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Abstract 
The object of this paper was to investigate whether a marine durable concrete could be 
produced that could ultimately be used in floating wind farm foundations to reduce long term 
costs. It was investigated if sea water and sea sand were a suitable alternative to sand and 
fresh water in concrete alongside the use of CFRP (Carbon fibre reinforced polymer) as a 
replacement for steel. Sea water and sea sand concrete was produced alongside fresh water 
and sea sand concrete. The compressive and tensile performance of the two concretes were 
tested and compared at 7, 14 and 28 days. Additionally, the flexural performance of CFRP 
reinforced concrete beams were tested at 28 days. It was found that the use of sea water 
produced an increase in performance of compressive and tensile strength at 7, 14 and 28 
days compared with fresh water. For these tests, increases of 7.3 and 6.4% respectively were 
found from the sea water concrete at 28 days. It was also found that the flexural strength of 
sea water concrete was 18.3% higher than fresh water concrete. However, reliability of the 
flexural test results for fresh water concrete was low and so more testing would be needed to 
reliably confirm this. In conclusion, the findings show that if using CFRP as a replacement for 
steel reinforcement in concrete, the use of sea water over fresh water would be beneficial and 
provide considerable performance gains. 
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Introduction 
WWAP (2018) estimates global water demand will rise to 6000km3 by 2050. This is an 
increase of 30% from current usage estimates of 4600 km3 per year. Ridoutt and 
Pfister (2010) state that one billion people do not have access to clean drinking water. 
There is also increasing pressure on fresh water supply due to rising population, 
climate change etc. In addition, Solidia Technologies (2018) states “overall water 
consumed annually during OPC-based concrete production is estimated to be 
between 2.15 to 2.6 billion tons”. This doesn’t include water also required in the 
production process which Miller, Horvath and Monteiro (2018) claim to be 16.6km3 
annually based on 2012 concrete consumption values. Clearly, there is already a huge 
strain on the global fresh water supply, a significant proportion of which can be 
attributed to concrete production. 
 
Furthermore, it is estimated that yearly global sand consumption is as high as 20 billion 
tonnes, the second most used natural resource, second only to fresh water (Tweedie, 
2018). Half of this is estimated to be used in concrete production. Sand reserves are 
declining, and illegal sand mining has become a global problem. Additionally, the world 
is looking to move from oil and gas to renewable energy sources. One alternative is 
wind energy. Currently offshore wind farms are built in shallow waters where the 
foundations can be built on the seabed. Shallow waters are limited, and furthermore 
deeper waters offer more consistent and stronger winds, reduced visual pollution and 
less interference with shipping lanes. However, wind farms in deeper water are 
currently too expensive and so one alternative to this is to develop floating wind farm 
foundations. “The global market for such turbines is potentially enormous, depending 
on how low we can press costs” said Gjorv (2009). A marine durable concrete would 
reduce maintenance and increase life expectancy leading to long term savings. 
 
To produce a marine durable concrete, it is possible that carbon fibre could be used 
for the reinforcement. It could be assumed that carbon fibre would be resistant to the 
corrosion normally associated with steel reinforcement in concrete. Therefore, could 
standard sand and fresh water be replaced with sea sand and sea water, hence 
reducing the pressure on these highly in demand materials whilst also reducing costs 
and environmental impact. 

Methodology 

Mix Design 

Cement 
Hanson High Strength cement, class CEM I 52.5N was used. This was chosen due to 
being widely available in the lab. 

Sand 
Marine dredged sand was used. Initial tests showed this contained very little salt 
content so was likely washed with fresh water rather than naturally drained. The sand 
was oven dried before use. A sieve analysis was also carried out to grade the sand. A 
250g sample of sand was added to the sieves seen in Figure 1 and sieved using the 
Capco shaker for 10 minutes (Figure 2). 
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Figure 1: (left) Sieve selection 
Figure 2: (right) Sieves on the shaker 

No sand grading was supplied by the manufacturer so the results could not be 
compared but the particle size distribution is shown in Table 1. 

Table 1: Particle size distribution of sea sand 

Sieve size (mm) 2 1 0.5 0.4 0.315 0.250 0.125 0.063 
Cumulative retained (%) 0.06 0.26 7.89 31.22 68.59 87.79 99.92 99.96 

 
A graphical representation of the particle size distribution is shown in Figure 3.  

 
 

Figure 3: Particle size distribution 

0.00

20.00

40.00

60.00

80.00

100.00

0 0.5 1 1.5 2

Cu
m

ul
at

iv
e 

pa
ss

in
g 

(%
)

Sieve size (mm)

Sieve analysis of sea sand
























































