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surface phenomena. The exception is when the alkalis in the cement react expansively
with the aggregates and this can, at least in Atlantic Canada, cause serious problems with
the structures after about three decades of service. Although no testing of thes

structures appears to have been done below low tide the problem might be less here 35 |

cracking although severe in the splash zone becomes less apparent at low tide.

The offshore structures located between Norway and Scotland used to extractoil from

the sea bed have been in place for over two decades and have performed exceptionally

well (23). Equally well performing but less well known are the concrete platformsin the |
Gulf of Mexico. Some of these have been in place for over four decades. Many of them

are made from lightweight concrete and demonstrate the good performance likely to be
obtained with this material. Mather (24) reviewed the literature on the first two marine
structures (now over 75 years old) made from lightweight concrete - the "Atlantis" and
the "Selma" and noted the good performance of these ships. Recently Hoff (25) reported
on a comprehensive series of tests on lightweight concretes that are relevant to maring
structures.

Many examples of good long term performance exist for marine concrete. The
exceptions are few and can be attributed to many reasons including the fact that unique
designs were attempted for which all factors were not taken into account. Even in these
rare cases the structure can, in most instances, be made serviceable as was Rodney
Terminal and the non air entrained wharf at Eastport.

CONCLUSION

Marine concrete structures have proven to be both so versatile and durable that they
can serve in the most severe climatic conditions in the world. Instances_of poor
performance are so few that the public normally expects extremely long term service. This
means that the structure may be asked to serve several uses during its long service life
and this presents a special challenge to designers to produce a structure that will havﬁ
minimum maintenance costs. Our current concern with how best to build durable marné
structures focuses attention on those aspects most needing investigation, and Thi
problems with the corrosion of steel embedded in concrete is probably the oné _most :d
need of action. Because corrosion is influenced by the presence of flexural cracksit _\NOZC
appear desirable to do testing of stressed beams in seawater in both cold and hot chl‘ﬂ{;at
conditions. A research program to address this problem is now being implemente -
Treat Island and in Florida and also possibly at a coastal site in Mexico. Because thist
tests must run for several decades, considerable care is needed to make sure that th?;ate
frames and instrumentation will have the necessary long term stability. Work to |Val;ealﬂ
the testing equipment and procedures is now essentially complete and full scalé
tests are scheduled to start in the Fall of 1994.

by our educat”

The performance of structures is influenced, according to Skalny, workmanshi

system, quality of research and development, knowledge transfer, quality of
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Lwomic factors such as life cycle costing and research funding ..." (26). To cover this

e level Skalny suggests, warrants a study on an international bases that covers the

i spectrum of human expectations with respect to marine concrete and discussions
b these lines perhaps should start at this conference.
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Table 1.

Concentration of Major lons In Seawater Concentration (mg/)

lon

Form

Atlantic

North
Sea

Persian
Gulf

Baltic
Sea

Caspian
Sea

Chloride
Sodium

Sulphur as
Sulphate

Magnesium
Calcium

Potassium

T

Na*

20 000
11 100

2810

1410
480

400

16 850
12 200

2220

1110
430

550

23 000
13 100

4 000

1480
500

670

3 960
2190

580

260
50

70
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Table 2. Components Most Likely to Deteriorate and Component Deterioration

iNumber

4173 |8

248) |8

23008

570 [

Component (in decreasing

order of most likely to dete-

riorate)

Cause for individual component deteriora-
tion (in decreasing effect or decreasing
probability of occurrence)

Upper Tidal Zone Support

Freezing and thawing, chemical reaction
between seawater ad concrete causing
dissolution or disruptive expansion

Wharf Face

Mechanical damage, alkali-aggregate reac-
tion, corrosion

210(§

66

Deck Slab (Top)

Plastic shrinkage cracking, freezing and
thawing, alkali-aggregate reaction,
corrosion

Deck Beams

Freezing and thawing, corrosion

Lower Tidal Zone Supports

Chemical reaction between seawater and
concrete causing dissolution and disruptive
expansion v

Deck Slab - Soffit

Freezing and thawing, corrosion

Back Wall

Corrosion, freezing and thawing

Buildings On or Near the
Wharf

Corrosion

Structures Away from the
Sea

Corrosion

Submerged Zone Supports

In exceptional circumstances - surface soft-
ening due to destructive interaction be-
tween seawater and cement paste matrix.
Usually found where concrete has been
placed improperly underwater and the ce-
ment past fraction has segregated from the
fine and coarse aggregates.
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