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CHAPTER 1: 
 

MATERIALS THE MARINE ENVIRONMENT 
(This chapter is adapted from Swain (1996) and Schultz (1997)) 

 
1.1 Characterization of Seawater 
1.2 Organic Matter and Biology 
1.3 The Physical Environment 
1.4 Classification of Marine Environments 
1.5 Corrosion factors for Carbon Steel in Marine Environments 
1.6 Historical Perspective 

 
Materials used in marine environments are subject to chemical, physical, and biological 
deterioration.  These factors make materials selection, design, and protection critical to the 
effective and safe functioning of a structure, vessel, or component for its design life.  An 
understanding of the marine environment and its impact on materials is essential to anyone 
working in these areas. 
 
1.1 Characterization of Seawater 
 
Seawater Composition 
Seawater is a complex solution of inorganic, organic, and biological components.  These can 
interact with materials to cause corrosion and to degrade their properties. 
 
Inorganic Components 
The typical composition of sea water is shown below, but it must be remembered that in tropical 
waters higher salinities may be experienced. And, in coastal waters, the complete spectrum from 
fresh to sea water is found.  One must also account for temperature differences, redox potential, 
and physical activity. 
 

CHEMICAL COMPOSITION OF SEAWATER, 19ppt Chlorinity 
Salinity (ppt) = 0.03 + 1.805 Cl- 

Anions g/kg of water Cation g/kg of water 
Chloride 19.35 Sodium 10.76 
Sulfate 2.70 Magnesium 1.29 
Bicarbonate 0.14 Calcium 0.41 
Bromide 0.067 Potassium 0.39 
Borate 0.0044 Strontium 0.0079 
Fluoride 0.0014   

 
Swain, G.W.  (1996)  “OCE-4518 Protection of Marine Materials Class Notes”, Florida Institute of Technology. 
Schultz, M.P.  (1997)  “OCE-4518 Protection of Marine Materials Class Notes”, Florida Institute of Technology. 
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Specific Conductance of Seawater 
The specific conductance of seawater relates to its ability to conduct electricity.  This has 
implications to corrosion rates and cathodic protection. Specific conductance is a function of 
temperature and chlorinity.  Resistance is the reciprocal of conductance. 
 

Table of the Specific Conductance of Seawater (-1cm-1) 
Chlorinity, ppt Temperature, oC 
 0 5 10 15 20 30 
1 0.001839 0.002134 0.002439 0.002763 0.003091 0.003431 
2 0.003556 0.004125 0.004714 0.005338 0.005971 0.006628 
3 0.005187 0.006016 0.006872 0.007778 0.008702 0.009658 
4 0.006758 0.007845 0.008958 0.010133 0.011337 0.012583 
5 0.008327 0.009653 0.011019 0.012459 0.013939 0.015471 
6 0.009878 0.011444 0.013063 0.014758 0.016512 0.018324 
7 0.011404 0.013203 0.015069 0.017015 0.019035 0.021121 
8 0.012905 0.014934 0.017042 0.019235 0.021514 0.023868 
9 0.014388 0.016641 0.018986 0.021423 0.023957 0.026573 
10 0.015852 0.018329 0.020906 0.023584 0.026367 0.029242 
11 0.017304 0.020000 0.022804 0.025722 0.028749 0.031879 
12 0.018741 0.021655 0.024684 0.027841 0.031109 0.034489 
13 0.020167 0.023297 0.026548 0.029940 0.033447 0.037075 
14 0.021585 0.024929 0.028397 0.032024 0.035765 0.039638 
15 0.022993 0.026548 0.030231 0.034090 0.038065 0.042180 
16 0.024393 0.028156 0.032050 0.036138 0.040345 0.044701 
17 0.025783 0.029753 0.033855 0.038168 0.042606 0.047201 
18 0.027162 0.031336 0.035644 0.040176 0.044844 0.049677 
19 0.028530 0.032903 0.037415 0.042158 0.047058 0.052127 
20 0.029885 0.034454 0.039167 0.044114 0.049248 0.054551 
21 0.031227 0.035989 0.040900 0.046044 0.051414 0.056949 
22 0.032556 0.037508 0.042614 0.047948 0.053556 0.059321 

