
Investigating 
concrete's 
durability 
C o n c r e t e bu i ld ings poured 
in recent years appear to 
start c r u m b l i n g earlier than 
their p redecessors . 

A survey o f N o r t h Sydney 
bu i ld ings — d o n e in 1979 by 
M s S. G u i r g u i s o f the 
C e m e n t and Conc re t e 
A s s o c i a t i o n o f Austral ia — 
revealed this trend. It 
s h o w e d that 6 9 % o f the 
bu i ld ings less than 15 years 
o ld had no t i ceab le durability 
p rob l ems . M o r e surprisingly, 
bu i ld ings less than 5 years 
o ld had an even greater 
potent ial in this regard. 

T h e c o m m o n e s t p r o b l e m 
is rusting o f the steel 
r e in fo rcement wi th in the 
conc re t e . S i n c e the 
co r ro s ion p roduc t o c c u p i e s 
m o r e than tw ice the v o l u m e 
that the steel did, the interior 
expands and causes p i eces 
o f conc re t e to break of f f rom 
the surface. N o t o n l y does 
this disf igure the bu i ld ing , 
it's a safety hazard to p e o p l e 
near high-r ise bu i ld ings , and 
ul t imately it can create a 
structural weakness . 

A t the t ime o f the survey 
the annual c o s t o f repairs, 
Aust ra l ia-wide , was 
est imated to be $ 5 0 m i l l i o n ; 
by 1990 the f igure was 
predicted to rise to $200 
m i l l i o n . 

In no rma l c i r cumstances , 

c o n c r e t e provides steel 
wi th a protect ive coa t ing — a 
'passivating' f i lm — w h i c h 
is main ta ined by the 
alkalinity o f the c e m e n t (a 
p H o f at least 12) . O v e r t ime, 
this alkalinity can be 
d i m i n i s h e d by ca rbon 
d i o x i d e f rom the air 

penetrat ing the conc re t e . 

A n y c h a n g e in concre te 
fo rmula t ion that reduces 
long- te rm alkalinity is 
therefore suspected 
o f impai r ing conc re t e ' s 
durabili ty. T h e r e are, 
a c c o r d i n g to M r D o n Beres-
ford o f the CSIRO D i v i s i o n o f 

B u i l d i n g Resea rch , qui te a 
n u m b e r o f suspect 
c o m p o n e n t s . 

O n e s u c h ingredient is 
c a l c i u m ch lo r ide , s o m e t i m e s 
added to the c o n c r e t e to 
speed setting. H o w e v e r , 
ch lo r ide i o n s can fo rm 
h y d r o c h l o r i c acid and 
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destroy the protect ive f i lm 
o n the re inforcement . 
Sea spray c a n a l so provide 
this potent ia l ly cor ros ive 
i o n . 

In another c h a n g e , today's 
formulae often con ta in less 
Port land c e m e n t to reach the 
same speci f ied strength. 
I m p r o v e d t e c h n o l o g y 
in manufac tur ing c e m e n t 
and p ropor t ion ing conc re t e 
mixtures has b rough t this 
about . U s e o f less c e m e n t 
m a y lead to smaller reserves 
o f alkalinity, and earlier 
and m o r e rapid rusting. 

It is c o m m o n for f rom 15 
to 3 0 % o f c e m e n t to be 
replaced wi th fly ash f rom 
coa l -bu rn ing p o w e r stations. 
A s we l l as r educ ing cos t s , 
fly-ash c o n c r e t e can b e 
p u m p e d m o r e easily, and can 
ach ieve h ighe r strength 
levels than its unb l ended 
counterpart . H o w e v e r , tests 
s h o w that r educed long- te rm 
resis tance to ca rbon d i o x i d e 
may ensue . 

Other addit ives, i n c l u d i n g 
water- reducing agents , f ind 
their way into m o d e r n 

conc re t e , and these may alter 
the material 's poros i ty and 
permeabi l i ty . Env i ronmenta l 
factors s u c h as increased 
a i r -pol lut ion levels may also 
b e hav ing an effect. T h e r e 
are m a n y reasons w h y 
c o n c r e t e may b e decay ing 
earlier. 

M r Beresford and his 
c o l l e a g u e s are invest igat ing 
s o m e o f the m o r e l ikely o n e s 
in a research p rogram 
sponso red by the C e m e n t 
and C o n c r e t e A s s o c i a t i o n . 

T h e y are m a k i n g test 
b l o c k s o f c o n c r e t e and 
sub jec t ing these to 
accelera ted carbona t ion 
tests. U s i n g a c h a m b e r wi th 
a ca rbon d i o x i d e level 
m o r e than 100 t imes greater 
than n o r m a l ( 4 % by v o l u m e ) , 
they can s imulate 9 years o f 
outs ide e x p o s u r e in 8 w e e k s . 

A l t h o u g h the tests wi l l 
c o n t i n u e for s o m e years, 
s o m e pre l iminary results can 
be presented. 

T h e dep th to w h i c h 
ca rbon d i o x i d e penetrated 
into e a c h sample was 
revealed by breaking o p e n 
the sample and applying 
a p H indicator , p h e n o l -
phthale in . After 8 weeks in 
the test c h a m b e r , c a rbon 
d i o x i d e had penetrated 
29 m m in to the fly-
ash conc re t e , c o m p a r e d wi th 
18 m m in p la in conc re t e . 
T h i s test imp l i e s that fly-ash 
c o n c r e t e is less durable . 

H o w e v e r , ex tended water 
cu r ing greatly r educed the 
ca rbona t ion depth. A l s o , 
tests o n water m o v e m e n t 
th rough the samples , 
measured by c h a n g e s in 
w e i g h t o f the samples 
at var ious stages o f wet t ing 
and dry ing , s h o w e d that 
the fly-ash conc re t e absorbed 
less water. T h i s re inforces 
the v i e w that fly-ash tends to 
improve the watert ightness 
o f conc re t e , and water is o n e 
o f the e lements necessary for 
rusting. 

A s M r Beresford sees 
th ings at the m o m e n t , 
a l t hough fly ash may cause 
concre te to carbonate earlier, 

the rate o f c o r r o s i o n may be 
s lower . M a n y m o r e factors 
that affect durabili ty n e e d to 
be invest igated. Other 
research at the D i v i s i o n is 
directed towards establ ishing 
the best repair p rocedures 
for affected bu i ld ings . 

F r o m the var ious studies, 
a suitable bu i ld ing c o d e 
and a standard for durable 
conc re t e s h o u l d result; 
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