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1. INTRODUCTION:  

The site under consideration geographically located on the South-Western coast of the island 

within the Carlisle Bay, which stretches from Needham’s Point to the Bridgetown Harbour. This 

site was previously occupied by the former Harbour Police Building, later to house The BayShore 

Complex and Detco Motors. See Map 1. The site is located in the city of Bridgetown which is 

situated around the mouth of the Constitution River and along the coast at Carlisle Bay.  

The purpose of this report is to provide a geotechnical assessment of the site for an 

understanding of the site stability, for a preliminary foundation engineering design and for 

project assessment by the regulatory agencies of the Barbados Government, notably the Town 

and Country Planning Department.  

It is proposed to construct a hotel complex covering the entire site and going fifteen (15) levels 

above-grade. 

2. METHODOLOGY:  

The investigations were carried out by the following methods:  

1. A desk-top study of existing data on the geology and topography of the area.  

2. The running of six (6) electrical resistivity profiles across the site.  

3. The drilling and sampling of three (3) bore-holes on the site.  

4. Laboratory testing of selected samples.  

5. Observations on existing buildings in the immediate surroundings  

3.GEOLOGY:  

Geologically, the Carlisle Bay Bridgetown region occupies the mouth of the St. George Valley, 

where it enters the coastline. This Valley separates the higher northern part of the island from 

the Christ Church dome. It is a low-lying area which is drained by the Constitution River, which 

enters the coastline at the Carlisle Bay. Map 3 – Shows the St. George Valley and The uplands 

to the North and South.  

This Bay is the largest coastal embayment on the island, stretching from some 3 km, from 

Needham’s Point to the Bridgetown Harbour. Almost the entire bayshore is occupied by a 



bayhead beach stretching from Needham’s Point to the Pierhead point where the Constitution 

River enters the sea.  

As a low-lying coastal area, it is anticipated that this area will be one of relatively thick alluvial 

soils and /or coastal carbonate sands (from the surrounding carbonate hinterland).  

Existing geological map data estimates that the carbonate sands and limestone material are some 

fifty (50) to sixty (60) metres (164 to 197 feet) thick in this area. This entire thickness will be 

composed of carbonate sands, reef and reef-rubble material, generally loose and unconsolidated 

at surface, becoming denser and more consolidated (better cemented) with depth, and 

eventually ending as a consolidated reef rubble limestone at the base of the carbonate sequence 

(around fifty (50) to sixty (60) metres depth). This sequence overlies the Oceanic clay formation, 

which is over six hundred (600) metres (two thousand (2000) feet) thick.  

This is an environment of geologically young, soft sediment limestone, which is fully saturated 

with ground-water. No caves are expected in this environment.  

This geological discussion has been based on geological work done for the Government of 

Barbados over the past several decades – See References,  

Coastal Geomorphology:  

Coastal processes along the shoreline of Barbados are dominated by trade-wind (N.E. trades) 

generated waves occurring throughout the year. The waves refract over the near shore reefs and 

transport beach and nearshore sediments, westward along the south coast and southward along 

the west coast thus causing a strong westward and southerly sediment transport along these 

coasts respectively. See Map 2 

The merger of these two sediment batches occurs in the region between Brighton Beach and 

Needham’s Point (this of course includes Carlisle Bay), thus causing large sediment build up in 

this area. It has been estimated by DELCAN 1994, that between 1954 and 1991 the beach area 

on the South coast, including Carlisle Bay has increased from 175,000 metres cube to 236,000 

metres cube – an increase of 35%.  

It would appear therefore as though the site is located in a stable beach setting where sediment 

accumulation has been dominant over the past few decades and can be forecast to be stable 

over the short to medium term, at least not withstanding major and/or prolonged erosional 

events such as a severe hurricane season or a tsunami.  

 

 



 

Hydrogeology:  

The site lies at the mouth of the St. George Valley where it enters the Carlisle Bay coastline as 

mentioned earlier. This Valley is occupied by a large phreatic (water table) aquifer which drains 

fresh ground water into the sea at the coastline. The outflowing fresh water sits on top of an 

intruded wedge of sea water. See Map 3 and cross section at fig.3  

The water table at the site lies at a depth of some 2.13 metres (7.0 feet) below the ground 

surface. The ground elevation lies at 2.2 metres (7.22 feet) a.m.s.l this gives a water table 

elevation of 0.07metres (0.23 feet) a.m.s.l In accordance with Ghyben Herzberg principle, we can 

expect approximately 9.5 feet of fresh water under this site. This will overlay the intruded sea 

water which will occupy the limestone aquifer down to its base at fifty (50) to sixty (60) metres 

(164 – 197 feet) depth.  