 
 
Dissolved Gases 
All gases present in the atmosphere are also found in seawater.  They are, however, at a lower 
partial pressure due to their limited solubility in seawater.  In general the only gases normally 
considered are nitrogen (because of its overwhelming percentage) and oxygen and carbon dioxide 
because of their importance in corrosion.  Other gases, such as ammonia, hydrogen sulfide, and 
hydrogen also have important implications to materials performance. 
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Solubility of Oxygen in Seawater 
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Seawater pH 
The pH of surface waters typically is in the range 7.8 to 8.4.  This value is maintained by the effect 
of the carbonate equilibria and the presence of cations; Ca, Mg, Na, & K.  The addition of CO2, a 
decrease in temperature or an increase in pressure will cause the pH to fall.  The removal of CO2, 
an increase in temperature, or a decrease in pressure will cause the pH to rise.  Seawater pH effects 
the corrosion rates of metals, and alters the calcareous deposits formed at metals cathodes. 
 
Seawater Temperature 
The surface water temperatures varies from about -1.8 C at the poles to 30 C at the equator.  The 
water in the deep ocean has a more constant temperature of about 4 C except where thermal vents 
are active in the seabed.  Higher temperatures will be found at heat exchangers and desalination 
plants 
 
An increase in temperature increases seawater conductivity and decreases oxygen concentration.  
This effects corrosion rates.  Increases in temperature also  reduces the mechanical properties of 
thermoplastics. 
 
A decrease in temperature may cause materials to become brittle and many failures of steel 
structures have been attributed to brittle fracture a low temperature. 
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Typical Profiles of Oxygen, Temperature, and Salinity in the Ocean. 
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1.2 Organic Matter and Biology 
 
Organic matter and marine organisms are generally more abundant in coastal areas.  Their impact 
on materials may be due to biodegradation, microbial induced corrosion (MIC), wood boring, or 
biofouling.  Their impact to the design life and operational efficiencies of structures is often 
underestimated, and materials selection or biological control may be necessary. 
 
Penetration of Water by Visible Light. 
This limits the Depth to which Plant Life can Grow 
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The Size and Shape of Typical Fouling Organisms 
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1.3 The Physical Environment 
 
Materials used in ocean engineering have to withstand the physical conditions imposed on them 
by wind, waves and currents.  These cause loading, stress, fatigue, scour, abrasion, and impact 
damage. 
 
Beaufort Wind Scale and Sea State 

 
 
  



EN380 Naval Materials Science and Engineering Course Notes, U.S. Naval Academy 
 

1 - 9 

Wind, Wave and Current Effects on Offshore Structures 

 
 

 
 

1.4 Classification of Marine Environments 
 
For engineering and corrosion control purposes the marine environment may be divided into the 
following regions; atmospheric zone, splash zone, tidal zone, submerged zone, and mud or 
sediment line.  These environments have been described with respect to their effect on steel. 
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1.5 Corrosion factors for Carbon Steel in Marine Environments 
 
Atmospheric Corrosion 
Atmospheres may broadly be divided into rural, industrial and marine.  The most corrosive are the 
marine environments and if augmented by industrial pollution (acid rain) then severe corrosion 
will occur.  A good local example is the problems associated with the HCl produced by the solid 
rocket boosters from the shuttle launch at Cape Canaveral.  This has played havoc with corrosion 
of the steel rocket gantries which traditionally used zinc as a coating to protect the steel from the 
marine environment.  The zinc is now dissolved by the acid fall-out. 
 

Typical atmospheric corrosion rates for various locations 

 
 
Splash Zone Corrosion 
This is considered to be the most corrosive of all marine environments.  Field data provides the 
following guidelines for different environments. 
 
