Concrete In The Marine Environment

Same al the frst sinichores buil
by the Ol Indiisiry alfshare ware made
ol concreie. Concrele ssemed fhe
nalurat maleral 1o use becauss of As
provendurabilily in the marine anviran-
mant, The les recorded mardime use
ol reinfarced concrete was a boal built
in Framco i 1858, and 3 substaniial
number of concrete shipe weea buil
chirieyg Warld Wars | and 1l Also, mary
flioating concrele drydocks and cafpo
barges are W service loday, not o
regntion he fhousands aof bridges,
piars, and ather coastal glruclures buil
ol steel reinforced concrats

Inthe recent past (as itle A5 20 to
20 YiEars ago) magl concrals mikiures
werd |gw strengih and guibe porous,
resulting In #fher crocks developing
andior gaa walar penolialing lha con-
arefe \hrough its pores and cormoding
thiy relnfarcing atesel. Since thal {imae,
howevir, concrsle iechnologles and
matarals have improved groatly doe be
expidlerces galned injhe Narh Saa
and shodiag undonaken by virous
agencias, nckidng the U5, Navy In
o study, this Mavy sank a number of
hollow concrele spheres inlo walar
duptiie up to 5 000 leat io detérming i
canerila would aontinuee lo maintain s
slrenglh and watertight integrity. The
sludy showod that concrele was highly
rudlslant te water penatration and, fur
ther, thal the eoncrale's sirengih In-
craared wilh age and submarsion.

Cracks inconcrate are abviously
nal desliable, since they can lead 1o
raduced strenglh and coroskan of the
reinforsing sleel |0 the maring anvi
ranmant, small haliing cracks &l 1ha
surlace ¢ 0.006 In.) will seal themselves
with secandary crystaliization. These
Wpe cracks have proven inuch less
serous bo the overall imtegrity of the
strutiure than has (he high permeabil
ity of improper cancrete mixiumes

Carrasion of reinforcemant steal
inconcrala dug lo & porcus” concrete
rmixiure will appear in & very shor period
of time, usiually within one year of sen
ice  Proper treatment metlhods. which
include chipplag all the bad concrete,
patrhing with the correct concrete, and
application of a =uitable protective
coalitg, will seal the structure and pio
tect the meinforcement sleal frgm fur-

Ihar zorresian, and the concrete from
future:spalling.
I sicessiully use concraleé in
{he maring envimnment, several crile-
fiz should be [ncorperated Inte the
design to ansure 4 sound structure:
Design - Froper strustural de-
zign lo: resiel in-ploce, external
and infermal lnadings should be
perignmed
Water-Comenl ARatio - A low
waler fo cement ratio should be
spacitind
Cement Factor - A minimum
quantily of cemeanl per cubic
yard o eoncrele should be
spacilied
Calcium Chigride - The use
ol CaCl in mixing and euring wa-
ler should be gvoldad,
Cover - Adenunte cover over
fhe raintorcing steal shauld ba
specilipd. The deplh al (he
oovir, howaver, 6 nol as smpor
1an as the general permeabiliy
al he concent s,
Denge Impermeable Con-
grete « Thisshauld be speciijad
by [a) maintaining & low widar-
gamant ratia, (b) requiring good
eonsalidation (vibration) 1o alimi-
nale voide near ihie reirdorcing
sleal, (¢} requirng goad curing
procadures, and (d) reguitng a
smoath surface finish.
Coaling - In specialcases i may
be desirable 1o seal (e surlace
wilh & prelecive ireatment
Coalings alone are nol 4 subsi-
luler for d good concrale mik, A
pood coaling specilled o bad
concrile will nol ensire a sound
structure

In eanclusion, the technology
associated with cencréle strutiures
purpose-bulll for the maring environ-
menl has advanced 16 such a degraa
that concrate provides a very viable,
eosl-eflactive aiernative lo other an-
struction” matardais in many -applica
lions. As long as the proper praclices
are followed during design, constmic-
hipn, and maintenance of stesl rea-
torged concrete mmarns appiications,
a good, sourkf, long- l@sting struciure
will re=sf
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tiorroded reinfarcing steal I 2 condrale
column sxposed o salf walsr, Conesion af
Thee alde L camed seyera spaling of the
conorata
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