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Inf luence of Carbonation on M echan ica l Properties of Concrete
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Abstract: A s one of the mo st impo rtan t facto rs that determ ine the lifespan of a reinfo rced concrete structu re, car2
bonation no t on ly co rrodes the reinfo rcing steel, bu t also changes the m echan ical p ropert ies of concrete. Fo r bet ter

understanding the perfo rm ance of carbonated concrete structu re, it is necessary to study the m echan ical p ropert ies

of carbonated concrete. T he strees2stra in rela t ionsh ip of carbonated concrete w as analyzed on the basis of experi2
m ents. T he specim ens w ere m ade by m eans of accelerated carbonation and then comp ressed on the test ing m a2
ch ine. Som e very impo rtan t characterist ics of carbonated concrete w ere revealed by the test ing resu lts. In addit ion,

a usefu l const itu t ive model of carbonated concrete, w h ich p roved to be su itab le fo r analyzing carbonated concrete

m em bers, w as estab lished in th is research.
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In troduction
R einfo rced concrete st ructu res, expo sed to the

a ir con ta in ing abou t 0. 03% CO 2, a re under car2
bonat ion du ring their lifespan even at the very be2
ginn ing of their con struct ion. Carbonat ion is w ide2
ly recogn ized as a sign if ican t cau se of co rro sion of

reinfo rced bar in concrete 1 . How ever, in addit ion
to the deterio ra t ion of reinfo rced bar, carbonat ion

a lso changes the m echan ica l p ropert ies of concrete,

P ropert ies of carbonated concrete are d ifferen t

from tho se of fresh concrete. It is a lso w ell accep t2
ed tha t as long as the con st itu t ive m odel of con2
crete changes, the m echan ica l p ropert ies of con2
crete m em ber w ill certa in ly change. M o st of p re2
sen t researches are in terested in physicochem ica l
p rocesses of concrete carbonat ion, co rro sion of re2
info rced bar and du rab ility of reinfo rced concrete

influenced by carbonat in, etc 2 . Bu t few of them
have paid a t ten t ion to the changes in the m echan i2
ca l p ropert ies of concrete cau sed by carbonat ion.

　　T he resu lts of the influence of carbonat ion on

m echan ica l p ropert ies of concrete are to be repo rt2

ed in th is paper. T he com p ressive stress2st ra in re2
la t ion sh ip of carbonated concrete w as m odeled
m athem atica lly and app lied to the ana lysis of car2
bonated concrete m em bers.

1　Exper im en ta l Procedures
1. 1　Carbona tion Process

T radit iona lly, carbonat ion of concrete is de2
f ined as the chem ica l react ion betw een atm o spheric
carbon diox ide and the p roducts of cem en t hydra2
t ion Ca (OH ) 2, in acco rdance w ith the react ion as

Eq. (1) :

Ca (OH ) 2+ CO 2→CaCO 3+ H 2O (1)

How ever, it is now accep ted tha t o ther hydra2
t ion p roducts a lso react w ith CO 2. Carbonat ion no t

on ly destroys concrete’s a lka lin ity, lead ing to the

depassiva t ion of the steel, bu t a lso changes the m i2
cro structu re of concrete, and con sequen t ly influ2
ences the m echan ic p ropert ies of concrete 3 .
1. 2　Prepara tion of Test Spec im en s

T he experim en ta l p rocedu res and m ateria ls

u sed in th is research confo rm ed to the relevan t
Ch inese standard specif ica t ion s. T he m ix p ropo r2
t ion s of the tested specim en s w ere show n in T ab.

1. Tw o types of specim en s w ere p rovided. T he

num ber of p rism m easu ring 100 mm ×100 mm ×
300 mm w as 16 and the num ber of p rism m easu ring
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40 mm ×40 mm ×100 mm w as 24. T hese speci2
m en s w ere designed fo r d ifferen t pu rpo ses. Som e

w ere cast to m easu re the dep th of carbonat ion,

som e uncarbonated served as the con tro l group ,

and the o thers w ere carbonated fo r com p ressive

tests. A fter 28 days of w ater cu ring, the test ing

specim en s, excep t con tro l group’s specim en s,

w ere tran sferred to the carbonat ion cham ber to get

carbonated specim en s by m ean s of accelera ted car2
bonat ion. To sim p lify the ana lysis of experim en ta l

resu lts, tw o end sides w ere coa ted w ith a carbona2
t ion2resistan t w ax to assu re tha t CO 2 can en ter

on ly from the o ther fou r sides of the specim en s.

