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Tidal action O(;t"lITh in all ()C~3nS and s~as !luI the amount of lillal range is determim:d by ~ 

sife. depth and openness of the sc.1, Some seas have tidal ranges of les~ than 0.5 III while 

estuaries surh as the llay of Fundy has a jiJal range of 15 m. In South Afrka the tidal range 

an:ragcs 1.2 m due lO open oceans surrOUllding the suhcontincnL 

Wav.: action ami th~ effec! uf storm waves del'cntl on local conditions such as coastline 

shape, weather ~ySlcms. n:Jrrenl~ ami sea bt:d WplJb'Taphy. Some coastal areas experience 

milJ coulhtions with occasiunal sev.:re stonn, while other areas are cxpo&ed to regular rough 

w.:ather with heavy seas. The South African coastline is generally exposed to severe wave 

action with the region between Cape Point and Cape Agulhas being particularly prone to 

heavy seas. Numerous shipwrecks along this stretch of coast testify to the ferocious nature 

of the sea with the predominant swell hcing from the South West acros~ the Soutlt Atlantic 

Ocean. Figure 2.3 shows the wave climate off the South Atiican coa>l with peak wave 

heights being recorded for various coastal locations and at ,ea ' . Interactions hctween Ihe 

Soutlt We,teTly swells and offshore currents can produce extremely large storm waves. 
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""-'l11"'''Hlln a 

Un.", .. I" C1omlpacte:a c,onc;re'[e is to ma(leQtJate 

are to occur 

covercrete 

correct cover to is on 

is as cover 

is 

structures 

cover 

to ensure 

occurrence 

as can 

cover 

""""',MO'I,'" elllvirOlunent UejJeDIUlIlg on a 

a cOlllcrete structure 

must concrete pr()pemc!s 

more ra110JW <M1c:!t"'1m catc!gOlnes Oetemnnf~ on 

maJlUle em/tr()Dnlen,ts 43 
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CODE 
NAME 

CEB 

CSA 

most 

amount IS 

measure 

4a 

4b 

C-1 

C-2 

a 

40 

Abrasive action 
of seawater 
Seawater spray 40 

Seawater 30 
environment 
Seawater with 

frost 
Chloride 35 
environments 

Moist with 30 
freeze thaw 

concrete some 

n"'!J,n""t'r on 

concrete. 

,...,,,,,,.,.,, .. concrete are al~;cusseo 

1 assessment 

a .... v, ...... , ....... ' .. 

31 

44,45,46,47 

0.55 

0.40 

0.45 290 

...... "" ........... to 

more 

areas 

can 
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concrete. 

more eXtenSIve testlng 

tormulatt~a 4!1 

1 mm 

severe. 

inS1tanc;e are 

m.:l,n..""" t".n. ... '· .. ""1h'" structures ""u,,, ....... 

~t~C~lroensureuw~.u ... J~. is ~rtl1p"pA1 

as 

on 

are 

is 

mm 

can ensure 

concrete can on 

extensive cOlildition ~nT"U'p.v can 

extent 

common tealtw:e is 

must to oDtam .. "' ...... UJ.'" ..... "' .. u.:>. 

reilnfo:rcelmeJilt is '''1IT1I,'''''''' 



Univ
ers

ity
 of

 C
ap

e T
ow

n

SUIJImmc:are:u assessment 

concrete can is 

to ... "' .... u ...... 

CUlrlcrere once ta'fOlJlfal[Ue ,",,,,,,uu',,,,..,.,.,,, 49 

is on 

concrete. 

cause erroneous r"",," .,.,."01,,.. rC~a(]llnj~S so 

51 

'Vvu...,,"' .. rC:OD1[)er .,nlnh,,,,t,,, electroOc~s are 

h .. ~,.1r", .... concrete ......... v." ... ". 

mel[DOC1S are 

as covercrete !lIh'1/U"I'\hl'ln 
S3 

f'n1r'1f'1"",tp is to assess 

012:estlon or water are u .... ....." .... 
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concrete "n,,,,,,,of" water " ..... ""TO"' ... 

""''''LLi'.1; tf~Cnm(lue:s were ... '" '. ""'l1V',U 

an 

as dec:oml[)Ol,e to 

consensus 

;:,v.IUVj,,,, •• ".u"·""",,,, test is more 

to measure 

COIIte!It can 

...... ",,,..,"', .. concrete can "" .. "".."r,,,,, 

rate 

concrete. 

.....uJ'v.j' ... '" tests 

"l'r· .. t"'!JItp ass:es~;mc~nt 38 

COl1tamutlatlon is .. "''' ..... eArl 

metno(l is hnlil1JP'IlPT 
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to use on a 

content. 

EASE OF USE 

ACCURACY Fair 

COST 

mm ............ ~ over 

POTENTIOMETRIC 
TITRATION 

"' ............ test, 

Good 

Fair initial 
cost cost 

IS 

cost 

Indicator colour Redox nnt.a.ntll'1 \;811IDr'8UiiIQ DlflIM,ntil!l1 Indicator colour 

concrete. 

.... u, ... .., ...... assessment 

Suitable for site 
laboratories 

oint 

for research Not suitable for 
laboratories marine structures 

measure 0 

chloride content 

I"ht· ....... ~.,..f:"n ... '9,60 

a 
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,0 
0-

c 
w 
E 
w 
u 

a 
1i3 
c 
0 
u 
w 
-g 

0·4 a 
1: 
u 
«i g 
8 

concrete. 

care .;)"'JUI.U 

50 

(Low corrosion 
risk: ",1"",'lrnlvto,.. 

process 
Impeaed) 

11 

85 

corrosion 
risk) 

RHo/.. 

I 
\~ 

Uncarbonaled concrete 

,h ... ",.,,,I.,," concrete 

100 

corrosion 
risk: lack 
of 

1nCllCBltor colOur "'JlJljIUI);~'" is 1n<lllstllnct 

PotentiollDeltric ..... .,...,".r'... is an 

is 
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assess state 

emlbeaQt~ sensors. 
to lI ... t,"' ..... , .... t h .. t-n .... a ...... u~, .... "" assessment 

momtc)ruu! [c:cmlllQlues are 

POlten'tial ma,ppilng is " .. ? ........ t1'" 

me;asurel1rlenlts can 

t-t ...... ""t-r .. ·"" more "''''', ... ,,, .. .., 

rates 

~n!lOC:~(]lea sensors can 

crum()t measure 1""", .... "',.,." .... 

concrete exlilibitillig m"nplMl1 

67 

sources. 

are not 

severe eXIX>S1ure COllQl11l0l1S 

KC:Ielrelllce ",.",,,h",rvI<'" can measure 

are 

pollarizatlOn sensors. 

as 

an2:aU<)D n~sls1taD(:e or 

t'n' .... n.,."'... can 

memol(l can measure 

an2:aUC)D rc;~sis1tan(;e is 

cmmot measure 

to 
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CORROSION MONITORING TECHNIQUE 

. GALVAN<>-;j CHARACTERISTIC VISUAL GRAVIMETRIC POTENTIAL LINEAR POL· 

OBSERVATION MAPPING ARIZATION 

SPEED OF Quick Slow Quick Quick Quick 

MEASUREMENTS 

RESPONSE TO Slow Slow Quick Quick Quick 

CHANGES 

QUANTITATIVE Fair to Poor Good Fair to Poor Good Good 

INFORMATION 

DAMAGE TO No damage ............ 1:iI .. Minor cIamage Minor __ .. _=_ Minor __ ... __ 

STRUCTURE 

MEASUREMENT Appearance Avg_ corrosion - .'''< Corrosion Corrosion 

PARAMETER current densiiy of corrosion current dansity c 

COMMENTS Useful low cost Impractical site test ... w·-.. ·v', Cc.. ......... A 

initial survey on most sites but inexact used on site analysis 

core >3" ... 1-' .... >3 ",-n-nr'T1""""" can 

.............. ji" is co:mnrlOluy 

pertormance is essc~ntlal cores can 

reulro~cerrlemMpre:deternlin~~d 

is 

h",.<>1",,,..,., to estl:mate 

concretes amounts 
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rpo'~rrl to concrete .,."., .. ,,11-....... '" 

an eXJ)andirllg UJ''''''''''''''. 

methcld must 

1In<1,M1I'l''''' concrete 

.1 

R .......... "" .. "' .. ,"'.,"'" are cOlntemJ)lalted a concrete .,tn'l"fl,,,",,, 

nOl["[-~ilgl[Uea ""'1I""",n"'I"h can 

""" .... "","1 is es~;enltial 

assess 

I .. 1I-,,,,,",,,.. .. ,,,hrl,ft is not aee:me:a to "''''''''''1','' to warrant .. "" .. ~"'.'"'" or 

are TlIn'Tn'~T Q,eteno'ratlOn are not severe. 
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Df()te<:tlcln is n .. r, .. ,." .. 1t 

concrete 

concrete 

ensure a QwraOJle 

to 

a 

no att~~ml)t to .... 'tnl"" .. 

is 

as changlllg wram.age 

strlenj?;tl1lem~ to ensure is SlgJ[J.InCaIIUY 

..., ....... U.'UIWIVU or use an 

it 

~,,~~.,.rn is most reaSlOJle II1lettloo 

causes 

aSCHlllOWC 

more cost 

new 
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can 

to 

it 

a 

nitiOI ossessmlll!l'lt of the 
ondition of the structure 

cause 

at a 

IS 

~ en~ranmentLaI loella_led: diesi9M1 i~ c~c'iceof I 
consequences of 
structural ... "' .... ,..+ .. 

economy 
of use 

of the 
and materials 

considered 

materiats 

must 

must aCC:OD10(]late 
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concrete 

to 

matenai are satJlsractory 

are lDc:oOlpalUDle 

t"'II"'!lI,"'Ir~ or det)OOldtrlg 

a 

relln~Qfi:en~eIn ~,~~~c,inn are 

FUTURE 
MONITORING 

+-+ OF DAMAGE 

·n .... n.~.nn 61 
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are 

concrete 

.......... 0.1','" is 

\.: ... I'1"<u·" u'eatme:nts can 

to 

some owners 

not ensure 

1I""""''lI'.ec are l:!eIler,!Uu 

1'n'll,'M1!1'" concrete 

concrete 

concrete 

to ensure current are 

content 

mCllst1llfe content concrete. 

or 

is OPl1'Pr.:lI caJ"Oo'naltOO concrete. 

deylendeIlt on concrete 71. 

severe ..... .,'M..,' .. CI()D(l1U4::>DS 

cannot ensure """"'!II",o",,~hr.n 

mtlfac:nc:aDie a 1nr£\fj:,/·h,;, .. C4JatmJ:?; can appnoo to 

as 

me:tn(XlS are 

_~~~~., ... must act 
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as a C03lunJgs are most enectlve 

must 

to remove ...... ~"'''' .... ~ water .aH ..... n 

as CatltlOOlC P]rotc~uon. elelctr<>cbemical 

\AlU-"">.Wu""' ..... \J ... are ...... 'J. ...... ' .. Uj'b 

realkaJIZliltlC)fl use 

at 

relllltorcelmelllt are not T ... ..,.Un,' ..... 

to reinf()fClement 65,72 

to 

VW'OplllOblC nnplregnatlon is oIl'H,Pr'~IVP 

not concrete eXl00~;ed to 
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en'VtnJmnelrlt ", .. ".",.,,1"1,.<, a severe test 

structure is 

structure it is ess;enlual 

are not <lI1"t,,,n.,,,,,t'&>1"t 

a 

concrete are Ols;cusse:a 

TP1·nt-ll,Tf",,·rI concrete 

measurement 

concrete 

concrete. 

occur 

not 

to 

on 

to measure 

COIlSIQleraOly aeven(Jllng on COlllQltl'Ons as 

are not aQI;!(itlatC!l 

re<lUurea on COIIOllUOllS so 

use 

concrete structures. 
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1. 

11. 

on Cemelrlt 

lntc!rmltio,nal Conte:rellce on concl'ere 

1 
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SVJnl)j[)Sllllm on 

concrete -

"" .......... , ... on aUra[)Ull} 
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Conft~re]lCe on "'"''''UVA.., ...... 

31. 

ntemBltional COllurress on 

cement I'n,nM~At., .. " 

Contc;:rellce on 

to 
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concrete "''t1r .. ,..,t .... '''"'''' 

·n ...... nC".nn rate measurement 

Ke:SlsUVltV assessment concrete 
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1 

UA .... AA'''", concrete is O'P1I'llPT!lI as 

movement 

concrete. 

oelJen.oellt on 

sources as "' .......... u ....... CCJnCl1Ut()ns 

concrete can occur 

concrete is to 

tests 

2 occur 

tra:OS[lKJrt is OejJeD:oelrlt on 

concrete 

tra:OSJ)KJrt prcJCe:ss~~s 3 

rn1rl1rTptp is at1'eclteo 

or Ch€!mJ:caJ 

a 

cOilSUtue:nts are 

to 

concrete cover. must 
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a 

term 

3 

sources 

concrete 

concrete are "'h,<'". ....... tii 

.... " .... 9·". 3.1. 

EXPOSURE ZONE 

u 
0: 
LU 
I 
0-
(f) 

o 
~ 
..x; 

I 

~ 
..J 
0-
(f) 

lOW TIDE LEVEL 

1 

to ensure 

CONCRETE ELEMENT 

U''''''11a11.l3111.:1 are 

concretes can 

COlmnaTf'd to concretes 

are 

PRIMARY FLUID 
TRANSPORT MECHANISMS 

GAS DIFFUSIQ\l 
WATER VAPOUR DIFFUSION 

WATER VAPOUR DIFFUSION 
IONIC DIFFUSION 

WATER VAPOUR DIFFUSION 
WATER ABSORP1l0N 
IONIC DIFFUSION 

IONIC DIFFUSIQ\l 
WATER PERMEATION 

2 
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3 1 

zone 4. 

area 

vector 

qis 

is 

is 

as 

is a 

to 

...... ".-" was 

to concrete 

=--y:- ........................ (3.1) 

k is is 

eQlllatlon can 

) ...................... (3.2) 

are oelJenOeJU water cOJltellt 

delJenldeltlt on 

=-VY (6) •••••••••••.•••••.••••• (3.3) 

one UU'''''':Ul.;UVU"" .. case assuming ii.,n,fT'n'n11" COIiUucu,mv 

q= 6) ...................•.... (3.4) 

terms 
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q=-D (8) 

to occur is 

WATE 

D(8)=K( 

rate 

are ",n""., ... 

