 

relative density 

e = void ratio

eo = initial void 

emax = maximum void ratio

emin = minimum void ratio

fs = unit sleeve friction

FC = fines content

Ic = soil behaviour type index

Ir = rigidity index = 

mv = coefficient of volume change

M = constrained deformation modulus

N = no. Of blows

Nk or Nkt cone factor

N60 = SPT energy ratio

qc = measured cone resistance

qe = effective cone resistance = (

qn = net cone resistance = (

qt = corrected cone resistance = 

Qt = normalised cone resistance = (

Rf = friction ratio (=(

su = undrained shear strength

t50 = time for 50% dissipation of 

u0 = in situ pore pressure

u1 = pore pressure measured on the cone

u2 = pore pressure measured behind the cone

∆u = measured

φ = total friction ratio

  

Appendix A 

EXPLANATION OF SYMBOLS 

area ratio of the cone (=An/Ac) 

projected area of the cone 

sectional area of shaft 

pore pressure parameter (=(u2-u0)/(qt-σvo)) 

horizontal coefficient of consolidation 

relative density  

void ratio 

initial void ratio 

maximum void ratio 

minimum void ratio 

unit sleeve friction 

fines content 

soil behaviour type index 

rigidity index = G/su 

coefficient of volume change 

constrained deformation modulus 

no. Of blows in the SPT 

cone factor 

SPT energy ratio 

measured cone resistance 

effective cone resistance = (qt-u2) 

net cone resistance = (qt-σvo) 

corrected cone resistance = qc+(1-a)u2 

normalised cone resistance = (qt-σvo)/σ’vo 

friction ratio (=(fs/qc)×100%) 

undrained shear strength 

time for 50% dissipation of measured pore pressure 

in situ pore pressure 

pore pressure measured on the cone 

pore pressure measured behind the cone 

measured pore water pressure 

total friction ratio 
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Description

CPT 01 – CPT 07 (Printed on Form CPT0001) 
Estimated Soil Behaviour Type Plot

CPT 01 – CPT 07 (Printed on 
Measured Pore Pressure Plot
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CPT RESULTS 

 

 

LIST OF FIGURES 

 

 

Description Pages Included

(Printed on Form CPT0001) 
Soil Behaviour Type Plot 

7 

(Printed on Form CPT0002) 
Measured Pore Pressure Plot 

7 
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Sleeve Friction, fs (kPa) (based on Robertson et. al. (1986))
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Derived Fines Content, FC (%)

Sleeve Friction, fs (kPa) (based on Robertson et. al. (1986))
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Derived Fines Content, FC (%)
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Derived Fines Content, FC (%)
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Derived Fines Content, FC (%)
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Derived Fines Content, FC (%)

Sleeve Friction, fs (kPa) (based on Robertson et. al. (1986))
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Location Galway

Job Ref Galway

Borehole No BH03

Depth
Soil type
Sampling

Stage No.  1 2 3
Diameter mm 100
Height mm 200
Initial Moisture content % 52.0
Initial Bulk density kg/m3 1695
Initial dry density kg/m3 1115
Specific Gravity 2.6

Initial cell pressure kPa 50
Initial B value <0.95
Back pressure applied kPa 300
Period of saturation h 24
Final B value kPa 1

Cell pressure kPa 346 399 500
Back pressure kPa 302 300 205
Effective consolidation pressure kPa 44 99 295
Drainage conditions S/F/T/B
Period of consolidation h 69 51 71
Water content after consolidation% 41.3 36.8 32.2
Void ratio 1.075 0.956 0.837

Total cell pressure   kPa 346 399 500
Rate of strain %/h 0.15 0.16 0.21
Period of compression h 47 70 48

Mem. and side drains corrections kPa 3 3 3
Maximum deviator stress kPa 42 100 224
Pore water pressure kPa 333 368 424
Change in pore water pressure kPa 30.0 68.0 127.0
Strain at failure % 7.1 11.5 10.2
Minor principal total stress kPa 346 399 500
Major principal total stress kPa 388 499 724
Minor principal effective stress kPa 13 31 76
Major principal effective stress kPa 55 131 300

Af 0.71 0.68 0.57
c' (kPa)

' (degrees)
Critical ' (degrees)
Test carried out and checked by VS (QUB)

INITIAL CONDITIONS

SATURATION STAGE

CONSOLIDATION STAGE

CONDITIONS AT FAILURE

35

0

Tested in accordance with BS:1377 Part 8

6m
Soft grey Clay
U100

Consolidated undrained multistage triaxial test with pore water pressure measurements



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 6m
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Figure 1 Consolidation: Volume change vs square root time
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Figure  2 Degree of consolidation vs log time 



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 6m
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Figure 3 Deviator stress vs axial strain

Figure  4 Pore water pressure vs axial strain
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 6m
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Figure  5 Stress ratio vs axial strain



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 6m
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Figure  6  Deviator stress vs mean effective (stress paths)

Figure 7 t' vs s' (stress paths)
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 6m
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Figure 8 Change in pore water pressure vs change in mean stress