 Condition   Years Exposure   Rate, mpy 
 Quiet     5     20 
 Moderate    5     37 
 Rough     4     55 
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Immersed Corrosion 
The factors affecting the corrosion of steel in the immersed condition are shown below 
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1.6 Historical Perspective 

 
The marine environment has provided a challenge to engineers for thousands of years.  The earliest 
surving boat is the Khufu Barge, discovered in a pit next to the great pyramid of Egypt, dated 
around 2500 BC.  This boat was over 143 feet long, demonstrating the skill of Naval Architects 
over 4500 years ago.  It was constructed out of Cedar, a rot-resistant wood that grew in Lebanon.  
The hull timbers were lashed together with rope.  Part of this was because of the extreme expense 
of metal fasteners. 
 

  
Khufu barge, Egypt, 2500 BC, Dimensions: 43.6 m x 5.9 m [143 ft. x 19.5 ft.] Material: wood 
 
Bronze and Copper 
The bronze age dates from around 2000-500 BC.  Copper and Bronze found their way into marine 
design in terms of small nails (large nails were made of wood “tree nails” or “trunnels”), and in 
specialized castings.  For instance, Greek Triremes used bronze rams to sink other ships. 
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Iron 
 
Historically, Iron was in short supply.  A knife found in the tomb of King Tut was determined by 
scientists to be of meteorite origin.  The ability to process iron ore into tools and weapons was a 
major challenge.  The “Iron age” began somewhere around 1000 – 500 BC depending on the 
locality.  Iron weapons were of strategic importance, and there was significant geopolitical change 
during this period. 
 
While iron was used in fasteners and reinforcements for ships for a very long time, wood was the 
most important building material for ships from pre-history until the 1800’s when iron became 
available in large plates, and ships such as the Great Britain (1838 designed by I.K. Brunel) were 
constructed.  This ship was 322' long, 50' 6" wide and displaced 3,680 LT.  She had an iron keel 
1" thick and 21" wide and hull plate 3/8 to 3/4" thick and riveted to frames of angle iron.  The iron 
enabled larger ships to be built and supported the increasingly powerful steam ships. 

 
Great Britian 

 
The British Navy was slow to convert to iron for two reasons.  Firstly a cannon ball fired at close 
range could easily penetrate 3/4" iron plate and yet 8" of oak would effectively stop it.  Secondly, 
copper had successfully been used for many years as a means of preventing fouling.  The 
corresponding loss in performance and the galvanic action between iron and steel, however, caused 
the steel to corrode and the copper to lose its antifouling qualities.  This situation remained until 
satisfactory copper based antifouling coatings were produced. 
 
Steel 
Iron was eventually replaced by steel.  Prior to the early 1940's most steels used in construction 
were low carbon steels (y = 32 ksi).  These performed well but there were occasions when the 
steel failed by brittle fracture.  The most notable of these occurred in welded cargo ships and 
tankers built in the USA during the World War II.  Of about 5,000 ships built, over 1,000 had 
experienced structural failures within three years of construction.  About 20 ships actually broke 
in two.  This lead to the American Bureau of Shipping or ABS (1948) specifying notch toughness 
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requirements for hull steel and specifying grades and steel making practices.  The improvements 
to steel were furthered by submarine development which led to the use of high tensile strength 
(HTS) steels with yield strengths of 50 ksi, and now HY80, HY100 and HY120 steels are 
commonly used for offshore applications. 

 
USS Virginia (SSN 774) 

 
Other Alloys 
Other alloys have been used for ship hull construction.  Aluminum, discovered by Hans Oersted, 
University of Copenhagen, 1825, is commonly applied to marine structures.  The first boat built 
out of aluminum was in 1890, Zepher a 17' launch.  The early alloys used copper as an alloying 
agent and as such were unsuitable for marine service. However, the Washington Disarmament 
Conference, 1922, limited the total navy displacements and this revived interest in aluminum as a 
construction material.  By 1940, aluminum was used in about 100 US warships as weight saving 
material, mainly for topside applications.  For example the USS Independence (aircraft carrier) 
contains 2.25 million lbs of aluminum which saved 2 million lbs in weight.  In 1951, the USS 
United States used 2,000 tons of aluminum, saving 8,000 tons in weight.  Today aluminum is being 
used in many applications where weight savings are desired, such as the entire hull structure of the 
Littoral Combat Ships. 
 