CONCRETE SPECIMEN 

CAPILLARY RISE 

f ... t 
I 

SUPPORTS 

3 

.... ""rnf"·'utln.l is .......... JU ....... 

........................ (3.5) 

as 

........................ (3.6) 

3 

a:: 
UJ 

i 
LL o 

concrete. 

CAPILLARY 
ABSORPTION 

SATURATION 

.. :;f\ .... ...I.nr ..... ROOT OF TIME 

movement a ",,,,,,'tI'11"110 a 

area i, is ael>enaellt on 

water 
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'_ 1h ( ) l-St ... ,................... 3.7 

Sis 

concrete. 

d~~nnmru~oniscornDllcrutOO. is 

water content 

3 

moves um[)u{!~n a ""","'r ..... "., DlaU;!:rllll 

occurs 

structures 9. 

is as 

:::- ...............•••.. (3.8) 

is area 

rest)ect to IS 
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as 

=- ...................... (3.9) 

a - ....................... (3.10) 

terms 

to not 

>= ....................... (3.11) 

:::: ...................... (3 . 12) 

€ is is 

uqJenuelil( on 

<C> is 

terms 

concrete are "' ....... ""'" I 

c> _::-- ....................... (3.13) 

""",·r,.."... C4[)nc:enltratlon over 

to prol()U(;e 

.... +,"' ..... >1"1 to 

restlCct to 

< c > :::: + (1 -E) ..•......••.•........... (3 . 14 ) 

are 

\SSlJlmulg a 
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SD(~Cll~S one can or as 

n= II II II II • I II •• III II •• II II III • II III III • II II • (3 .15) 

as 

a == E + ( 1 -e) n. . . . . . . . . . . . . . . . . . . . . . . (3 . 1 7 ) 

is 

1 

cement. 

. . 
3 ." ...... ,- ....... . 

u.. 
a 2.5 ..... : ... , . 

• .. • • • • "ti ....... ~ 

, , , 
, , , 
, , , 
, , . 

10 20 30 40 50 60 70 80 90 100 
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rate is oelJenOel1t on rate 

are OelJelllOeltlt on tenl0eratl 

~n'~~~O~AiscoInplllcareo 

concrete is 
11,12 

movement 

a 

to 

to an am>11e:o n,rp(;~~nlrp 

occur an .. IJJ.fA .... ,..,. 

" .... '..., ..... ,., is 

V=- ....................... (3.18) 

is is 

terms 

k 
V=-- ....................... (3.19} 

J.I. 

k is 

C()(;~nliC:le]lt is OeJJenlOeltlt on 

maJangita oe1tmllDg concrete 
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tests 

k= ....................... (3.20) 

"."""" .. '<u<> is ael:>eDlaelrn on 

serlsltlve to \..ucun:"""3 

UPPER WATER LEVEL 

() 

~ en 
o a: 
o 
>­
I.r:: 

-- ..... 
PERMEATION 
OF WATER --. - - + 

-- ..... 

3 

WATER­
RETAINING STRUCTURE 

61 

are 

ease 
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3 

aratlonaJ 

was 

as 

14 

terms 

staJndalTdlzed at a .............. , ...... .. 

..... vIV ........ to measure 

concrete. 

tests 

more 

l"Olr1l"1"'PfP was nn,(1P1'1"lI.rpn as 

aplJearea to 

concrete 

c;,1T1 .. I"1t ....... c;, or l<!ahn'l"'!J.tn .... , concrete are "~U;;"'U;iU 

tests nPl"tOITn,,'n 

can 

concrete. ....... m ........ ., are 

is cater 
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some 1'n1.~rn~tn.£'h 

concrete ,,_ .. ,.. ........ .. 

concrete. 

eX['OSf:a to stmuar 

to constant mass to ensure 

cause 

n ...... '...... rei~1DleS were 

.......>& ... .1:,'" to concrete 

test sal1nDlI~S are <>VT"""I"T<>" to COllltor:m 

to 

are ae~;lgIlea to Slmlple to onerate 

1-''''> ........... as pelrtolrmam::e 

nrllln""ft1'''~ is to extract cores 

to assess 

1 

tests 

as a measure 

as OPI)()S(~ 

is deternlim:d 

~n~-n"""n·" to concrete mateflLals a 

were eXl0miOO to COllltulU(IUS water 

to rl<>t·<>~n""''''' 

movement water 
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at 17.18 was .......... ".,u 

can ex,:::ee:Q 
21 

contents at 

apt:,rmtimatelly 3 mm is I-JfA ... ',,\A.I. 

water is 00lllfe~Q 

me:asurelllents are 

...... uv,.... is vacuum satllfated 

use 

an water 

.,.--- 3 mm 

21 
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is 

as 

is 

uu",u.", ... can water .. hc·"' ..... I" .... , ... 

• _ 112 ( ) l-St ....................... 3.21 

s t 

t% ...•.............••.••• (3.22) 

t, is cr(]lss-se(:nOlnal area 

is 

) 
n == -..,=.=.;;:--,-::- • • • • • • • • • • • • • • • • • • • • • • (3 • 2 3 ) 

S= 
t 

masses 

"'vl" ..... "''''''',;1 as 

1 • -- ...... ' ........•.•••.•• (3 . 24) 
111 

dis 

mass 

S= ___ --=-- ....................... (3.25) 

mass """''' .... ''''''.£1 versus ",nu,,,, .. ,,, root 

one mi:nu1:e ",Ir...,n,"",t.", ... as 

as constant concrete 'I'V\''''''",'''', 

ettc!Cts are 

5mm rellnmreG to elUDm,ate 
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concrete. 

concrete 

are to 

remove aelDmiltS can <""" ..... "' ... " 

outer 5 mm 

concrete. to 

10.-----~------~-----o------,------O-----,~---, 

9~··· .. ·· .. ···················1 ........................... +············· .. ·· .. ··-i····· .. ··· .. ······ .. ···· .. -+··· .. · .. ·······-····· .. ·-·1 .. ··-···-· .. ··············1 

8~ .......... ······· .. · .. ···· .. i .... ······· .. ······ .. ·~ .. ·· .... ·······--.~ ........ -........ -.--.+ ................... ~.! ....... -....... ·_ .... ··-.. 1 

7-1···························;··········· .. ············ .. 

64 ........................... ; ............................ -+-.................... --+ ......... ~:~ .. --+ ....... -.... -.... --.+.--.. -.-.'---"'l~ __ ~ 

5+ .. ·· .. ·· .. ·········-···-+-.... ······· .. · .... · .. ·····~ .. ······· .. ····· .. ~~-··-·-·---f----~~--t---·----1 

4+ .... · ...... ·· .. ···········;·· .. ······· 

3+· .. ·· ...... · .. · .. ······ .. ·i .. ·········· .. 7 0 ....... + .................. -~. 

0.2 0.4 0.6 0.8 1 

OF TIME 

concrete 15 

.. ,........ rnlnrT'ptp is to a 

snel:les on OPtK>Slte 

testmg even 

are 

over 

ae'{elc)pe~a to ontam concrete: ""' ........ . 

an ... /,J ............ ' ... 
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is aC(:eH!ral[eo 

was UJJ'JJAU.;U across a concrete S31npJle 
22 

a 

current pa:ssed T,:.nr.",<'",.nt<' 

movement 

are nrc)oo:seo a ""U"AU ..... 

on COlrnpletllOn 

elopment was a tecbrulCa! imlilroveJnel1t test 

to 

oe~/elc)ne~O an ac(;elc~rateo 

is 

measure a cOlrnbmaltioln 

erroneous ...... ., •• Ul..:) to nOlrH~I[eal(l'\ 

or 

more 26. 

elOlmalll et concrete a 

ftPTPl'lf"P is across a 1"' .... ,,,,...,.,,,11',,, saInpJle a 1"1,+,1, .. ."", ... mC:~1111m 

instantanemlS current is mC:::3SlJfed 27 Ke:SlS11Vll[V measurements are Oe)JeDIOel[lt 

water COlilOllCtllVl1-:v 

water COJ10lICtllVltleS as So<hUJrIl 
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vacuum 

ensure 

,uh", .. "" cTis 

at 

is no COltlct::ntJ~atl 

core SaInpJle 

current pru;SlDl,g 

3 28 

aetJnea as 

i t 
0= V . A ...........•........... (3.26) 

i is 

A 
N 

o 
E 

IS 

SarElple IS 

to 

across 

crclss-sec:uonaI area. 

ae1:me:a as 



Univ
ers

ity
 of

 C
ap

e T
ow

n

D a -=- ........................ (3.27) 

is is 

"' .. ;A ...... ''' •• , (f is 

3 

concrete .. u ........... UIF. 
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Formulating 1I theorerical d lloriJe di((USkln IllUde] is compleli aoo a muldtvmp()~nl 

lntetact" '.: model is n:'1uiral which all(lws for facli"lflo such as ..... n ially Sllturaloo conditions. 

variahle ~llrfllCe cuocentratiQns. inl t rnal chemicll reactioos 300 macn)(\efect.~ . Several 

theQfet ical mndels have bet:1I dc:velopOO hUI at pre>en\ thh method i~ 1101 suffIC iently refined 

lilT rractkal applications >:lJ: . The models lI~ually requh detailed information regarding 

m3 1 ~ria l properties, constructional elrecl~ and environmental and loading conditions which 

nil uu ly he obtained using: sophistinted O1()(1i![lring equipment. II would thc~fore appear 

thaI an empirkal approach of predicting Il)I1lHerm chloride contcm.s is the l11ol)!;t practiul 

method unti l more sophistkalc:U theoretical models have been IkYdo.)petI ". It mUM ~ 

accepted tha t th is is e...,;entially a rragmatic approach I'.'hcrc tb!o chloride ~no:trltion is defi ned 

100 predicted using the d iffusiun coefficient defirw:d in ..-quatiun 4.2. 

With all the data fmm field Q;p!hure si t e~ il ~nukl he pos>ible to m!lke u . .;eful comparisons 

of durallilily performann: and rredi cti('n.~ of conen.'le durability. {Jnfonunateiy this i .~ 

cllmpli('aled by different material! . casting pnll:edures. specimen sizes, curing tecllnh.lues, 

severity of exposure and te~ting uf durahllilY performance of concrete. Tlli~ vatiahilily cOli ld 

be reduced if standard methods uf cllaractc riling marine concrete. a~s.~ing tile ~\'erily uf 

mariroe exposure and lIl\'asuring durallil ity performance of concrete could I!c eSlahi ished and 

USetl hy all n:searcbers. At rre\ient liek! :>ludies of marine C(lIlCJ\'t ... performance are only 

u:.tful I"cally, re.uh ing in htCfMing numh«s uf exptlo;u~ st.ations conducting ts."ieIltially 

~im ilar r~ch . A c(l(lf'tiinated research ~pproach .... ·mlld ckarly bI! more h!:ner ... ·ia l fur all 

panies. 

Reviewing the result<; of several inve~tigations into the durability pc:rformalK'C nf marine 

cuncrete indi t'ates that some factors cunsistenlly proouce durahle COllCret~ with !:;ood chlnride 

rc~ istancc . Importam factors iJJCl ud~ !he use of cement extenders such a~ fly K~h and slag. 

low wJtertcemem ratio, effective moi~ t curin!:; , good compaction, and prcvention of trJcking. 

Wllal is ~tlll required is a better unJcrlilllJlding uf ~ mechanisnl5 of dc:teriur~tion of marine 

concrete: ~rrucrurC!< and delermi .... tion of the ki~ics of the reactions. This infnnnalion is 

~ 10 predict the dUr.lbil ity or marine concrete -.truclures and to PWP(lse: mInimum 

sptoCilications to..- adequatc dUr.lhilil)' performance. 
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4 .2 Marine E~po~urc Sue .... 

f)uc to !he var iahili ty of III .. rine Cl j"llOSU' l' it "-"a~ tb: idt:.J tu II ..... IW" marin!."" e.~ l lOwrt". si tes 

IUl;Cl hcr with a w nr.rot ~IlC at the Uni"",,"\" uf Cape T I)Wh . The 111m" ... sir e:; r':fJfnt: lued 

I· ... tr~rnc\ of marine oox posure heing c itocr ~h,,11Crt!1I (Simmlsluwn) ur c ... po\cd (Gr~ngn Ray). 

4.2 . 1 SimonsrllwIl 

Tile ,ilc at Sl moo:.!"wn wa~ eho:sm i"lt;I:ausc o f ib Vrota:lcd k"Calkln hcing el~ 10 "" Id 

w~vr. 'II:tiO[1 :wd ~hehercd fll) ll1 the prevailing Suurh. East~lv WInd The ~heh t'1"t"d halo n,' of 

till.' ~ ltt" is panly due 10 I~ Naval l)Cd;yard I)h !he :;C;lw;,fd ~dc 01 1m- hay lind til ... wh"k 

1lI Ci1 i~ prott"l.' b:d 'fum me UJX'!1 ocean ",illlin Faht" Bay . St; .. ',,'mperalUfC" T<IO!;W hctwL'Cn 

13 and 20"( dlle 10 warm waleJ ~ whIch arr tr~"pcd in Ih" ~hall"w b"y , Til lilJ lone 

~1I ... d mem were.' l'IClI/l"f1 JUSI t>o!low the hi,:h Ii ..... nllut while spr~y ron ... !>ample., .... cr ... k'l:'l' OO 

:Jill lIt,. ...... c nx:an ~ level f:J(:m~ North wc~!. Figurt, 4.4a ~Il<'\\"\ til<, ~c llcr~1 IJyout of 

S;mon~Il·"'n harl~,," sl1o\\.''"1: the 1)) l)ln:too n~lure "r lilt' ~ilc wh ile Fib"1.lre 4.411 ,how~ Ih ~ 

Iot:au"n t.f lidal aod ~prny 1<>ne ~mplo::< (>h ""'" . 