Figure  9 Deviator stress q vs mean effective stress at failure



Location Galway

Job Ref Galway

Borehole No BH05

Depth
Soil type
Sampling

Stage No.  1 2 3
Diameter mm 100
Height mm 200
Initial Moisture content % 56.2
Initial Bulk density kg/m3 1668
Initial dry density kg/m3 1068
Specific Gravity 2.6

Initial cell pressure kPa 50
Initial B value <0.95
Back pressure applied kPa 300
Period of saturation h 24
Final B value kPa 1

Cell pressure kPa 354 403 503
Back pressure kPa 303 301 205
Effective consolidation pressure kPa 51 102 298
Drainage conditions S/F/T/B
Period of consolidation h 72 49 70
Water content after consolidation% 46.4 42.3 34.8
Void ratio 1.207 1.100 0.904

Total cell pressure   kPa 354 403 503
Rate of strain %/h 0.10 0.16 0.19
Period of compression h 54 70 48

Mem. and side drains corrections kPa 3 3 3
Maximum deviator stress kPa 45 85 219
Pore water pressure kPa 341 381 434
Change in pore water pressure kPa 36.0 81.0 230.0
Strain at failure % 5.6 11.5 9.1
Minor principal total stress kPa 354 403 503
Major principal total stress kPa 399 488 722
Minor principal effective stress kPa 13 22 69
Major principal effective stress kPa 58 107 288

Af 0.80 0.95 1.05
c' (kPa)

' (degrees)
Critical ' (degrees)
Test carried out and checked by VS (QUB)

INITIAL CONDITIONS

SATURATION STAGE

CONSOLIDATION STAGE

CONDITIONS AT FAILURE

36

0

Tested in accordance with BS:1377 Part 8

6m
Soft grey Clay
U100

Consolidated undrained multistage triaxial test with pore water pressure measurements



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 6m
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Figure 1 Consolidation: Volume change vs square root time
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Figure  2 Degree of consolidation vs log time 



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 6m
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Figure 3 Deviator stress vs axial strain

Figure  4 Pore water pressure vs axial strain
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 6m
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Figure  5 Stress ratio vs axial strain



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 6m
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Figure  6  Deviator stress vs mean effective (stress paths)

Figure 7 t' vs s' (stress paths)
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 6m
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Figure 8 Change in pore water pressure vs change in mean stress

Figure  9 Deviator stress q vs mean effective stress at failure



Location Galway

Job Ref Galway

Borehole No BH05

Depth
Soil type
Sampling

Stage No.  1 2 3
Diameter mm 100
Height mm 200
Initial Moisture content % 35.8
Initial Bulk density kg/m3 1806
Initial dry density kg/m3 1330
Specific Gravity 2.6

Initial cell pressure kPa 50
Initial B value <0.95
Back pressure applied kPa 300
Period of saturation h 24
Final B value kPa 1

Cell pressure kPa 348 401 503
Back pressure kPa 300 303 303
Effective consolidation pressure kPa 48 98 200
Drainage conditions S/F/T/B
Period of consolidation h 57 45 40
Water content after consolidation% 26.6 22.3 18.5
Void ratio 0.691 0.579 0.482

Total cell pressure   kPa 348 401 503
Rate of strain %/h 0.12 0.12 0.13
Period of compression h 51 68 90

Mem. and side drains corrections kPa 3 3 3
Maximum deviator stress kPa 40 88 180
Pore water pressure kPa 334 372 440
Change in pore water pressure kPa 34.0 68.0 137.0
Strain at failure % 6 8.2 12
Minor principal total stress kPa 348 401 503
Major principal total stress kPa 388 489 683
Minor principal effective stress kPa 14 29 63
Major principal effective stress kPa 54 117 243

Af 0.85 0.77 0.76
c' (kPa)

' (degrees)
Critical ' (degrees)
Test carried out and checked by VS (QUB)

INITIAL CONDITIONS

SATURATION STAGE

CONSOLIDATION STAGE

CONDITIONS AT FAILURE

34

0

Tested in accordance with BS:1377 Part 8

3m
Very soft dark grey clayey silt
U100

Consolidated undrained multistage triaxial test with pore water pressure measurements



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 3m
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Figure 1 Consolidation: Volume change vs square root time
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Figure  2 Degree of consolidation vs log time 



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 3m
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Figure 3 Deviator stress vs axial strain

Figure  4 Pore water pressure vs axial strain
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements
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Figure  5 Stress ratio vs axial strain



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 3m
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Figure  6  Deviator stress vs mean effective (stress paths)

Figure 7 t' vs s' (stress paths)
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH05, Depth 3m
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Figure 8 Change in pore water pressure vs change in mean stress

Figure  9 Deviator stress q vs mean effective stress at failure



Location Galway

Job Ref Galway

Borehole No BH03

Depth
Soil type
Sampling

Stage No.  1 2 3
Diameter mm 100
Height mm 200
Initial Moisture content % 19.5
Initial Bulk density kg/m3 1590
Initial dry density kg/m3 1330
Specific Gravity 2.6

Initial cell pressure kPa 50
Initial B value <0.95
Back pressure applied kPa 300
Period of saturation h 24
Final B value kPa 1