It should also be noted that the site is located in a “zone 5” in accordance with the Barbados 

Water Authority’s ground water zone classification. This essentially means that there are minimal 

restrictions for building construction, with respect to ground water.  

Drainage:  

The entire area and its environs are generally flat. There is a very small slope dipping coastwards 

from Nelson Street, with a gradient of approximately 1:92. This facilitates the public storm water 

drainage system, which drains excess storm water into the nearshore. The proposed property 

will cover one of these drains which will need to be redesigned.  

There will also be the need to consult with the regulatory agencies Town and Country Planning 

and the Environmental Protection Departments for the treatment and disposal of domestically 

generated waste water 

 

4 GEOTECHNICAL:  

The geotechnical investigations comprised field studies and analysis of the same. The field studies 

were as follows:  

1. The running of six (6) Electrical Resistivity lines in a grid across the site as shown on Map 4  

2. The drilling of three (3) boreholes on the site:  



Borehole 1 – was drilled to (100 feet) with split-spoon samples taken at approximately five (5) 

foot intervals.  

This hole was drilled using a casing advancement bit and the split-spoon sampler which took two-

foot samples and “N” values were recorded.  

Borehole 2 – was drilled to fifty (50) feet using a tungsten drill bit. Only grab samples were taken. 

There were no blow counts or split spoon samples.  

Borehole 3 – was drilled to thirty-seven (37) feet, using a casing advancement bit and the split 

spoon sampler. The bit was damaged at 37ft due to the hardness of the coral limestone; probably 

an AcroporaPalmatacoral and drilling was curtailed.  

3. Selected samples were taken on borehole 1 for lab analysis.  

Electrical Resistivity (E.R) Line Analysis:  

The results of the E.R. Survey are discussed below. The profiles are shown in Appendix 2.  

A total of six (6) electrical resistivity (E.R.) lines were run through the site at Bay street Barbados 

to carry out a primarily non-intrusive survey on the subsurface. The site was divided into a rough 

grid taking into account environmental challenges (steel and concrete obstructions across the 

site). See Map 5.  

 E.R.1  

A South-East to North-West oriented line located just outside of the South-west boundary of the 

site.  

This line was run approximately parallel to the coast line, running from the Liquidation Centre, 

115 metres to the Boatyard. 

Analysis of this ER line shows approximately 3 metres of unconsolidated sands at the surface, 

down to a brackish zone. This brackish zone is observed on the electrical resistivity profile as a 

zone of low resistivity from an average of 3 metres to 11 metres depth. The sediment within this 

zone, most likely comprises of course, sandy limestone with patches of reef material. This zone 

is likely to have intermittent silty sand lenses,  

At a depth of 18 metres, a zone of moderate to well- consolidated sediment can be observed. 

This sediment is likely to be fine grained carbonate sands.  

 ER 2  

A South-East to North-West oriented line located just inside of the South- West boundary.  



This line was run approximately parallel to the coast line, running from The Liquidation Center, 

70 meters to The Boatyard.  

Analysis of this ER line shows the first 2 meters depth being dominated by manmade features 

including concrete and steel padding and support beams. Immediately beneath this construction 

based layer a zone of lower resistive material can be observed. This low resistivity zone is most 

likely associated with unconsolidated sand stones with intermediate alluvial sediment including 

peat.  

A storm drain approximately 1.5 meter deep by 1 meter width runs through the site from North-

East to South-West. This drain may cause high resistivity at the surface and low resistivity 

associated with the concentration of moist fine grained sediment which intermittently flows 

through it during periods of heavy rain fall.  

 ER 3  

A South-East to North-West oriented line located just inside of the North-East boundary.  

This line was run approximately parallel to the road way, running from The Liquidation Center, 

70 meters to The Boatyard.  

Analysis of this ER line shows the first 2 meters depth being dominated by marl fill under paved 

car park area. Immediately beneath this construction based layer (2-5 meters) a zone of lower 

resistive material can be observed. This low resistivity zone is most likely associated with 

unconsolidated sand stones with intermediate alluvial sediment including peat.  

A storm drain approximately 1.5 meter deep by 1 meter width runs through the site from North 

to south. This drain may cause high resistivity at the surface and low resistivity associated with 

the concentration of moist fine grained sediment which intermittently flows through in during 

periods of heavy rain fall. 

• ER 4  

A South-East to North-West oriented line located in the center of the site, running from The 

Liquidation Center, 70 meters to The Boatyard.  