Figure 4.4a : View of Simonstown Harhour 
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Figure 4.41'0: View of Siffionstown Tidal and Spray Zone Sampb 

The exposure site at Granger Bay was chosen due to the expos.:d nature of the arca which is 

prone to heavy wave action and strong winds. The sile is kICakd along the edge of Table 

Bay, ()uL~ide the breakwater and exposed to the open Atlantic Ocean. Sea temperatures in 

Table Bay fanged from 12 lU 15 °C due to the presence of the cold Benguela current olf the 

Cape WeM coast amI the upwelling of culo.l walers near the shoreline . Tidal zone samples 

were located just below the high tide mark while the spray zone samples were h~ted on top 

of ~ sea waH 3m ahove m~an sea level facing in a Nonh Westerly direction. All nmerct<: 

hlocks were chained !.lown to prevt:nt them being washed away during winter S(UnllS when 

waves often crash over the lOp of the sea wall. During summer wave action is more 

moderate with little overtopping of the sea wall by '\!lIVes e,cepl in exceptional case~ . Figure 

4_53 ~hows condnions at Granger Bay tluring a winter storm while Figure 4.5h shows the 

location of the ~pray l.one samples on top of the sea wail (the tiilll zone samples were locatetl 

at the ha~e of the sea wall) . 
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Figure 4.Ja- Vi,:w of Gnlnger Bay During W<ntcr 

hgure 4,5h : Locatioll of Spray Zone Samples at Granger Bay 

4.2.3 Laboratory Controls 

Laboratory control speciJ11ffis were k~! at the University of Cape Town under mild inland 

condition .... The site i~ located 6 km from Tahk Bay to the North and 18 km from False Bay 
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' 00 

SAMPLE AGE (days) 

GR~""EA B .... 
TID"l ZON~ 

MAY 199J 

Figure 4.9b: UPV versus Time - Granger Bay Tidal Z()!Ie 

c) Visual Appearance 

Visual c:l:amination of concrete blocks after twO years exposure revealed a wide range of 

surface conditions. Concrete in the spray zone at Simonstown showed very sligbt weathering 

in the fonn of slight surl'occ roughness except for grade 20 fly ash and slag concrete which 

showed mIXIera1e weathering. In the tidal zone at Simonstown several specimens had 

moderate levels of weathering with exposed line aggregate while grade 20 slag concrete had 

suffered major weathering with som~ exposed coarse aggregate_ The general condition of the 

concrete in the tidal zone at Simonstown is shown in Figure 4.103. 

AU concrete blocks at Granger Bay sbowed evidence of abrasion damage, particularly 

specimens in the tidal zone. The amount of abrasion damage of concrete in the tidal zone 

appeared to decrease with increasing penland cement content and length of moist curing. 

Grade 40 dry cured slag concrete wa~ worst affected and had suffered extreme abrasion 

damage with exposed aggregate and comer damage. SpecimellS in the spray zone showed 

similar trends to those found in the tidal zone but were not as severely affected, being 

damaged only periodically during severe winter storms. Evidence of physical damage can 

be seen in Figure 4.1Ob while visual appearance results are given in Appendix Tahle 4A3. 
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Figure 4, lOa: Conditiun uf Simunstown Tidal Zone Samples 

Figure 4. lOil: Ahrasioo DJmage of Granger Bay Tidal Zone Sample, 
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GRANGER BAY 

SPRAY TIDAL 

20 MOIST MILD LOW 

DRY MILD LOW 

40 MOIST LOW LOW HIGH MODERATE 

DRY LOW LOW SEVERE HIGH 

60 MOIST MODERATE MILD 

DRY MODERATE MILD 

20 

40 SEV H 

DRY LOW LOW HIGH HIGH 

60 MOIST MODERATE MODERATE 

DRY MILD MILD 

20 MOIST MODERATE MILD 

DRY MODERATE MILD 

40 MOIST MILD LOW EXTREME HIGH 

DRY LOW LOW SEVERE HIGH 

60 

KEY 

DESCRIPTION OF CONCRETE SURFACE 

,., .. ,~+h'''Fi"" ..... " ....... "nn fine .. nr,,. .. c,,.y .. 

Abrasion darnaCJA with rounded 
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CONC. GRADE CURING 

TYPE REGIME 

WET 18.8 24.0 

MOIST 23.1 2!5.8 34.6 

DRY 19.7 2!5.6 28.9 

WET 42.4 !50.6 

MOIST 39.0 48.7 02.3 00.4 

DRY 46.6 

WET 

81.2 

DRY 70.3 

3!5.0 

18.8 

WET 3!5.0 

MOIST 3!5.2 68.3 

DRY 30.0 08.6 

WET !51.6 

MOIST !50.1 81.1 80.8 

DRY 73.9 

DRY 18.2 27.3 

WET 

MOIST !53.8 

DRY 43.7 

WET 07.7 87.2 

MOIST !53.9 80.1 66.2 63.8 

DRY 49.1 62.9 63.3 62.4 
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NC. CONTROLS 

TYPE 

MOIST 

DRY 

WET 

8.!1O 

DRY 8.23 

WET 9.84 

9.83 9~ 10.13 

DRY 9.22 8.92 9.82 

10.31 11.70 

10.24 10.15 9.68 

9.78 10.39 10.29 

WET 

7.93 

DRY 7.8:5 
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CONC. GRADE CURING LAB. CONTROLS SIMONSTOWN GRANGER BAY 

TYPE REGIME 28 DAYS 12 MON. TIDAL SPRAY TIDAL SPRAY 

WET 13.98 8.82 

MOIST 13.98 9.42 8.2:5 9.29 

DRY 14.38 9.21 6.00 10.03 

WET 12.37 6.16 

MOIST 

DRY 16.13 

10.86 

9.20 

12.83 

16.88 6.24 

MOIST 20.3:5 6.69 :5.92 7.14 

DRY 27.27 7.02 8.9:5 6.:58 

WET 10.8:5 

MOIST 12.13 

17.37 

WET 9.04 5.18 

3.:57 5.19 5.73 

DRY 11.99 3.38 4.92 4.60 

WET 12.91 6.70 

MOIST 13.64 7.37 5.38 

DRY 22.22 5.8:5 8.25 3.97 

WET 8.12 5.:58 

MOIST 9.15 3.22 2.64 4.23 4.61 3.99 

DRY 12.74 3.57 7 

4.83 5.41 

5.96 5.78 
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URING LAB. CONTROLS SIMONSTOWN GRANGER BAY 

REGIME 28 TIDAL SPRAY TIDAL SPRAY 

2.07 

2.97 

3.39 

WET 

MOIST 0.88 1.66 1.47 1.41 

DRY 2.04 D.7!:! 2.02 2.1!:! 1.7!:! 

WET 1.!:!8 1.01 

MOIST 1.70 1.13 1.00 1.13 

DRY 1.21 O.~ 

WET 

MOIST 1.28 

DRY 1.:52 1.97 

WET 

MOIST 0.44 0.:s3 0.59 0.59 

DRY 2. 0..81 1.11 0.48 

WET 

MOIST 0.13 0.28 

DRY 0.24 0.22 

WET o.~ 

1.36 1.20 1.33 

1.88 1.84 1.98 

0.~2· 0.47 

0.72 

0.30 

0.36 
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CONC. GRADE CURING 

TYPE REGIME 

WET 

MOIST 

DRY 0.684 

WET 0.322 

MOIST 0.374 

DRY 0.:506 

WET 

MOIST 

DRY 

WET 

MOIST 0.171 

DRY 0.149 

WET 

MOIST 0.12l5 

DRY 0.099 

WET 

MOIST 0.160 

DRY 0.666 0.191 

WET 0.268 

MOIST 0.1l51 

DRY 0.141 
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ING LAB. CONTROLS SIMONS 

IME 28 DAYS 12 MON. TIDAL 

WET 0.0 D.!:! 

MOIST 0.:5 7.:5 1.:5 

DAY 1.0 S.!:! 2.:5 

WET 0.0 O.!:! 

MOIST 1.0 

Y 2.0 

WET 

MOIST 

DAY O.!:! 2.0 

WET 0.0 0.:5 

MOIST 0.:5 10.:5 U5 

DAY 1.0 11.:5 2.0 

WET 0.0 0.:1 

0.:1 4.:5 2.0 

DAY 0.:1 :1.:5 2.0 

WET 0.0 0.:5 

MOIST 0.0 1.:5 1.0 1.0 

DAY 0.:5 2.5 1.0 1.5 

WET 0.0 1.0 

MOIST 1.0 11.:5 2.0 

DAY 1.0 14.0 3.0 

0.0 1.0 

0.::1 4.0 1.::1 

1.0 9.0 2.0 1 

0.0 1.0 

0.0 2.0 1.0 

0.5 3.0 10~ 
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5m m 

3m 10 m severe 

5m m 

4m 15 m severe 

10 m m 

3m 10 m 

3m 5m 

il 5m m 
I 

II 

3m 3m severe 

!I 5m 15 m I 
I 

II 5m 5m severe 
I 
I 
! 

3m 10 m ! severe 

10 m m 

4 1 m m 

5 1 m 1 m 

6 

1: Loc:aOC)D 
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SAMPLE DEPTH INTO CONCRETE {!I!!!I) DiffUSION S 

NUMBER 0-5 5 - 10 10 - 15 15 - 20 20 - 25 COEff. 

I 
P1 3.64 2.62 2.33 1.43 0.66 4.92E-OS 4.10 

P2 4.14 3.S0 3.17 1.92 1.09 7.n.u::.nA .- -- 4.90 

P3 3.02 2.!5!5 1.47 0.S3 0.32 3.11E-08 3.70 

P4 3.10 3.93 2.51 1.57 0.80 7.27E-08 .4.10 

P5 . - - - - - -

P6 O.lS 0.10 O.OS 0.07 0.07 1.OSE-OS 0.24 

P7 0.08 0.08 0.0!5 0.04 0.04 1.49E-OS 0.10 

PB 0.74 1.00 0.77 0.67 0.!51 2.!53E-07 1.00 

P9 2.84 3.71 2.92 2.65 2.2!5 !5.SSE-07 3.50 

P10 2.25 1.!53 1.24 0.6!5 0.44 3.71E-OS 2.55 

I P11 2.98 2.63 1.60 1.24 1.19 7.nQl=·nA 3.30 

P12 2.62 2.41 2.09 1.8!5 1.37 2.OSE-07 2.8!5 

P13 0.20 0.19 0.09 O.OS 0.07 2.65E-OS 0.25 

P 4 0.!51 0.43 0.26 0.14 0.08 2.!5SE-OS 0.65 

I 
P15 0.17 O.OS 0.07 0.05 0.04 S.67E-09 0.20 

P16 0.05 0.04 0.04 0.04 0.04 - -
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)( 0.01 0.07 0.08 0.09 

0.0113 0.0228 0.0338 0.4510 0.0564 0.0876 0.0789 0.0901 0.1013 

0.1236 0.1348 0.14:59 0.1:569 0.1680 0.1790 0.1900 0.2009 0.2118 

O.233!) 0.2443 0.2:5:50 O.26~7 0.2783 0.2869 0.2974 0.3079 0.3183 

0.3389 0.3491 0.3593 0.3694 0.3794 0.3893 0.3992 0.4090 0.4187 

.4284 0.4380 0.447~ 0.4:569 0.4662 0.47~ 0.4847 0.4937 0.~7 0.5117 

0.5292 0.5379 O.M«! 0.5549 O.~ 0.5716 0.5798 0.5879 O.~ 

0.6117 0.6194 0.6270 0.6346 0.6420 0.6494 0.6566 0.6638 0.8708 

6778 0.6846 0.6914 0.6981 0.7047 0.7112 0.7175 0.7282 0.7300 0.7361 

7421 0.7918 

O. 0.8788 

0.8991 0.9020 0.9048 0.9076 

.9103 0.9252 0.9275 0.9297 0.9319 

.9340 0.9456 

.9523 0.9539 0.9554 0.9569 0.9583 0.9597 0.9611 

1.5 0.9661 0.9873 0.9684 0.9695 0.9708 0.9716 0.9726 

1.6 0.9783 0.9no 0.9780 0.9788 0.9796 0.9804 0.9811 

1.7 0.9838 0.9844 0.9850 0.9856 0.9861 0.9867 0.9872 

9891 0.9895 0.9899 0.9903 0.9907 0.9911 0.9915 

O. 

0.9996 

0.9998 0.9998 0.9999 0.9998 

O. 0.9999 0.9999 0.9999 

1.0000 1.0000 1.0000 1.0000 
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en'VlTIOmnelnt 1"'''''''!101''''f1 an awareness 

concrete structures must U1tlmirlteJIY 

performance is essc~nt1;aJ 

not COI1LSlo<er COlllOltllOnS at 
concrete is .. V'.,...,.,o",1'1 

concrete to ensure 

pertormaJllce are 

",1<" .... 1', .. concrete strluctun~s 

r"""nrI1~ or 

structures 

...... " .... -''''. reasons 
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to surro1.imdmg structures or 

at 

performance must 

.......... "','" must 

ensure 

not 

..... ".,,"'.,'"" structures. 

seawater on concrete as m'!lI1"11'lo"" concrete 

structures at was a cOlnbination 

concrete callsmlg 

most 

common 

cover to relntc,rcl:::ment 

were 

concrete structures 3. ..."".,nt-" .... "''''>II concrete 

structures was structures 

even 

an mspe(:ncln 

reason was 

are 

concrete structures 

cause a coarser concrete 

retntolrc~:d concrete ..-.. I't' .. ,.. .... 

m!lI1"111IP el[lvtroIllmf~nts are 

some emrlfC)DOleolts 

contrast 

concrete 

was 

1 
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areas on 

5.1: 6.7 

EXPOSURE CHAR 

REGION Relative Relative 
Rate of Reinforcement 

Chloride In ress Corrosion Rate 

Nonh Sea 8 79 895 

Middle East 25 41 23 due to hot 

S.E. Asia 28 73 1638 due to hot 

(Indonesia) 

II 
South Africa 11 17 75 650 Moderate due to 

mild conditions 

I 

it is aS5runloo 

10 
uanulLJ;:,'" was most 

can cause 

as most severe ..... "', ... ." .. concrete II 
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some cases 

pelrmleat,1l11ty to ensure Ii .... ''''h. 

rn1"1f'r.""t"" structures 

a .... ''''''''IU 

CfCllClclnj?; is as 

concrete structures 13. 

concrete is cnllorlOt:-1I10lICea P,"' ..... .",.". 