Cell pressure kPa 349 401 500
Back pressure kPa 298 298 303
Effective consolidation pressure kPa 51 103 197
Drainage conditions S/F/T/B
Period of consolidation h 53 48 44
Water content after consolidation% 14.7 10.9 6.9
Void ratio 0.382 0.284 0.179

Total cell pressure   kPa 349 401 500
Rate of strain %/h 0.10 0.10 0.08
Period of compression h 51 66 90

Mem. and side drains corrections kPa 3 3 3
Maximum deviator stress kPa 70 104 168
Pore water pressure kPa 336 372 470
Change in pore water pressure kPa 38.0 74.0 172.0
Strain at failure % 5 6.4 6.8
Minor principal total stress kPa 349 401 500
Major principal total stress kPa 419 505 668
Minor principal effective stress kPa 13 29 30
Major principal effective stress kPa 83 133 198

Af 0.54 0.71 1.02
c' (kPa)

' (degrees)
Critical ' (degrees)
Test carried out and checked by VS (QUB)

Tested in accordance with BS:1377 Part 8

4m
Very soft dark grey clayey silt
U100

Consolidated undrained multistage triaxial test with pore water pressure measurements

38

0

INITIAL CONDITIONS

SATURATION STAGE

CONSOLIDATION STAGE

CONDITIONS AT FAILURE



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 4m
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Figure  2 Degree of consolidation vs log time 



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 4m
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Figure 3 Deviator stress vs axial strain

Figure  4 Pore water pressure vs axial strain
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 4m
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Figure  5 Stress ratio vs axial strain



Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 4m
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Figure  6  Deviator stress vs mean effective (stress paths)

Figure 7 t' vs s' (stress paths)
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Consolidated Undrained Multistage Triaxial Test With Pore Water Pressure Measurements

Ref 12‐161, BH03, Depth 4m
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Figure 8 Change in pore water pressure vs change in mean stress

Figure  9 Deviator stress q vs mean effective stress at failure































































































































































































K.A. Jones for Causeway Geotech Ltd 

Petrographic Description of Borehole Samples from Galway Harbour 

 

 

1. RC01 – 7.5 - 7.55mm 

 

i) Hand specimen:  

Rock is massive granite, consisting of irregular, interlocking aggregates of 

orthoclase feldspar (>40%), quartz (>10%), plagioclase feldspar (~20%) and a 

small amount of ferromagnesium mineral. All the minerals appear to be anhedral.  

Two very fine (<1 mm) discontinuous fractures are visible.  These have been 

filled by calcite but have not affected the mechanical strength of the rock, which is 

still classified as very to extremely strong. 

 

ii) Thin section:   

Plane-polarized light (Fig. 1a) 

  Ferromagnesian mineral seen to be magnetite and aggregates of chloritized biotite. 

    

Crossed polars (Fig. 1b) 

 Feldspar shows small amount of sericilization (hydrothermal alteration) and some 

very small incipient fracturing, which is very common even in igneous rocks and 

would not affect the mechanical strength significantly.  The plagioclase feldspar is 

seen to be oligoclase (very low extinction angle). 

  The crystals are all anhedral and interlocking giving a very strong structure. 

 

2. RC02, 14.2 m   

 

i) Hand specimen: 

 

Rock is granite composed of orthoclase feldspar (~40%), plagioclase feldspar 

(occurring in elongate, irregular aggregates), quartz (clear, glassy) and very fine 

grained green material scattered throughout rock but particularly visible along thin, 

discontinuous, incipient fractures. 

The rock (hammer test) is clearly very to extremely strong mechanically. 

 



K.A. Jones for Causeway Geotech Ltd 

ii) Thin section:    

Plane-polarized light (Fig. 2a) 

Feldspar shows slight cloudiness due to hydrothermal alteration.  Thin fracture filled 

with calcite occurs across the field of view.  One crystal of hornblende is visible. 

  

 Crossed polars (Fig. 2b) 

Texture is seen to be interlocking mosaic of anhedral crystals of quartz, orthoclase 

and plagioclase feldspar, slightly sericitized. 

 

3. RC03 11.9 – 12.0m 

i) Hand specimen: 

 

Rock is granite composed of interlocking anhedral crystals of approximately equal 

amounts of orthoclase and plagioclase feldspar (~80%), quartz (>10%) and a small 

amount of pale green mineral.  The rock shows incipient, very fine and 

discontinuous rocks, but this would not have weakened it to less than very to 

extremely strong. 

 

ii) Thin section    

Plane-polarized light (Fig. 3a) 

 Colourless, cloudy feldspar (hydrothermally altered) is the dominant component of 

rock, followed by clear, colourless quartz and a few percent of hornblende and fine-

grained irregular aggregates of chlorite and magnetite (probably originally biotite 

(but now hydrothermally altered) associated with magnetite.    

 

Crossed polars (Fig. 3b) 

Rock shows granular sutured mosaic of anhydral, orthoclase (dominant) and 

subsidiary plagioclase (oligoclase) and quartz.  The feldspar shows incipient 

alteration to seriate. 

The rock is classed as very to extremely strong with little sign of incipient factures 

in this thin section.  

 






