 
USS Independence (LCS 2) 

 
 
Accompanying the development of the steam ship came requirements for hardware to support the 
engines, propulsion systems, piping, rigging, etc.  The hardware had to be manufactured from 
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materials that could withstand both the mechanical and corrosion abuse imparted by operating in 
the marine environment.  Many of the parts were manufactured form cast and wrought irons, steels 
and aluminum; but others were made from copper based alloys and later stainless steels. 
 
Copper based alloys were some of the first metals to be fabricated by man.  About 400 BC Homer 
described the Trojan War where 1200 ships, 80' long with 50 oars were equipped with bronze 
beaks for ramming.  The next copper alloys to find regular use were the brasses.  Now there are a 
whole family of copper alloys that find regular application including the use of 90:10 copper-
nickel hull plate for small boat construction. 
 
Stainless steels were first developed around 1910 in England and Germany.  By the 1920s, 
commercial production in the US was begun by companies such as Allegheny, Armco, Carpenter, 
Crucible, Firth-Sterling, Jessop, Ludlum, Republic, Rustless and US Steel.  Production was, 
however, limited partially due to the problems of obtaining raw materials when civil unrest was 
active in Africa and Asia, which are traditional sources of nickel.  The modern family of stainless 
steels show increasing use in marine engineering.  They maybe divided into: martensitic, ferritic, 
austenitic, duplex, and precipitation-hardening stainless steels. 
 
Continued Use of Wood 
With the advent of the screw propeller problems arose with maintaining through hull stern bearings 
and glands.  This was solved by the use of Lignum vitae (guaniacum tree) a tropical hardwood 
from the Caribbean which had excellent self lubrication properties and was also extremely hard.  
The wood is still used in the sterntube bearings of many ships currently operating, hence the title 
of a recent article, “Lignum Vitae: Wood So Bad-Ass, It's Used to Make Shaft Bearings for 
Nuclear Submarines (and More)” 
 
During World War II, plywood was used extensively in high-speed, light weight patrol craft.  
Wood was also used in minesweepers because it is non-magnetic.  Plywood still continues to be 
used today in small boat construction. 
 
Offshore Structures 
At the same time as shipping activities were increasing, so were the services required to support 
them on land and to ensure safe navigation and passage.  Perhaps the earliest example of offshore 
structures were the lighthouses.  Perhaps the most famous of these structures was the Eddystone 
light, built on some rocks about 15 miles south of Plymouth, England.  The first structure was built 
by Winstanley in 1698 from wood and anchored to the bottom by iron rods.  It was replaced in 
1706 by a stone structure clad with wood and designed by John Lovett and John Rudyard.  This 
burnt down in 1759, and John Smeaton designed a stone structure to take its place.  In 1852 Trinity 
House decided that a taller lighthouse was required and moved Smeaton’s structure to Plymouth 
and replaced it with the building that remains there to this day.  In any event, the use of stone, 
wood, concrete, iron, and steel are commonplace for coastal and offshore facilities. 
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U.S. Navy R2 Tower   Offshore Oil Platform 

 
U.S. Naval Base in Okinawa 

 
New materials and material requirements are continually emerging at what sometimes seems an 
accelerating rate.  The 1960’s, 70’s, and 80’s saw the development of the offshore oil industry, 
which has led the way to improved structural materials and specifications and to the use of metals 
such as titanium and high nickel alloys for critical applications.  The world’s navies have continued 
to use and develop advanced materials for weapons, sonar, nuclear submarines, etc.  Perhaps the 
greatest impetus for materials development and experimentation has come from racing sail and 
power boats.  In these sports, the application of high strength to weight ratio composites provides 
the cutting edge to evaluate how these materials can withstand the marine environment. 
 
Reference 
Swain, G.W. (1996) “OCE 4518 - Protection of Marine Materials Class Notes”, Florida Institute 
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