Tn!!I"11I"" concrete structures 

rate meCnal111s:ms are 

a 

zones were 

ootlential mlaPJl~ing mOllcatc~ a 

structure was 

cover 

severe 

most common 

on 

...... aua .. _ is tens 

a 

severe ''''''J''''1''1:II1 case sml(JI~~S 

COII011t1011S are common 15,16,17. 

eX{>oslllfe as was 

mm cover to to severe Tnlll"11I"" cloncllUonl). 

ten to 

cover concrete "Iu,tu.l'_J 

nn""" .... """'" on concrete """''''11"1'''' 

19 concrete was pelfletratllOn was 

was cover to 

as .... '''.n .. ·'' n,h"""."" COlflCf'ete ul.,,~"F~ were to 
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are 

structures 

cOllltenlts at 

a 

25,26 

structures 

""PT.,.,."" 20 ancJOf:S were 

"V.IU, ... ,J'VJU Oe]ptl1IS were .... , .... 1""', .. mm. 

dO<:Ufllented case SIDruf:S ..... ", ... ..,... concrete 

"'''''''' ... .,..'''' 21 

cellnenit, C;UI)orulUoln O~~DU1S were 1I1"In.n"1:'IU" 

mm were tholuelilt to cause 

reilllfo:rcemeint at a 

mwrme emrirolmD,ent on relIlfOI'ced cOlllcrete structures 

"'''''''.I'!U'.''''U an awareness 

an un'!lCCeplCBO:le 

rtr()Wnelnts 17 

>:II-" ........ 'u .. ,....... concrete pn!lCIICC::S to ..... , .... ,." ..... aspla:snc 
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to ensure concrete aurar)lUl) J nf('rtUlllate:l~ a were 

new ...... "'uu.vn ... 'bu,'..,. were .. ""' ... '0; ..... '''''' 

... t:>rl""Ft:> vast amounts 

on meas1J1fUl 

extent 

not ..... ".t:> .... , .. 

concrete is 

must 

rnll'1rt"ptP .,rr .. "'yu ..... " were imrestig.ated 

structures were loc:ate:a 

COlltcrete was extK)St~ 

as 

were not Dfl)tecte:a 

cla<Jldm:gs or 

m!:llnl1lP e:[J)(,sulre were ae11De:a 

Coner'ere exrK>Sf~ to 
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1 

most 

structures 

Il"Ul<lI"P'''''' were inv'esti~ated were eS~;enltlaJJ, 
mass concrete 

are 

* hXDOSUlre ... ·~1h~~.,.'" were de1termJDed 
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The location of the ~tnJctures around the Cape Peninsula and along the South Aliican 

coastline i., -',hown in Figure 'i I. En\'iron~nl, and expm;lIre conditions varied widely 

depending on the location of the structure. Sea temperatures on the Atlantic ,ide of the Cape 

Peninsula were on average 5 · Clower tban Temperatures in False liay while sea temperatures 

at £Oa>1 London wef<~ Oil average ,everal degTees wanner than those in False Eay_ 

Climatically. the Cape Penin, ula is similar to Mediterranean conditions with winter rainfall 

and hOI. dry >lImmers with >trong South Easterly wind~. The SOlltht:l11 Cape coast is exposed 

tn mild conditions with rainfall thr(lllgh(lut the year while East L(lmkm generally has Slimmer 

rainfall with mild and drier winters. 

\ 
ATLANT[(' 

OCEAN 

rAPE 
PEN1NSIJLA BAY 

STIlMinFONTEIN" 

Mlfl7FNBERG 

SOUlR AFRICA 

W1LnF.R"'ESS 

TNOIAN OC12AN 

Figure 5.1: Location of Marine Structures Investigated 
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5.2.1 Kogel Bay Tidal Pool 

The Kogd Ray tidal pool was huilt in 1990 un the Ea .. t sid~ uf False Bay 6 km North of 

Rooiels. The area is exposed to sev~n: wave actiun with little prOkctiun from the opt:n sea. 

Constructiun of the tidal pool wall was done using precast concrete elements with an infill 

sedion h~ing cast in situ. The concrek was in g(xJd condition with only minor ahrasion 

damage after three years uf exposure. The structllre wa\ tested in January 1994 at three 

locations alung the tidal pool wall. Ddails of the strudun: an: given hclow .-

Cement type -

Concrete grade -

Water! cement rdtio -

Type of reinforcement­

Cover tu sted -

Coarse aggregate -

Fin~ aggr~gate -

Coostruction details -

Ordinary portland cement 

Design 55 MPa, Con: 72 MPa 

0.40 

Galvanised high yield welded mesh 

lksign 100 mm. Recorded 90 - 110 mm 

19 mm greywacke stone (Malmeshury shal~ · hornfels) 

Klipheuwd pit sand (Silic~uus, wdl graded) 

Pr~cast and in situ construction with no moist curing 

Figure 5.2: Kogel Bay Tidal Poul 
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5.2.2 Table 13My Breakwatn 

Tbe Table Bay breakwakr wa~ reinforced with new concrete dolosse hetween 19R(' and 19R8 

using 24 lonne uniL~ . The hreakwater is suhjected to extremely rough w~atber conditions in 

winler with swells at the hreakwater "I' over seven metres heing recorded. The concrete was 

g~neraJly in good condilion but many unils were inadequately compacted which resulted in 

honeycombing and voids. Several do losse were broken after only six years service on the 

breakwater due to structural failure. Sixteen dolosse were tested along the the breakv.ater 

between September and November 1993. Details of the dolosse are given below :-

Cement type -

Concrete grade -

Water / cement ratio -

Type of steel -

Cover to steel -

Coarse aggregate -

Fine aggregate -

Construction details, 

Low alkali sulphate resisting cement 

Design 50 MPa, Core 62 M Pa 

0.465 

Railwav track for extra weight in some cases 

300mm 

19 mm greywacke stone 

Klipheuwe1 pit santi 

Prc('ast wi th mist spraying for seven days 

rigure 5,3: Table Bay Breakwater 
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5.2.3 Koetlcrg Power Stat ion )'uml,IIouSc: 

The- pompl1olliiC al Koehefg Power Slal ' lon .... a ~ hu ilt in 1982 to provide l'(lI.t ing ... 0I1f1 HI the 

main n;a~lnr hu ilding. The SU,\H.1un: is tdjllCC1It 10 the sea and is exposed [n sc ... t~·e marine 

,(lndili(ln~ w;, h heavy sa lt spray oJcpO ~;I' fr01ll way~ actinn and from tIJ<: primary :><:ro::.:ns nC~1 

[0 the pumphousc. The roof slah exhIbited severe d~mag" from ~teel corrMinn in the fonn 

of niSI staining ami cracking. (:00 .. 1"<;:1<.: samples were .:xtracted fTOm sevc:n hK:atinllS and 

tcstc:..t in May 1994 while in situ testing wa., durw: over m()~ of the mof slab. l.>etails of the 

pumphooso: an: given helow :-

QmtnllHIe -

C OOCTetC sntde . 
Wiler I cemefl1 ratio -

Type of sleel -

Cover In stcel -

Coarse 3);gn:gatt: -

Fine aggregate . 

Con\lmctio!l details -

h OAfH 
I!AE~ KW"ltA 

so." ... 
eRE "'K"'''' ~ 

ATl/INTIC 
OCEm 

OnJin;IrY p"nlall(! C<;:mt:nl 

De:sign JO MPa , Core 4.'i "IVa 

0 .67 

H igh yield riht'ocd bars 

Design 25 mm, Recorded 17 - 69 mm 

19 mm £r.mitc: stone (Cape granite) 

Klipheuwel pit sand 

Poor "'''''~-r contr,,1 with some plawc scttkmcOl cracks 

-I~TA~ e -
/ 

D 

P,J .. P., :lI./S£ 
BUILo.NC 

KOEBEHG 
NUC ~ EII,R 
POWE~ 
STII,TlON 

.----'-:.~~ 
OU TLEY 1 ___ ____ ____ _ . _ _____ . _ _ 

Figure 5.4: Koehtrg Power Station Roof Slab 
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5_2A Sirandfnntcin Tidal Pool 

ThE.-- SWdndfo("uc1 n tidal pool Wll~ tlulll in 19110 on IhI>. N,~rth.. .... n end Ilf FaN." Bay. T he 

stnr~ture j, Upi...ed 10 mcd er,lte \\'~vc acti,m arll l 'I.lron~ winds Jurin~ ,1JRlmer. Tbe cOIl • .:rC«.' 

arrx:ars to tie In fai l' cumJition e~ccpl f~ ahfasinn dam:lge on the fmnt ~~Iion of the wall due 

10 attrition fmm Joose rul-ohle !l'iJ ~d against the wall . Testing wa.\ .Illite at eight posit ions 

a lo~ the wall during NOYOOlher 1993. Details t)f lilt: structure ~ re SI\'CO heJQw :-

Cement type -

Concrete gr~oo -

Water I cement ratio -

T~ of st.!el -

Coyer 10 sleet -

Coane aggrq;ale -

Fine agb'Tcgalc -

CoostnlClinn lk1a ils . 

85 'l OrdInary portland ~ement and IS <J, tly ~sh 

[)c~ign 35 MPa, Core 36 MPa 

0.61 

High yield rjb~ bar 

I)eo;ign 100 mm, Re(I)flled 100 · ] j() 10m 

19 mm greywach stooe 

Cape Flats dune sand twindhome def'l'~ iL~ - gap graded) 

(;." usint: a tr.tvdling ,huller with good compaction 

Figure 55: Strandfmucin Tidal Pool 
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The Cam~ Uay pumpstation was hu,lt in 1976 at the hJfl ,,(Caml'S flay !leach_ llJc Rrea i.< 

suhject to ruOOerate marine e ~po~ure with some wave act inn dur inG wimer >torms. The 

cnlKrete wa~ in good coO<.!itiun apart from \l Ime mifk)l" "·e~therinb \If the surface . Three 

lucaliow: .... -ere u~ for the testing in I'throaty 199-1. l)euils o f the rumpst ~t ion are given 

hel" ... :-

("ement type 

Concrete grade . 

Water ' cem'~111 rati,., · 

Type of sler! -

Covn to st~1 

Coar.;e 3ggrt"g<lte -

Fine 3!'.gte/o:ate -

r.lln~tru<:tlon detail< -

Oulina" !'\lnland ~cnlent 

[)eS'b'TI -l5 MPa , Core 6-4 MPa 

OA5 

High y,c1d nhbcd haT.' 

De., ibll 15 111111 , Recurde..1 110 - tOO ",m 

19 mn, gn:rwackc ~ ,,,,e 

CafIC FJ;ot, dune :;amI 

St~lId;lnl in .~itu con~tn":tirtn 

H gurt: 5.6: Camp~ lIay PumpMation 
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5.2.6 Oudd:raal Retaining Wall 

The Oud~kr.l.;t1 rttainin l: wall was built in 1975 m support Victoria Dri~ c as the road follows 

the ma'itlill<! !iOtJ(h of Camps Bay_ The wall i~ SUhJL'Ctcd to regular weni ng ffom wave action 

and is c.r.p:1SCtI In ,\t'\'t rc drying during suml1lo::r . T il<: .\UlJL1u re c~hihits s<:,«..-.II areas o f 

corrosion lbmagc and high Ie,'ds of ahrasiun &k:mg !he hooom of tilt 0.1'..,,11 . Six pll~ition~ 

were le:stOO on the wall in MardI 1994 De\.,i ls of the structure are :;hOW" helow :-

Cement type . 

Concrete grade -

Water I cement !'ati" -

Type of ';(1."('1 -

Cuver to sted -

Cmillic aggregate . 

Fine aggregate . 

COn\1nKtion deta il ~ -

Ordinary portland cement 

Design 35 MPa. C()(C 52 MPa 

0 .56 

High yield ribhed Nr 

Design 75 mm. Rel;ordL-.J 35 - 75 mm 

J() mm greywad :c ~tone 

Cape Flats dune s31111 

Slilmlard in SiTU cnnstruction 

Figure 5.7: Olldckraal Rl1aining Wall 
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5. 2.1 I~sl LontlotJ Urc<l l;watcr 

Cunereh! dul{~se ........ ·H· fir:<! ILIC4 o n 11K.- F -1-.1 I ~l<1dorl hlt:~kw~lt:r in tWx, 10 rcsi~ wave ;td;on 

from the prcv~ i ling We<>krly ~\':rHs. Tilt'. "l"l'.;Ikwa[er is suhjeo to ;.evere WllVe aclilln ~nd lilt' 

an'i1 i~ prOIll; 1(1 consistently high wind oqlC~'t1S , Tl!c do lus<;/: were genera lly in I'00f ,'on(lilll\O 

wilh ~ high I It:TC~ 1l1 ; !g~ uf hreakages ~Iicr 2~ years. Nine dolos:'>!: wer~ I c~l cll ~ll)nl! the 

breakwater during August and Nuvemhe r I ')1)4 . Oct.:tils of the oJolus.-e are given hduw :-

Cemem type -

COOCfE ' ;'> gratk -

Water I cement ratiu -

T}'fIt: of '>led -

Cover I() sk><:l -

CUilrsc aggregal~ . 

Fine &I!gregale -

Cunstruction d<:t.ails-

ope or 50 ';i!. OI'C and 50 % slag 

De.~ ip1 30 Mt'a (OPe) and 25 MPa (Slag). 

COIl.' 37 MI'!oI (orc) :tno.l)6 MI'a (S lag) 

0.68 (OPe) and 0 .70 (Slag) 

No n:infilft~mcnt 

NfA 

Graded mCIllrt1ilfJlho~d !ilI.ndstune 

Waslled sea SRnd 

Pre~ast un site with minima! curing 

Figure 5.8: Ea~t London f)r.:ak .... aler 
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52 8 Mu izenbc:r.c Bridges 

The Roya l Rua.l and l.~c k(lc\ lei hridr;cs were huil! in 1955 along the NOT1hern edge (lfFal~~ 

LliIy . The hri04"'" an: cxJ"rn'Cd 10 SI.':t Wale! HI hl ~h !Ide and aft: subj OCICI! W .'icvcrc sail spray 

del" l~lli(ln fmm 0I15h"'e wi ..... ls. Both hridj;C,<; c.hlhil t:d !O::vere C{lrrt)\Cilln d nM';!: un ht:am 

aoo ~Iah soffi L~ wh l~ h t~"ulr<:d mail!' rehaluhlati"" ..... " fl; . 'I'll.: hridr;e,<; were tC!;lcd at 23 

posililms primarily for chlundc cuntent and ~ iU'bunaliUl1 during April 1993 . lktails uf tilt: 

hridges aTe shown helOlw :-

Cement type . 