The north western section of the site is dominated by fine grained carbonate sands with 

intermittent silty sand lenses.  

The South east of the site has an area of relatively denser material at 7 meters which is most 

likely a zone of moderate to well-consolidated carbonate sediment.  



A storm drain approximately 1.5 meter deep by 1 meter width runs through the site from North-

East to South-West. This drain may show low resistivity associated with the concentration of 

moist fine grained sediment which intermittently flows through in during periods of heavy rain 

fall.  

ER 5  

A South-West to North-East oriented line located just inside of the North-West boundary.  

This line was run approximately perpendicular to the coast line for a distance of 65 meters.  

Analysis of this ER line shows the first 2 meters depth being dominated by manmade features 

including concrete and steel padding underlain by moderately consolidated marl fill. Immediately 

beneath this construction based layer a zone of relatively denser material at 7 meters which is 

most likely a zone of moderate to well-consolidated carbonate sediment spans the length of the 

line.  

An area of dense coral (A. Palmata from split spoon sample) was observed at 7 meters towards 

the south-western end of the line.  

In the central region of this line the sediment begins to become less consolidated with depth this 

may be associated with a sandy reef lens.  

 ER 6  

A South-West to North-East oriented line located just inside of the South-East boundary.  

This line was run approximately perpendicular to the coast line for a distance of 60 meters.  

Analysis of this ER line shows the first 2 meters depth being dominated by manmade features 

including concrete and steel padding underlain by moderately consolidated marl fill. Immediately 

beneath this construction based layer a zone of relatively denser material at 7 meters which is 

most likely a zone of moderate to well consolidated carbonate sediment. 

The E.R profiles show a graduation from lower resistivity to relatively higher resistivity material 

at depth. The upper 1-3 meters is generally dominated by man-made high resistivity anomalies, 

likely due to the steel and concrete across the site.  

The influence of the saline coastal environment can also be observed at depth in the E.R profiles.  

Borehole Drilling Program:  

As noted above, three (3) boreholes were drilled as shown on Map 4. The borehole logs are 

shown at Appendix 3.  



Apart from the sample material being examined and described Blow counts (“N” values) were 

taken at two (2) and five (5) foot intervals with the standard split spoon sampler and weight drop 

method.  

From an analysis of the blow counts and the samples, the site can generally be sub-divided into 

three (3) layers.  

1. A surface layer of approximately 2 metres (6 –7 ft.) of limestone fill material  

2. A layer of silty poorly sorted carbonate sands between two (2) and ten (10) metres (7 - 30 ft.). 

This layer contains alluvial material and peat was seen in borehole # 1. Blow counts in this zone 

were low, being less than 15, (as seen in Borehole #1), There are occasional irregular reef rubble 

lenses in this zone, which would be harder and more resistant – Sample #6  

3. A third layer, below 8–10 metres (25 – 35 ft), suggests that the section becomes somewhat 

denser and more consolidated with depth. The carbonate sands are now coarse to medium 

grained, better sorted and there is now coarser reef rubble material, and even insitu corals.  

Blow counts are also generally higher, being in the 20 to 50 range. Again the occasional lens of 

silty carbonate sand may be encountered – e.g. BH 1 Sample #11  

The borehole analysis generally corroborates the electrical resistivity results. 

 

Engineer’s Comments:  

The data from the electrical resistivity and the borehole drilling were reviewed and comments 

made by our engineering consultants Mahy, Ridley &Hazzard engineers. These brief comments 

are attached as Appendix 4. Essentially, they indicated that further investigations would have to 

be done before final selection and design of the foundations; however, the layers of low “N” 

values suggest that some form of pile type foundations would be required for these ‘rock’ 

conditions.  

Observation of the surrounding buildings:  

The Liquidation Centre is situated immediately adjacent to the Northern boundary of the site and 

has a vertical height equivalent to a three (3) storey building. This shows a major structural crack 

throughout its vertical height. This may be due to poor foundation design.  

No major structural cracks were however seen, either in the Bethel Methodist church building to 

the immediate North-east, or in the London Bourne Towers Complex to the South-east; both of 

these being large buildings in the same geological environment.  



These comments suggest that while the shallow subsurface, down to approximately 30 feet, is 

composed of relatively “soft” sediments, large buildings may still be supported once subjected 

to the necessary rigorous engineering design. 

5 CONCLUSION/SUMMARY:  

The following conclusions can be drawn from the foregoing discussions:  

1. The site is in a low elevation, flat topography, and coastal environment. It is situated on a 

bayhead beach that is in a stable and accreting mode.  