CUlICrctC !,'I"ddt: -

Water f cement r'lIljo -

Type of steel · 

Cu,-er (n Sieel -

Coarse aggregate -

rine aggregate -

Constnll'lion &tait~ -

Ordinary ponland cement 

Design 30 Ml'a . Cure 37 MPa 

0.67 

Mild !;teel round b>ir 

Dc~ign 6(l nlln. Rec(l r\k:!.l 4{] - 70 rnm 

19 mm greywad;c slo n<" 

Cape F\;m dune sand 

SI:mdard in siTU .::vn'itruclion 

Figure 5.<): Muizcnt>erg Hoyal Road Bridge 
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:>.2. 9 Wilderness Bridges 

The r eentjiesklip and TOllw Rivl'r hridge~ were huilt in 194R along the national mad N2 on 

the SOU1hcm C~IJ<: shordine 3t Wildeme~s . The hridge, are expo~e<l tn limited direct 

se~water attack hut onshore Winds hring in sail spray. Both bridge~ exhibited millor damage 

from steel cormS"lIl on the soffit~ of OC3ms where chloride l"()ocentral~,"S were highest . 

Seventeen locations were USL-U to test the two hridges during August 1994. Detail .. of the 

structures are given helow :-

Cement type -

Concrete grade . 

Water / cement ratio -

Type of sted -

Cover to steel -

Coarse aggregate · 

Hne aggregate · 

Construct jon details -

Ordirwy portland cement 

Design 30 MPa 

0.75 

Mild sted round bar 

Design 40 mm. Rewrded 30 . 85 mm 

]9 mm quartzite slone 

Local ri vcr sand 

Standard in situ construction 

l'ib'UTC 5.10: Touw River Bridge. Wilderness 
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') 2 10 Sea Point Toilet m()~.: k 

lllc Sc3 1'01111 tOilet " loci; wa~ "u,ll in 1946 imll\l.'dialct)" adj3(":I~ ,,, 11K- swimming floll.1 at 

the high tide mar~ . The "Ulllling 15 c~flIlSCI.IIO ~ m.,)(k'r,Ile manoc cnvirm.mcrll wull some 

wav~ acti u" Mid ahrasion dUring winla storms. The structure exhihit s wioc~prcad cl!rTusiun 

d~ mage in \)-..;: foml of cracking lind s:p~l ling of 111(" n) lTr~'fc!e , SC\'cn ~~ mplc lex'aliOIiS wcr~ 

lI'cd fur the In V\:\1.i gation do ne In Ju ly 19'14. Details o f the hllihhng ~rc .. moWT1 hc lllw : 

('enlt'lll IYfll' -

Corn:rcrc gl~(k; 

Water I cement ,:ni,' 

TyJlC .If .~ted 

CO\l.'" to Sled -

Cu,-,r~: a t:tr~ ~at~ -

Fioc aw~gM(' . 

C()nS\J1I(1i0I1 \l ~I~ils -

(}rd inMY ponland (Cln("(U 

IX,it O 25 MP~ 

0.7'j 

,.,Hl ll ., !t"C1 round hal 

1~9gn 5U mill, RccunJc.l 24 5Q mil' 

]Q mm gnmJlc ,moe 

Care Fi;Its dun~ "'1n,j 

SI~lldanJ in situ (:on,l1uo;(u)O 

Figure S. 11 : Sea Point Toikt Block 
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5.2. 11 Sea Pu int Alluarium 

Thl; Sea Poiot Aqu~rium wa~ hu ilt ill 193'1 al the end of (he Sea Point prun1en~<k ntar Bantry 

B~y . The aquanum is ~l b~d.: fmm the ~~ hut i~ C~I"J>.<:<.l e'mtimll)u~ I)' 10 1'>C2 ..... nl~r from 

hnlding IlInh io the l\a\Cmcnt o)f tbi:: ooil:lmg. W ldcspreo1J corru.'<.itJtl tlam~b"C WJS cvitlcnt in 

!he hast:ment due to ehlon,1e IIIgri::>S. Il<l"icularly on h<am 300 slllh :,offits , F.lghl posilioo~ 

we re u!.Cd tn ntlla ln !>iImf'lts along Ihe reta ining "'311. lIuring Ap£i l [994. ])cu ils of tit;: 

aquarium art shown !lelow :-

Cement type -

Cuocrete grade -

Water I eement ra tio -

Type ,of steel -

Cover (0 .ted -

C0arsc aggregate -

Fille aggregate -

Ct>nstrunioD dt:uils -

Ordinary portlanJ cement 

I)c~gn 25 MPa. C,ve 27 MPa 

0.75 

Mi ltJ ,",cd ruund har 

De'iign 50 IIUll, RccunJed 10 - 55 mm 

[~ mm granite stooe 

!)une sand 

Standar<.l in situ COllMruc\ion, pour complKtkN'l 

Figure 5.12: Sea Point A'lilarium 
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5.2.12 Simon.~lOwn Jelty 

Th~ Simon,10wn 1t:ny was huil! in 191 8 111 th ~ We'! of t.he naval tlockyanJ in Simun~luw!1 . 

Theictty is ~.~I'IOSI!d t IJ mi ld n1J.rin~ , ... )ndili'ln ~ heing in a ~hdtt:l'"~d h"y wilh link wave 

action. Damatc (Will $kx-I cO[T<I~ion has rca.;:h"lI an advanced level \\.ilh widc.'pread crdCking 

and spalling uf the C\)Yc:rcrdc ~umllllldtng [hc rdnfnn:cmml. Curn~i"n (Jama~ has r..>dllCOO 

tilt" k>ad c:ury ing .;al);ldty (If the Wlk1.IU C al'u l resulted in majn!" ,c""irs I .. ~,,~ wquin>d hI Ihe 

W"I~! afteo.:led me mbers. The rn idual 11111nhililY (If the structure W~~ a~<;cs~(] in hnuary 

1<)<)3 toy tc~li!lg at len h~: ali(Jm around the)",Uy. J)etaih of Ille Slm~lul!' arc giv,:n Ix'low. " 

Ccmrnl Iype 

(">ocr.:,,, grudc -

Wat .. .,. I n:mcl:t 1711;11 . 

T YPt' of S\.L'CI • 

Cover hI slrcl 

('OJfSC awcg~tc -

I·ira: aggregate -

ConSlroclinn <!ctai ls -

Ordl1l3ry ponJ~nd celJl<."ffi 

Ilc!oign 2.'\ M"~ . ('ore 19 MPa 

0.75 

Mild steel I'lHl!1<1 ha , 

Design 50 mm, Rr.<:orded 30 - 90 mill 

1J mm grcywal;kc ~ I"n c (p<lor quality) 

Duoc salld 

SUlndanl ill -.lIU comtrlK:tion 

Figure 5 .13: SimnnstQII'n letty 
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5.3 Experimental I'~ucedurc 

Durability inv~stigaljons of marine concrete structure~ wert: done using a comhination of 

visual observations. in situ testing amI lahoratory tC$t~ on cored and drilled samples_ Core 

an{) powder samples were taken from several locatioos on each structure 10 produce a 

representative sample of material conditions. The decision of who:n:: to sample wa~ ha~cd on 

an initial visual and in ,JIU surveyor the structure to d<:termine the range and extent of 

deterioration . 

Each structure wa~ examined visually to document evidence of damage ~uch a.\ cracking, rust 

staining, weathering and spalling of concrete. The visual examination was done [0 identify 

and detine areas of distress but tho: survey was limited and general interpretations were made 

as opposed to full documO:Dtation of the entire structure. Each reiuforced coucrete structure 

was evaluated in terms of the overall extent of reiuforcement corrosion and a subjective rating 

sy~tem was proposed. 

Corrosion Ratin ~ 

o 

2 

3 

4 , 
6 

Description of Condition of ,structure 

As built condition with no damage 

No evidence of corrosion but cxposur~ damage 

Minor signs of corrosion (rebar potentials < -350 mY) 

RIl.\t stains and minor distrcss 

Localised area.\ of spalliog 

Widespread concrete spalling, exposed rchar 

Severe corrosion affecting struchlral safety 

In situ testing of the structure wa.\ done using a combination of re~istivity, UPV. 

reinforcement co,"er d~pth and hall~ccn potential t~~ts. The insitu testing ptoTformcd on each 

structure was determined by the age. type and ~ondition of the concrete being investigated. 

Chloride·induced corrosion of steel in concrete i~ associated with anodic and cathodi~ areas 

along the reinforcement with consequent changes in electropotential of the steeL Potential 

mapping of rcinforcement is a relatively simple in situ technique which h related to lhe 

!hennodynamics of steel corrosion and may detennine the prohability of ~orrosion oc~urring 
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concrete cores mm UU'UU'~L"" were ':>v'h-",,,t,,,.rI at pm;lU{m on a structure. 

were 

saw 

core c;,tr,,:>n.:rth rlp,'pnn11"IPri 

was 

mm 

to 

· ... n'''r'»tp was eXlrralcte:a 

contents at 
3-4 

< 

1 

> 

C0l10blloe<1 to 

cores were 

to measure 

outer 5 mm 

mcrenlents to a 

cores were 

mm 

tests are 

a 

was 

was 

was 

a pot:entloDletIic 

were 

as 



Univ
ers

ity
 of

 C
ap

e Tow
n

'" 
5.4 Rxperimental Results 

Kt:sults fwm the investigation of twelve marine concrete suuctures pmduI.'ed a wide range 

of trends which are disI.'ussed in terms of ohservations from each structure and general 

oOservation~ . 

5.4_1 Observations Frum Structures 

a) Kogel Day Tidal Pool 

A grade 60 OPe concrete was used fur preca~1 units which made up the outer walls of the 

tidal pool wall and the connett appeared to have resi\1ed the severe ahrasive conditions 

satisfadorily. Concrete cores extraded from the wall showed some evidence of poor 

compaction hut durahility index results indicated a dcn<>e, high quality concrete with good 

potential durahility while core strcnb'lhs were between 70 and 82 MPa . 

Chloride ingress was surprisingly high for a gradt 60 concrete Which may have heeD panly 

due to the lack of 3<.:tive curing and inadequate compaction. The average diffusion coefficient 

of conl.,rete wa~ 5 .l!E-8 cm21_~ after thr~e years exposure which was much hightr than the 

diffusion cocfficieme of 2.5E-8 I.-"m'l s for grade 60 OPC concrete hh;ks after two v~ars 

eXpo'iure at Granger Bay (Chapter Four) . The concrete shnuld however provide adequate 

prote~tion to the reinfnrcement as th~ \1eel is galvanised and at covers in eJ\I.-"ess of 100 mm. 

No repair or preventative maintenance was therefore needed for the structure. 

b) Table Bay Breakwater 

The quality of I.-"oncrete observed on the dolosse varied considerably with many units 

exbibiting honeycomhing. cracks and poorly cast cold-joims at pod joints. The 24 tonne 

concrete armour units were exposed to heavy wave a~tion particularly during winter storms 

and several dolosse had heen damaged. Defects at podjoint<; probably conrrihuted to many 

of the failures observed at the front of the breakwater. While fluid transport mechanisms 

have limited bearing on the durahility ~rformance of mass concrete structures sudl as armour 

units , useful information was obtained regarding the chloride rc.,istance of ~on~rde under 

extrem~ marine I.-"ond itions. Figure 5.14a shows the general ~ondition of the dolosse . 



Univ
ers

ity
 of

 C
ap

e Tow
n

"5 

Figure 5. 14a: General Condition of Con~rek on DoIoss~ 

,~ 

. ..... lONE 

~ 
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I w , 

w "1 v 
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1l,IW",'TU 

'" 0 

" w 'j < , .. 
> 

"~ 
• 
~ 
~ ,. 
" 3 " 

0 1 

5 '2 ~ 1'- 'lO 'lO·7' 7!_ 100 

C!;:PTH INTO CONCRETE ('11m) 

Figure 5. 14h: Chloride Profile., in the Spray Zon~ 

Chloride ingress ""liS uniformly bi!;h in w e tl<bl. spla~h. amI Spl1l)' l.QOCS ..... ith lUI average 

lliffu~ion COt:fficicnt of 5.0E-S em'!. after six ycars . Concrete cast in summ~r had slightly 

higher chloride levds than concrete cast in winter, TII~ difference in chloride levels may be 
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allfihutcd to the drying uf (DOrmC during hot and dT)' ~ummer conditions and limited active 

curmg. In winter the cooler, olOi,>. comjitions alloweJ extended m()i~t louring from the 

environment re>ultiog in a dense concrete with betta chloride rc~i~tancc. ChloriJc profile" 

for ~ummer and winter cast uoio'>'>C in the spray zone are sh.own in Figure 5.14[,. No repair~ 

were recommended for the hrC'akwatcr hut improved tOnstruclion control wa, suggested for 

ncw uoio\sc ca .. t in the future_ 

c) Knchcrg Pumphousc Ruof 

Severe COfTOSIOI1 damage was oh~rved ill several ilIca~ ou lop of the roof ,jail which were 

generally associated with low oover d{:pth~ . Chloride contLllts at the rciuforccmO;!Jlt were 

uniformly high a.nd had penetrated in significant quantities to a depth of 75 mm. In situ lnts 

confirmed viwal eVidence of corrosion but interpretation was difficult in areas where 

deJammalion of the cover concrete had occurred, Tahle 5 ,3 gives details of cover dC'pths. 

resistivity. half-cell potentials and chloride contents at th~ reinforcement. ComxIed areas had 

low cover dC'pth,. low resistivity 311d high nC);ativc pott'ntials white sound areas gmcrally had 

deeper covers. high resistivity and medium to low negative rchar potential>. 

Tahle 5.3: Experimental Results From Koc:herg Pumphouse Roof 

--- --

~SAMPLE i COVER REStST- Ecorr CI@ GENERAL 

NUMBER , DEPTH tVITY (Cu/CuS04) STEEL CO NDITION , 
(mm) (kOhmcm) (-mV) (%1 1---- --

I " 
, 00 " ~ 0.3 Good with minor 

~, 
I :abres'on dama<;ji 

-~ 

, " 
, 

'" 0.59 I Cracking anci 
, mapr spa lling 

" " " '" co, 
-_.-------, 

Fair wilh some , 
we,"he,;ng 

~ . ~ ~~-

K< 00 , '" 0.48 Creck;nc;: and 
I delamo,-,--~?!, . _ 

"' " " no 0.49 Fa;, wnh somt 

w.athtrino _ . -
Ke " " '" 0.41 Weathering and 

minor cracks 
- -----

K7 " " 385 044 Rust sta ins 

~~ and ;,;acking ! 
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en\' rumnenl m30C premarur.: Uurahi lity fai lul'C mev' lahk:. Patl"h repairs we~ not 

the r",,r had proven to he inrfft:Clive. F.le<:trochenl1ca] desalination was a1."" nm 

recmnmen(kd as chloride-; had pcnctrdt<!IJ heyund the steel and would not he rellhlvcd fmm 

mil "on cr~te dl,ring desa lination and might d iffo s~ tJ~ck to the sted with time . Mcch~nka l 

removal <If chloride contaminated cuncrete wa~ therefore recommended ~nd rel"'~irs cual~d 

with ~ ~ui lltole waterproof scnxd 10 flJt\'~nl fonher chlurio:1e ingress. 

d) Strandfo"tein Tidal Pool 

Tilt: Slrdn(lfonle in t idal pool wall I'.""S in good cooJitiun after \3 year~ o;.ervicc apan from 

<;(l OlC ahrd~ i()n damag~ on the fro nt of tOO wall. shuwn In Figur~ 5.15a. F.lamin~tiun of 

CO n('Tctc curc~ re"ealed a dense material with no large pores and few v i ~ihl e v(lid~. 

Durability indell tests mdicated a hIgh qualit)" Concrete with luw permt:ahihty hu t with hd ow 

aVllrage &br~sinn rc~i\llInce hut a core strength of 36 MPa was measured for the grade 35 

concrete 

Fisurc 5.15a: Ahrasion Damage on Front of Wall 
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The rate of chloride ingre.\s W3' I,)w with an averclge diffmion coefficient of I 9E-S cm'!s 

afta thirteen years. Concrete eXflU'ed to ahrasion on the fmOl of the wall had higher 

chloride contenl~ than similar concrete on the .,>ide.'> of the pool shdt~rcd from ahra~ion . 

Ahrasion was l>clieved to have de.-.troyed the protective layer of insoluhlc ~al ts (hrucite and 

af3gonite) which depo~it on or near the ((mcrete surface of marine SlTuet ure~ and witrict the 

access of SC3walcr inlO roc C()IIlTete " Suhmerged concrete on the inside of the wall had 

lower eh loride contenL~ than tidal C()IIcrete due to the protected nature of suhmerged expmure 

3nd the lack of wetting and drying associaled with tidal action. Figure 5, 15h shows the 

chloride profiles for the three different exposure environments . 

• 

" 
,."- ; __ _____ 1-

e 
z 

, ~ c 
> 
w 
U 2.' 
C 
0 I , 
m 
w 

, 
< 
> 
r " u 
w 
0 

" 0 

" " I 
0 

• 
" . '" ,.. _ '" 50 _ 1!1 1!1 _ "'" 

OEPnI INTO CONCRETE (mm) 

Pigure 5 15h: Chloride Profiles For Strandfontcin Tidal Pool Wall 

The tidal poo l wall was in good condi ti()n hut continued ahrasion of th~ concrele could 

adversely affer! the durahility of the structure. Recommemlatiom were made to s~cure loose 

rubble on jJ'e se<lward face of the wan and thcrchy r~duce further ahrasion damage. 

c) Camps Bay Pumpstatioo 

The pumpstation was exposed to mild marine conditions iJeing exposed directly to seawater 

only at ~-pring high tides. The concrete wa~ in good condition with only minor weathering 

while cover depths were greater than 80 mm. Core strenh'lhs of o,'er 60 MPa were recorded 

hut durability index results were average except for penneahility which was high mmt 
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prt!l'l;lbly due 10 poor W nlJlaI.'1 '<JfI of the COIX:rt:U: ~~ io.len' frOIll the presc nce (If large vuid.\ . 

The ralC uf chlorido: pt.-n ~1ri,ti on wa~ relatively Slllll! with an average diffu!ilUn (oeffic ient uf 

1 9E-8 cm '/~ and a I" .... , surface coocentratioJl of 1.2 'li . Til<: relatively low rale uf diffusiun 

was Jlroil;lbly d~ more to the mi idn.:s:s (If ~P<,!,urc ra ther than me Hlherenl material 

resiStance o f the l"OllnCCe " ' ,",jell " 'a" ~Xpecli"Cl 10 he- PIInicularly good g,\'cn the durahility 

IflIle ~ tol results . ("h loriUc c"ntrnts at the QC'C I ran1.'Cd betwccn 0.08 amI 0 , 15 % which were 

well below the corros ion thre~l'klld leveL No repa irs or pr\!\'entative maintl'!lallCe was thuught 

n~,"'~sal)' for the fon:sccabk future hUI further monitoring ~hould be undenHken . 

T he rL1ailli ng wall was ill PI"'" ("() mlilion after nintlern year~ sen>ke wllb loc~ l i/.ed afC<IS of 

rust rui ning, curx: rd e ~l'al[in~. salt nystall ization and atlfa~ion damage. O 'rrosion damage 

<xcured in areas of low cuv~r ~ nd poorly compoctcd ~on cfl:te . At the Soud, end of the wall . 

Cl1wr depths of35 mm Cl1ntrihulw to the scvere corrosion and spalling IJf th ~ c,wer concrete . 

01ht. ... ueas had COVCI" dcplhs greater ihiIn 70 mm and f Cbar potcntial~ wne generall y in the 

pa.\sive range (> _350 mY). f'igurc5.t oo shows Inc extent of co m r..;lm & milge (lfl the wall . 

Figure 5 . 16a : £viokuct: of Corrosion Damage on Retaining Wall 
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Concrete 11\ the Sfllash 7.one had b irly high chloritlo: 1e\'~_ ls with an avcf3S~' diffusit'll 

coeffi cient o f t A E· !j e m '/~ I ndil-alj n ~ a modc:ralc fah: ur chloride il1gre_'\..~ . l)cfcr1h'<! areas 

~uc h a ~ H ach and hon.:yt:omhing wouhl allow more rapid chloriJ ~ ingrc~~ than th.lt mc3 ~urru 

in SQUmJ concrete _ Chklridc coo.lcnl~ at thc Sk'Cl wcrc between 0 .12 and 0 .:\5 'l, fN cllvcr 

depth, nf 70 mm and were lh<.'fdore lnwt:l' lh~ n tilt: c()m)~i()n thrc,h.old level. Pn:J ictioos 

of (uture chlorid.: !t:vds basel! on a COO~lant Jiflusion coefficient of I .<IF. -S cml/~ and a 

surta,:I: co!lc~nlTali()n of) .Q % :tiC ,llOwn in Fi!:,'UTC 5.16h. The age rcf,;rr.:cl to in the figure 

is the tunc {If t:Xpl)~;ure of the ~w.lfe f. om Cll II \llUction. Predicted eh Ionde 1c~c1~ ind icate 

that thc c I l lTm iQrl thm<hokl will "' I()n be ClC~t.'tl al cover dcplhs u f 70 rntll ( :tU'.ing IlMlfC 

widespread Sleet ClUO\ion. 

Recommendations wu-e made for jmmed~1rt: r-ef"lir\ (.f corro~ion dJmal,'C and dcfccr:iv<; areas 

wd a~ hnncycom"ing anJ nll ck.i n ~ . J.>r()tt{"1 inn of fhe (~mcrtre lI!' ing 3 harri er system wa~ 

al\o ~u g)!e~ted 10 prevent chloride reachHlg dangt:rmrs level~ at tM stee l .10d call \ ing 

wide~l'read cnfTo~i{ln damage of the l"et:l ining wall. 

~ 

",----- - -

, 

, 
·~H.s~n~D 

CHl :Jro DE 
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, 



Univ
ers

ity
 of

 C
ap

e Tow
n

20 1 

g) l~sl London Ured:will;:r 

Th~ in;jde4u.atc grave Ilf I.:llnnete used Ii)!" d() l n~~c (25. 30 MPa) (m the La\! London 

Jirc~kwa1Cr rC\ultw in pO"1' dura/liht} performance with many hreakagt:.\o ~nd the need for 

n::j;ul&r ref'3irs . The hrcalr.: ..... Mler is .:~posed I<l extremely heavy wave act in" ..... ith I~rl:e South 

W~lcrly swells bciflJ: ;,:"nmlOl'] :mt1 gf.'ncr;lIC hll~e f\ lrt1:s on Ihe 20 toone armour uniK The 

e~.~s l\'C lliI mlIgt: "f dol;r.-.o,,:c bas resulted lrl lhe lIarbul.n lIuthoritn:s b~\'ing Ii) f(fllac c <.lamagl"lJ 

;In.! 11»1 ook~e with new gra<k 40 dolu;.sr al rq;u l ~ r inlen{~ls. Fihure S.17~ s/lnw~ typical 

dJmaj.:~ txpcn~nccd by al'Ul"1II units duc to sturm waves. 

Complll"ativt information wa.~ obtained for OPe and slag coocrete hy testing dolossc Cll~t from 

either type of concrete, hl1lh of which wefe used during initial constrm:tion IIf Ihe breakwater_ 

l3cfore comparisons aTtl made belwCCIl OPC and ~Ja g concrete >orne aH(lw~nc e mu~t he made 

for 1M Iowa grade of the sills: (25 MI'aJ Iil WI of the OPe roncrcte (30 Ml'a) and the Jack 

of dfc:c1ive moist curing .lf !he dt/I()S!;Cafier ca~g. After 28 ~"t'afS the ((Ire SITCngth o fholh 

concrete 1)'J'C!i ", ... s similar toc:int: on a\'crdge 37 Mf'a. Vi~ual cxamination of do~ on site 

indicatoo thaI OPe concrete h3ll Icss abrasion 3n(] !>all crystaJ1iration d"lmat:t than slag 

concrete and this trt:nd was also foun(] when cores were tested for abra~ion resistance in the 
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lahoratory_ This trend might not have !lee" -',0 apparent at higher grades such as 40 and 50 

Ml'a which arc currently used for do losse production Slag concrete wa, more impcnn<:'ahlc, 

haJ lower chloride conductivity and lown chloride comcnl~ than ope concrete indicating the 

advaruagc of u,jng slag connerc for reinforceJ concrete ,,(metures in the marine cnvironmcm 

Average chloride profile, for (WC and slag concrete are shown in Figure 5 . 17h. 

,~---- -- ---------'-"-'-'-0-'-'-0-'-'11- 1 
4~ _--,_. ____ ._ S~~K:>""_!~R : i ~ 

; , &i.Ao. , - ,+,._ .. - ---_ ... _---,--_ .. _ .. __ .. _- _ .. _._-_ ... -

50- 7~ I~ - 100 

DEPTH IN r C CONCRETE (mm) 

Figure 5 . 17b: A vera);!: Chloride Profiles for ope and Slag Concrete 

The invcsti~ation found thai strength should he the main consideration when designin~ 

concrete armour unil~ to en~u r..: adequate performance under the severe CTlvironmenllll and 

loading conditions prevalent on a barhour breakwater. The refined por..: structure and 

cblon(le rt:>I>taoc~ of slag concrcte are less important on mas~ concrete structures tban 01] 

rei1]lorcoo concrete ~tnlCtures. 

b) Muizenbt:rg Bridges 

Botb the Royal Road and Zeckoevlei hridges eXhihited corrosion damage on beam and slab 

soffit~ with chloride content~ at the steel ranging between 0.17 and 2.26 %. The original 

grade of ]0 MPa and cove r depths of 50 mm were inadt:quate lor the severe exposure 

condition". Concrete in abutments and pier~ had high cbloride content~ but exhibit..:d no ~igns 
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n f Cun-'no lon protlahly du~ 10 l h~ salural ... i nJtlJrc "f !he Cflflcr:.1::, willd H$.Tlk;d the rale o f 

c(lm,s i,m The hridge de~h we rc i~u!al~d frolll ilhu'rnent~ ~nd Pk...-s and corrMum lKTurred 

prekrcntmll l :II th~ hnlhlm "f he~ 11l~ :Illd ~1ahs . 

01.1(; t" Ill<: a<h"illlC"ed n:nu re of (·om,,;i,m ,.n Ihe Zec~oe"h.:. hridge decL":. femedial "'~'rk was 

"'" cun5ukrcd ~fk1 (, '"'pkle re"'''-ai 'If the hrillj.:C d l"Ck w~. r.:t:umflll:nded . RUy-d i R",.d 

brillSc had sufkred r~ o;,'n' l'Mlfl d:amlge ami chlomlc pcncuation was !!;c flt"rdll y It:5s man 

I ()() mm Localized remedial work was r!lCumrncn(k-d to remove chlurioc-cllntaminalcd 

(·"m:n::tc and repair with a high qu~lily materi~ 1. 

i) Wildemeu BritJ~cs 

Tho: LeenUieskliJi and Toow Ri-·er ilri,iges "'~h ~bo .. 'C ... ~ igrts of (orrt~iun which W"d.' 

generally limi ted III kmg lludlfl~l ,Tach and minllr !>llaHing along beam :o;t)ffilS. Concrete of 

grade 25 and cover Jcpths of as luw a~ ]0 mm wen: rcsponsihlc f'lf" the d~1~ ri{)rati{)n 

nh~crved after 46 year~. " fI'I" fmm ~Dperfklal evidence of distress the hridj;C' were in good 

culkl itiun and the strul.1ulul int~grity <ljd n,~ appear 10 he adversely affe.'l00 . !-igure 5.18 

sM" "<; ]Ol·aJized c'IIT.\!>i,ln da mage 011 a tJ.,-~m sunit "r lbc- Toow Ri\"cf UritJ!;C 

Figur~ 5. 11:\: COrrn\I011 D~magc <If Touw River Bridge 
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Figure 5.20: Corrosion of Steel in Beam. Columns and Walls 

Given the extent of deterioration and the loss of ."truetural integrity, the only suitable repair 

oplion was demolition of the structure. A grade 40 slag Of fly a,h concrete with minimum 

cover of 50 mm was recommended for the new aquarium building. 