2. The site is located in a ‘young” geological environment, being characterized by carbonate 

sediments ranging from fine grained alluvial material to coarse carbonate sands and reef rubble 

limestone. It is largely a soft sediment environment down to around metres (50 ft.) from where 

it increases in density and cohesion with depth.  

3. It is situated in a coastal phreatic aquifer with a shallow water table.  

4. This is not an environment where caves would be expected to develop,  

5. The borehole work and the electrical resistivity results (generally low resistivities and variable 

“N” values) support the geological analysis.  

6. The engineering consultant has indicated that further engineering tests will have to be done 

for detailed foundation design.  

It should be noted that a number of laboratory tests have been commissioned, but are not yet 

available, and will be submitted later as APPENDIX 5. 

APPENDICES  

1. - Maps  

2. - E.R. Lines  

3. - Borehole Logs  

4. - Engineer’s Comments  

5. - Lab Tests Results  

6. - Photos  

 



 

 

 

Appendix 1.    Maps 

 



 



 

 



 

 



 

 



Appendix 2  

Electrical Resistivity Profiles 

 



 

 



 

 



 



 

 



 

 

Appendix 3  



Bore Hole Logs 

 

 

 



 

 



 

 



 

 



 



 



 



 

 



 

 



Appendix 4  

Engineer’s Comments 

 



 



 



Appendix 5  

Lab Tests Results 

 

 

  

Appendix 6 

Client Subsuface Imaging Co. LTD. Boring BH-1
Client Project Bayshore Barbados Depth 8.0'-10.0'
Project No. 36991 Sample #5

Lab Sample 36991001
Sample Color: DARK GRAY
USCS Group Name: CLAYEY SAND
USCS Group Symbol: SC USDA: NA AASHTO: A-2-7 (0)

Sieve Nominal Dry Project
Total Sample Wet Wt, gm (-3") 437 Size Opening, mm Wt, gm % Retained % Finer Specifications
Sample Split on Sieve No. 4 3" 75 0 0.0% 100.0%
Coarse Washed Dry Sample, gm 38 2-1/2" 63 0 0.0% 100.0%
Wet Wt Passing Split, gm 399 2" 50 0 0.0% 100.0%
Dry Wt. Passing Split, gm 326 1-1/2" 37.5 0 0.0% 100.0%
Total Sample Dry Wt, gm 364 1" 25 12.79 3.5% 96.5%

4.75 89.4% 3/4" 19 9.63 2.6% 93.8%
1/2" 12.5 3.24 0.9% 93.0%

Tare No. 2050 3/8" 9.5 2.76 0.8% 92.2%
Tare + WS., gm 338.47 No. 4 4.75 10.04 2.8% 89.4%
Tare + DS., gm 304.45 No. 10 2 3.4 2.0% 87.4%

Tare, gm 152.66 No. 20 0.85 10.15 6.0% 81.5%
Water Content of Split Sample 22.4% No. 40 0.425 37.49 22.1% 59.4%
Wt. of DS., gm 151.79 No. 60 0.25 35.03 20.6% 38.7%

No. 140 0.106 41.67 24.6% 14.2%
Wt. of +#200 Sample, gm 130.71 No. 200 0.075 2.97 1.7% 12.4%

% Gravel (-3" & +#4) 10.6 Silt=NA  Clay=NA
Coarse=6.2; Fine=4.4 D60, mm NA
% Sand (-#4 & +#200) 77.0 D30, mm NA
Coarse=2; Medium=28.1; Fine=46.9 D10, mm NA Wt Ret, gm % Retained % Finer
% Fines (-#200) 12.4 Cc NA 12" Sieve - 300 mm 0 0.0 100.0
% Plus #200 (-3") 87.6 Cu NA 6" Sieve - 150 mm 0 0.0 100.0

3" Sieve - 75 mm 0 0.0 100.0

Input Validation Yes Reviewed By: SVG Date Tested 2/5/2016

PARTICLE-SIZE ANALYSIS OF SOILS - ASTM D422

MECHANICAL SIEVE
Total Sample Split Normalized

Split Sample -  Passing No. 4

USCS SOIL CLASSIFICATION
Corrected For 100% Passing a 3" Sieve USCS Description

CLAYEY SAND

USCS Group Symbol Atterberg Limits Group Symbol
SC CH - FAT CLAY

Auxiliary Information

COPYRIGHT © 2015   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309
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Photos 

 

 

 

 

 

 



Photos showing various borehole samples 
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