I) SimODslown Jetty 

Afta 75 years service, the Simonslown Jeuy had suffered extensive corrosion damage amI 

Ih<'Te was mllCem about the load carrying capacity of the strUCUlre. The worst affected areas 

of corrosion damage were above the high tide lewd and on beam soflits. Corrosion damage 

was aacerhated hy the slender confi!,'Uration of piers, beams amI diagonal hraces supporting 

the deck slab. Several pierx had heen propped to prevcnt further structural damage as can 

be seen in Figure 5.21a whict! shows the extent of corrosion damage on the fin1 span of the 

jetty. Exten,ive patch repairs of corrosion damaged area had been done in the past and 

repairs done in 1989 had failed when examined in 1993 and appeared to provide minimal 

protection to the structure. 
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Figure 5.21a: Corrosion Damage of Simoll.\town Jetty 

Carbonation depths wen: alilldow 7 mm but chloride levels were extrcmdy high in the tidal 

zone. Chloride con(ent~ in the concrete were signilicanrly higher in the tidal zone than in the 

splash zone due w tho: protected nature of tho;: sile with little wave action, Figure 5.21h 

shows Ule chloride profiles for tidal and splash zone concrete. Core strengths wen: low (\7 -

22 MPa) which indicates some Jo~'S of strength for the original grade 25 MPa material . The 

concrete had pOOT durahiliry index n:sults ami high penneahihty in some samples which 

indicated internal damage. 

The continued use of patch repairs to rehahilitate the structure will nO! signifi~antly prolong 

the servi~e life of (tIe structure and the money should rather be invt:sted in long-term repair 

solutions. The SUUCtufe bas n:,H:hed an advanced level of det~rioration with high levels of 

chloride contamination which would prevent wnventional repairs from heing effective. 

Cathodic protection coupled with ~trengthening of the ~iructur~ Il\ily provide the only practkal 

solution and may be more cost effective trum demolition and rehuitding of the jetty. Th~ 

aesthetic attraction and historical value of the jetty may make cathodk protection the only 

suitahle repair solution if demolition is not possihle, This advice was accepted and major 

repairs using cathodic protection are planned for 1996. 
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SITE 

NAME 

MUIZENBERG 

BRIDGES 

WILDERNESS 

BRIDGES 

SEA POINT 

TOILET BLOCK 

SEA POINT 

AQUARIUM 

SIMONSTOWN 

JETTY 

SAMPLE 

No. 

M3 

M6 

M9 

M10 

Z2 

Z3 

Z5 

W1 

W2 

W3 

L1 

L2 

T1 

T2 

T3 

T4 

T5 

01 

Q2 

03 

J1 

J2 

J3 

J6 

J7 

JB 

UPV 

4370 

RESIST- COVER CARBON-

IVITY DEPTH ATION LOCATION 

60 3 

55 3 

65 5 

60 2 

65 2 

70 3 

60 2 

30 10 

85 12 

200 3 

34 12 

33 15 

34 70 

49 65 

33 55 

35 70 

59 15 

50 40 

40 30 

50 50 

8 60 3 

5 

3 

7 

5 

6 

3 
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1 

SITE SAMPLE CORE OXYGEN SORP- CHLORIDE ABRASION 

NAME No. feu PERM. CONDUCT. RESIST. 

(MPa) INDEX (mm/ t'lr) (mS/em) COEFF. 

M3 41.0 - - - -
M6 37.7 - - - -

MUIZENBERG M9 - - - - -
BRIDGES M10 - - - - -

Z2 35.6 - - - -
Z3 34.3 - - - -
Z5 - - - - -

W1 - - - - -
WILDERNESS W2 Immm..-. - - -

BRIDGES - - -
L1 - - I - - -
L2 - - - - -

T1 - - - - -
SEA POINT T2 - - - - -

TOILET BLOCK T3 - - - - -
T4 - - - - -
T5 - - - - -

SEA POINT Q1 26.7 8.10 14.90 - 0.430 

AQUARIUM Q2 28.1 - - - -
Q3 27.2 - - - -

~ 4.98 -
SIMONSTOWN 8.49 5.31 - -

JETTY J3 - - - - -
J6 19.4 9.72 3.15 - -
J7 16.3 9.28 1.86 - -
J8 21.5 10.36 4.87 - -

3 
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NAME SAMPLE 

No. 

KOGEL BAY K1 0.57 0.34 0.22 

K2 1.66 0.70 0.21 0.08 

K3 1.85 0.90 0.23 0.14 

AVG 

01 1.29 0.70 0.38 0.21 

02 1.11 0.60 0.24 0.15 

03 0.80 0.33 

04 0.71 0.44 

05 1.25 0.64 0.30 

06 1.23 0.84 0.47 

1.05 0.63 0.28 

TABLE BAY 0.98 0.54 0.27 0.11 

BREAKWATER 1.11 0.74 0.39 0.19 

010 1.03 0.71 0.42 0.16 

011 0.98 0.51 0.21 0.13 

013 1.57 0.94 0.54 0.27 

014 1.51 0.67 0.39 0.22 

015 1.16 0.65 0.38 

0.54 

0.56 0.20 

K2 0.60 0.58 0.56 0.28 

K3 0.53 0.31 0.25 0.26 

KOEBERG K4 0.76 0.46 0.51 0.40 1.SSE-07 

PUMPHOUSE K5 1.53 0.64 0.49 0.33 

(12 1.46 0.91 0.41 0.32 

0.53 0.46 0.36 0.19 

STRANO- S4 4.33 1.98 0.78 0.28 

FONTEIN S5 3.84 2.09 0.59 0.47 

TIDAL POOL sa 3.15 1.88 0.38 0.25 

(13 1.44 0.36 0.20 

2.39 1.12 0.56 

1 
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NAME SAMPLE AL CHLORIDE CONTENT WIT 

No. - 25 25-SO . SO - 75 

C1 0.70 0.24 0.15 0.09 9.04E-09 1.00 

CAMPS BAY C2 1.03 0.56 0.28 0.10 1.68E-08 1.35 

PUMPSTATION C3 1.02 0.90 0.44 0.15 3.21E-08 1.35 

(18 AVG 1.93E-08 1.23 

01 2.95 1.29 0.46 0.15 1.02E-08 4.25 

OUDEKRAAL 02 2.39 0.80 0.45 0.06 9.B4E-09 3.25 

RETAINING 03 1.02 0.67 0.33 0.15 2.06E-OS 1.35 

WALL 04 0.61 0.21 0.12 0.10 8.72E-08 

(19 AVG 3.20E-OS 

El 2.43 1.78 0.98 0.45 1.nE-OS 

E2 3.06 2.57 2.26 2.05 1.73E-07 

E3 1.99 0.94 O.SO 1.59E-OS 

EAST LONDON E4 1.57 3. 33E-08 

BREAKWATER E5 1.76 1.00 2.16E-OS 

E6 1.13 0.35 6. 85E-09 

E7 1.37 0.3 0.25 4. 89E-09 

E8 2.46 0.51 0.36 6. 57E-09 

E9 2.98 0.64 0.35 6.53E-09 9.75 

3.18E-OS 4.79 

M1 2.74 1.75 0.69 0.67 1.07E-OS 

MUIZENBERG M2 5.05E-09 

BRIDGES- M3 2.4BE-OS 

M4 2. 29E-09 

ROYAL ROAD M5 0.78 0.41 0.27 1.23E-OS 

BRIDGE M6 2.56 1.63 1.33 1.01 2.79E-OS 

M7 1.80 0.94 0.47 0.31 7.SOE-09 

M8 2.28 0.87 0.16 3.23E-09 

M9 2.40 1.92 1.31 3.15E-OS 

M10 4.90 1.98 1.18 0.86 6.83E-09 

M11 3.88 3.23 1.87 1.12 2.21E-OS 

M12 1.69 2.43 1.27 0.92 4. 63E-08 

AVG 1.67E-08 

2 
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NAME 

MUIZENBERG 

BRIDGES· 

ZEEKOEVLEI 

BRIDGE 

WILDERNESS 

BRIDGES 

SEA POINT 

TOILET BLOCK 

SEA POINT 

AQUARIUM 

SIMONSTOWN 

JETTY 

CHLORIDE CONTENT WITH DEPTH 

2:;-~ ~- 75 75 100 

2.17 2.26 

0.33 

1.55 1.06 0.49 

3.26 2.57 2.28 

6.23 3.57 1.65 

3.84 3.24 3.13 

1.4' 0.43 

4.27 4.37 3.95 

1.02 0.30 0.27 

0.41 0.29 

0.44 0.31 

0.70 

2.39 

3 

1.72 

2.48 

2.65 

3.08 

0.85 

0.88 

7.92E-09 4.53 

2.29E-08 2.~ 

4.76E-09 3.10 

3.45 

3.90 

1.95 

2.04 

3.63E-08 4.75 

1.89E-08 8.00 

1.20E-07 4.~ 

'.84E-08 5.75 

4.24E-08 6.00 

1.13E-06 4.~ 

2.33E-08 3.~ 

1.64E-09 4.~ 

2.44E-09 4.00 

3.~ 

5.00 

5.10 
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560 

..... 480 .... 
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III 

~ 400 c 
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I!:! 240 
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...I 

Ef 160 
101.. 
...I 
<I( 
::I: 

110 

a""" ....... ,'''' 

17 

""hp.rp. COlldl1tlOIlS are more are 
21.22 

TIl 0.5 
FACTOR ~ 550. (330) 

AGGR£IiATE WASHED 
CEHENT TYPE V 

TtII£SIG.D POT£NTW. 

- . 
21 DAYS C1JRIIG - 21 DAYS CUAIIG 

--0- 14 DAYS CURING - 7 DAYS CUR .. 1i - 3 DAYS CURING 
..........- 1 DAY C1JRIIG 

o ~----~I -----r-----T~--~~----~----~----~----~----_, 
o 30 60 90 120 150 180 210 240 270 

TI1£ OF TEST, DAYS 

1 : MlettloclS 20 

as 

concretes 23 
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eXllOSt!d to a COIlCeJltralted roIlIDlent 26 

l""1"""i""t"',,",",," is comr»eOlsaltOO 

concretes 27. 

concrete 29. 

ele~ctJ~oc:henncal [ec:nnllUles to remove "" ..... ,-.-.,."' ... 

as cnLckm,g 

rate 

concrete 28. 
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to 

a recent 

not 

to 

concrete 

case current is apIJlle:o 

area are 
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are 

current is pa:ssea n,,...-.1",.."·'" 

Telrnpc)raJrv current ael!lS11t1es 
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31 

EXTERNAL 
ANODE MESH 

ELECTROLYTE 

CONCRETE SURFACE 

2+ 

1 1 1 I r r 

IS 

CONCRETE 
COVER 

REINFORCEMENT 

to ensure 

a 

nr""vFlru l1'li',,1"11 ................ eVOllUDlon at 

2-
4 

concrete 

COlrlUllUllty can not 
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remove 
32 

structures COIltainiIllg U. .. ,u.WLI.,.''"' 
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oeTloSlleo on 
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as occurs concrete 39,40. 

nature is more more 



Univ
ers

ity
 of

 C
ap

e Tow
n

1 
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concrete coatings OptllOns are sun:uruJLIi 
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1 : 

Cement 

Sand 

Stone 

Water 

A 

B 

C 

D 

E 

F 

TYPE 

)rtl:irI:111rv Portland 
Cement - PPC 

Flats Dune 
Sand 

19 mm 

TYPE OF 
CURING 

Potable 

Moist cured at 90 % 
R.H. for 7 

cured at 60 % 
R.H. for 7 

Shutter cured for 
7 

None 

None 

One Coat at 
7 

One Coat at 
7 

None 

None 

303 

801 

1050 

202 

25 mm 

None 

None 

None 

Two coats at 
8 

None 

None 
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COAL TAR 
EPOXY OF 
PRISMS 

TEST 
SOLUTION 

remove 

mm 

spt:cunelrlS were 

M(!aslureme:nts were 

ELECTRICAL 
CONNECTION 
TO REBAR 

100x100x200 mm 
CONCRETE PRISM 

T CAPILLARY i 
I RISE I 

reiJnto'rce:ment were COCllted 

were COCllted 

OO1tentlai me:aS11feme:nts were 

...... ,"' ..... '" were amount 

EPOXY 
COATING 
OF EXPOSED 
REBAR 

a 

to 

at 

a3mm 
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lIll:nIIlllmn cover 

Y16 AT 30 mm 
COVER DEPTH 

PRISM SIDES 
COATED WITH 
COAL TAR 
EPOXY PAINT 

concrete on 

CONCRETE DRYING 
UNDER MILD, OUTDOOR 
ENVIRONMENT 

450x300x150 mm 
CONCRETE PRISM 

------------------

un' ...... ..., were co:area 
water npl"",t1I"!lt1ll'1ln 

month test n""I"'IIVl 

. . 

450mm 
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summer COIIGI1tiOIlS 
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...... "'.u .... so 

E 
E 
o 
10 .-

over 
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'----------------" "<1------------' 
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concrete was mm concrete concrete 
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.,"" ...... ·v ... sea water or 
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were de1tenmI!IOO 
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seawalter/""""" .. ·",t", t.,t"'r"'''t.,...., are 

1 

at 
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eX(>OS111re so 

to munmllse u ..... v ...... 1". 
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CURING / 
No. COATING 

B 

c 

o 

E 

F 

Moist 

for 7 

for 7 

Shutter cured 
for 7 da s 

29.5 

24.3 

22.0 

27.0 

COl1lten.ts are 

concrete ('n1mn,~r"'11 to 

9.02 8.7 2.23 

9.42 9.8 2.06 

8.97 10.2 1.74 

9.56 8.B 1.24 

9.13 13.1 2.66 

9.35 10.5 2.14 

a 

to wet-

sutlme:n!:t=<i eJlVU'omneIllts are 
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~--..... --- .•.. ---.----------------~~ 
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5+---------... ~.~-~~-------·-~------~--~~ 5+--········ __ ~"--c~+.-~------------~------~--~ 

o 
fJ) 

+-·-·---~-----·-·-------·~~~-----------------4fJ) 4+----~~~~~~~~r_--------~------~--~ 
«( 

:::!: 
3+---··-----·-~r_------------~~--~~r_-- ~ 3+---~----~~~--~~------~------__ --~ 

0-5 

!II 
W 

·~---=~~======:_--1 ~ 2+····-·-~··--·····--········,···---~~-­
o 
...J 

...... J ... =S::::::~~= ......... _._ .. , ... - ....... -.-.. __ ... -_ .. -. -1 0 

5 - 10 10 - 15 15 - 20 20-25 
OL---T-------+-------~------+-------~--~ 

0-5 5-10 10-15 15-20 20-25 
DEPTH INTO CONCRETE DEPTH INTO CONCRETE 

contents measurea or 

sut'mc:~gc:d concrete. 

concrete 

structure. as sigrufic:ant 

as "' ........... _ ... ..,...,.. per1ronumce was assc~d. 

ore:dic:tiolrJS can 

concrete to ....... 11......, ..... '" penetration 



Univ
ers

ity
 of

 C
ap

e Tow
n

3.5
1 1 

3 0 

E 
E 
If) 2.5 C\I 
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C\I 

2 

+ 

1.5 .* •••• ~---.--. 

1 

0.5 

0 
1 1.5 2 2.5 3 

conte:nt versus 

more ... "",.""1""",,,,, 

concrete 

more np,[J!lIrlvP 
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~ 
o 

200 

100 

GRADE20lllPiII 
IIIILD STEEL 

Il1O Il1O 100 120 1'10 1Il10 1Il10 200 220 2'10 

TIME OF EXPOSURE (days) 

70ll.-----------------------------~~~~----

en 500 .......................... . 
::J 
U 
"3-
U ~,i··" .. --·--·-~-""---·---···················-------·-----·-,---,--1 
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~ 5OO1;--------c--~--~.---.------.-------.---.--~--~~ 
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200 220 2'10 
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..J 500 « 
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100 
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100 
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measurement relnt{)rClement was on a 

renllall!1ed constant 

th"", ... ""+n .. ",, not 

were 10c:ate:<1 1110m,e01:alel 
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concrete was 

reoluculg to mOGer'ate 

I'hll",..,,,',,, C01!1te!nts are 

concrete on 

concrete. 

summer to "n .. 11'-.............. u~ 

no eVluellce 

an 

~n1"''!li('p even 

ext)ost~d to WeWl1U! 
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700,---------------------------------------, 
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TIME OF EXPOSURE (days) 
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o 

0.5 1 1.5 2 2.5 

CHLORIDE BY WEIGHT OF CEMENT (%) 

Poten.tials versus 
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potc!ntiCllls « concrete. 

% 

concrete are 

cement. 

more 

nt()rcc~mlent was 

was most suc:ces:sru 

concrete 

concrete. 

ele.ctrloctlenllClU e;rctnlctiion are "'10 ...... " .... 

START 
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~ 3~················· .~~ .........................• ~...-.............. ........................ . ........ ,................................. .j 

::z 
~ 
u. 2.5 
o 
(f.) 
(f.) 2+··································;· .. ·· .. ············ .. , .. ~ .......... - .. ; ......................•............................. , 
<I( 

::::iii 
>- 1.5~-····--·;..·-·--·---·-·--------~-·--...I,---'--------;...---···-·····-·····1 
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IJ.I o 
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...l 

15 0.5.~·-·-··--;···--·-····---.i--··-----··~------~"--.:::,,."'+·-----···-·..;······-··1 

O.~--~----~------------~----~------~~ 
0-15 15-30 30-45 45-lIII0 lIII0-15 15-00 
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Univ
ers

ity
 of

 C
ap

e Tow
n

~ 
I­
Z 
III 
~ 
III 
() 
LA.. 
o 
en 
en « 
~ 

>­
CO 
III 
Cl 
a: 
o 
...J a 

~ 
I­
Z 
III 
~ 
III 
() 

LA.. 
o 
en 
en « 
~ 

>­co 
III 
Cl 
a: 
o 
...J a 

0-15 15-30 30-45 45-80 80-75 

DEPTH INTO CONCRETE (mm) 

0-15 15-30 30-45 45-80 80-75 

DEPTH INTO CONCRETE (mm) 

concrete ""19""'!lI .. • .... poUmfuLls « - 1 

too 

two mOILlths 

~ 
I­
Z 
III 
~ 
III 
() 

LA.. 
o 
en 
en « 
~ 

>­co 
III 
Cl 
a: o 
...J a 

~ 
I-
Z 
III 
~ 
III 
() 

LA.. 
0 
en 
en .« 
~ 

>-co 
III 
Cl 
a: 
0 
...J 
J: 
() 

0-15 

4: 

0-15 

more ratllOnU 

1!!-30 30-45 45-80 80-75 

DEPTH INTO CONCRETE (mm) 

15-30 30-45 45-80 80-75 

DEPTH INTO CONCRETE (mm) 
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S~lwalter or 
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3 

60 
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40 
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cause erroneous res:ults. 
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concrete a1'l'TlU'p 



Univ
ers

ity
 of

 C
ap

e Tow
n

some clTlCmnst:aOlces a more to 

concrete 

are COllSl(len~ 

concrete dwrability 

to 

1. use 



Univ
ers

ity
 of

 C
ap

e Tow
n

concrete : a 1"IT,nt"'rt1Iu", .u" ............ 

concrete structures 

treatment 

concrete structures 

concrete COlmlllOSllnCln 

on 

11. relnrClrcf~ concrete structures 

versus 



Univ
ers

ity
 of

 C
ap

e Tow
n

Pr~lct1ces on 

can we ...,A • ....,.~ •. next 

on ~"'''',,-i{''''' 

on 



Univ
ers

ity
 of

 C
ap

e Tow
n
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SEA WATER 

108 133 115 

465 210 

324 536 320 387 356 

568 319 545 363 371 329 623 408 

310 565 

281 607 422 346 254 619 336 639 499 

282 601 312 211 190 226 623 315 644 471 

241 612 371 287 178 187 185 639 308 651 465 

248 622 297 177 656 391 

226 6191 463 235 155 346 668 460 

40 292 625 487 192 162 391 660 517 

50 280 619 494 221 150 354 674 508 

80 240 609 492 176 410 669 564 

100 282 596 482 133 137 388 652 556 

306 583 519 114 126 415 650 545 

120 551 

139 118 
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179 160 148 157 

3 Eccrr I 168 158 148 151 

"loCI 

6 187 178 168 168 162 169 

10 

21 Eccrr 600 

"loCI 

30 Eccrr 607 

"loCI 

40 Ecc!'!' 610 

"loCI 

50 Eccrr 614 537 183 
"loCI 

60 :508 

100 Eccrr 633 558 209 580 322 246 444 395 232 

"loCI 2.44 0.33 0.18 0.04 0.87 0.29 

125 Eccrr 641 5~ 175 583 318 259 466 397 216 
"loCI 2.12 0.23 0.23 0.06 

160 Eccrr 634 

"loCI 

200 Eccrr 692 

o/n CI 
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UC1Illn~S were on 

test 

concrete 0"r'~1'1I"<' mm eXI}OSC~ 

more severe '"'v ..... , ....... , .. " 
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51 60 
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..e 50 
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et 
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were 
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1 E-07-,---------,-----...,.----,---....,-:::-:-:r.::=-=-:-=:--,-- r-------, 

... __ ..•............• ___ -:/-..• ____ . .l ..•...• , ... __ ._ .. __ -i---+---t-.---!--+----! .. _f--~ 

1E*~:+-------~---4---~--r-4--4--+-~~ 
1E*~ 1E~7 
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is 
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1: m 13.1S,16 

CONCRETE DIFFUSION COEFFICIENT REDUCTION FACTOR (m) 

TYPE RESULTS STRUCTURES 

OTHERS 

LOWEST - 0.11 0.44 - 0.30 
OPC HIGHEST 1.35 0.74 0.11 

AVERAGE 0.40 0.55 -0.08 0.39 0.18 

LOWEST 0.54 0.86 0.72 
FLY ASH HIGHEST 2.09 1.34 0.94 

AVERAGE I 1.04 1.10 0.81 0.67 

II 
LOWEST 0.24 0.78 

SLAG HIGHEST 1.80 1.09 

II 
AVERAGE 0.90 1.23 0.95 0.68 

II I II LOWEST - 0.39 
:t SILICA FUME HIGHEST - 0.13 

I AVERAGE 1.13 -0.28 

" 
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10 20 

3.00 1.83 1.03 0.52 0.22 
3.00 0.66 0.04 0.00 0.00 

0.1 3.00 2.15 1.49 0.98 0.62 
3.00 1.40 0.52 0.13 0.01 

3.00 2.39 1.88 1.44 1.09 
3.00 1.99 1.24 0.72 0.38 

.' 

10 3.00 2.57 2.18 1.84 1.54 
3.00 2.40 1.89 1.46 1.10 

100 3.00 2.70 2.42 2.16 1.92 
Fick 3.00 2.65 2.33 2.03 1.n 
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STRUCTURE AGE CONCRETE Dc REDUCT 

I 
NAME TYPE FACTOR m PREDICTED Dc AC 

D 

KOGEL BAY 3 OPC 0.29 5.2E-OS 4.6E-S 5.8E-8 

, 

I TABLE BAY 6 LASRC 0.29 9.0E-B 6.5E-B 5.1E-8 

KOEBERG 12 OPC 0.29 6.9E-B 4.1E-B 7.2E-B 

STRANDFONT. 13 15% FA 0.49 3.7E-S 1.5E-B 2.0E-S 

CAMPS BAY 1S OPC 0.29 2.6E-8 1.4E-S 1.9E-S 

OUDEKRAAL 19 OPC 0.29 9.2E-S 4.7E-S 3.2E-8 

EAST LONDON 28 OPC 0.29 1.BE-7 S.4E-8 6.0E-8 

EAST LONDON 2S 50% SLAG 0.68 5.3E-S 9.SE-9 9.3E-9· 

....... """.~'" were l1pt·P1M1nl 

COIIQUCtt,rttv was estimalted. 

estlma'te a two 

a. 
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mm. 

were pre:atctea stalloaro manner. 

m 

UPPER 

1 MEAN 

LOWER 

UPPER 

2 MEAN 

LOWER 

UPPER 

3 MEAN 

LOWER 

UPPER 

4 MEAN 13 
LOWER 36 
UPPER 0.39 6 

5 MEAN 0.45 
LOWER 0.51 51 
UPPER 0.59 9 

6 MEAN 

LOWER 

UPPER 

7 MEAN 12 
LOWER 0.27 33 
UPPER 0.39 6 

8 MEAN 0.45 13 
LOWER 0.51 45 
UPPER 0.59 10 

9 MEAN 4.13 0.64 37 
LOWER 3.15 0.66 >100 
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~NCRETE INITIAL MARINE CHLORIDE MOD. 2 Year 

NAME PE GRADE CURING EXPOSURE CONDUCT. CHLORIDE Dc 

(MPa) (Est.) CATEGORY CONDUCT. \cm"'!s) 

KOGEL 

BAY OPC 55 None Extreme 2.33 0.82 5.2E-8 

POOL 

TABLE 

BAY LASRC 50 Minor Extreme 2.15 1.04 9.0E-8 

BREAK. 

KOEBERG 

PUMP- OPC 30 None severe 3.35 1.61 6.9E-8 

HOUSE 

STRAND-

FONTEIN 15% FA 35 Minor Extreme 2.61 0.71 3.7E-8 

POOL 

CAMPS 

BAY OPC 45 Minor severe 2.26 0.73 2.6E-8 

PUMPST. 

OUDE-

KRAAL OPC 35 Minor Extreme 2.74 1.10 9.2E-8 

WALL 

EAST OPC 30 Minor Extreme 3.10 1.38 1.8E-7 

LONDON 

BREAK- SOOk SLAG 25 Minor Extreme 2.93 0.82 5.3E-8 

WATER 



Univ
ers

ity
 of

 C
ap

e T
ow

n

m 

o 
5.00 

o 

== 

1 

2 

100 

2.63 

40 
2.63 

1 

1 

= 

1 

1.19 



Univ
ers

ity
 of

 C
ap

e T
ow

n

\.SSl11minl! n measurements 

x y 

as 

= + 

Cia is y mt.en:ent. a1 is Xc is 
\ 

true re1a-e!;SlCln (',nplrT1{,'1PtU 

+ ±t 

+ ±t 

rell:re~;Sl(],n CIDetllCl.ent IS are 

is 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

cover concrete reSI)ect to 

concrete 

as measurea 

r""nt-,.,.r",~·ti concrete eXlom;ed to 

to v ... , ......... as 

cement content not nec:essarilv ...... '''/lI'.'''A satisfclct()ry ..... , .. 11,,, 

rliftpr,pnt CntmllCal as as ....... ,""'.,.'" 

tests concrete " .. v ........ not 

concrete must 



Univ
ers

ity
 of

 C
ap

e T
ow

n

It is eSSI~nUal case "'L ........ '''' concrete 

structures "'.UJun> not IS "",rnl1.r""rI to 

8 

structures ",nt'"'''"''' 

was 

two 

rate 

"VA,""" zone was n""y,,,,, .. ,.lh, eX1Do~ied to more severe eX1JOsure 

Uri'"'''''''''' is " ...... "", .. f, 

current me:{mJUS 

seawater 

... ~'vu,..... assessment 

extreme severe 

reS:lstance to 

cement 

concretes 



Univ
ers

ity
 of

 C
ap

e T
ow

n

8 

concrete "Tr1I1F"r .... "." 

IS rec:onlm,en<lea as 

8 

emrironment was 

1 

ensure 

to on 

amount 

are a nec:ess:arv to ImpJe:mc:mOlng a '\.."'H1'rPITI 

SJX~cltlcat101tlS to ensure sarlSUICUJIY 

.. u ....... ""vu is .. p.rn."~"'rI before 

is a more 

to nr",·..,p.lrlit 

can 

use as 

some , ............... ""'" 

ensure .,'u ..... v ...... 

on 

res;erurch were not COlIClllsnfe 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is new '''h,' .... '' to assess 

"t .. ' ... .,.,'"' "",u""un .. new structures 

to n"T· .. ~n. more 

zone. 

is 

to assess new 

.". .. 1",n ...... 11,rI .. <"", ... "",.£I aDl,li(:atilon is COll1S1Uelreu 

t) 

as 

...... · .... rl to po:ssllt>Ie ne!ll"at!ve Sloe-e:rre:cts 

a detlni1jve ;'VJ.'uu ... ,u 

to rec:ornlm(~naatl()ns were 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

seen 
as an ...... ,"' ... ,"" fileU100 

a 

ImlJfO'VeIlneIllts can "'I''''''''''''''LU6 concrete 

concrete structures is 

not .... ": ..... 11" 

concrete or nr'lou.t11n 

as nal>Pelnea 

on 

am now .... w'''''-''' to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. 2 