Tab. 1　M ix proportion s of the tested spec im en s

T ype
Specim en dim ension

ö(mm×mm×mm )
N um.

W ater Cem ent Sand A ggregates

ö(kg·m - 3)

T 1 40×40×100 24 215 345 508 1 332

T 2 100×100×400 16 215 345 508 1 332

　　T he carbonat ion cham ber con ta in s 10% CO 2

and is 70% in hum idity. A t the variou s in terva ls,

som e p rism specim en s w ere taken ou t of the car2
bonat ion cham ber to m easu re the dep th of carbona2
t ion in concrete. T he dep th of carbonat ion w as in2
dica ted by the pheno lph tha lein so lu to in. A fter 170

days of accelera ted carbonat ion, the specim en s

w ere taken ou t and tested on the com p ressive test2
ing m ach ine. T he experim en ta l resu lts w ere

reco rded in load2defo rm at ion cu rves w ith au tom a2
t ric X 2Y reco rder.

2　Exper im en ta l Results
2. 1　Carbona tion D epth and Area

T he resu lts of the carbonat ion test a re show n

in T ab. 2. In th is test, the carbonat ion ra te w as

slow er than expected. T he cau se m igh t be tha t the

st reng th of concrete in th is test w as h igher than

the designed. How ever, th is d id no t affect ou r re2
search becau se the focu s of th is research w as the

rela t ive carbonat ion area of the specim en sect ion s

and the carbonat ion dep th w as nearly even in the

fou r sides. T he rela t ive carbonat ion area w as ca l2
cu la ted and show n in T ab. 2.

2. 2　Results of Com pressive Tests
In th is test, the u lt im ate st ra in of concrete

w as defined w hen the stress decreased to 85% of

the m ax im um stress in the declined stage. T he av2
erage stress and stra in of a ll specim en s in each

group in the com p ressive test w ere summ arized in

T ab. 3.
Tab. 2　Average carbonation depth and area

T ype Group N um.
A ver. carbonation

dep thömm

Carbonation

areaö%

T 1 Carbonated 10 9. 06 70. 1

T 1 U ncarbonated 10 0 0

T 2 Carbonated 6 14. 9 50. 7

T 2 U ncarbonated 6 0 0

Tab. 3　Results of com pressive test

Type Group
A ver. m ax. stress

öM Pa

A ver. strain under

m ax. stress×103

A ver. u ltim ate

strain×103

T 1 Cabonated 50. 9 1. 98 2. 40

U ncarbonated 34. 9 2. 03 3. 59

T 2 Carbonated 43. 7 1. 92 2. 77

U ncarbonated 33. 6 1. 90 3. 80

3　Ana lys is of Exper im en ta l Results
Based on the experim en ta l resu lts, som e

changes of p ropert ies in the carbonated concrete

com paring w ith tho se of the uncarbonated concrete

are summ arized. T hese changes are decisive
param ters in the stress2st ra in rela t ion sh ip of car2
bonated concrete.

3. 1　 Stra in of Carbona ted Concrete under the
M ax im um Stress

Com paring the stra in under the m ax im um

stress of the carbonated concrete w ith tha t of the

uncarbonated concrete ( listed in T ab. 3) , the ra t io
of them w as app rox im ately equal to 1. 00 ( the ra t io

of T 1 w as 0. 98, and the ra t io of T 2 w as 1. 01). It

appears tha t the st ra in of concrete under the m ax i2
m um stress w as less affected by carbonat ion. T h is
is illu st ra ted in F ig. 1.

F ig. 1　Comparison of stra in under the m ax im um stress
(T 2 specim ens)

1, 2, 3- U ncarbonated concrete; 4, 5, 6- Carbonated concrete
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3. 2　The M ax im um Stress of Carbona ted Concrete
T he cro ss sect ion in the specim en s can be sep2

ara ted in to tw o parts after carbonat ion: carbonated

reg ion and uncarbonated reg ion as show ed in F ig.

2. T hese tw o parts perfo rm differen t con st itu t ive
law s, so it is essen t ia l to ana lyze the m ixed sect ion

p rob lem. It is assum ed tha t: (a) the st ra in is com 2
pat ib le and con sisten t betw een the carbonated and
uncarbonated concrete a t the in terface; ( b ) the

stra in d ist ribu tes linearly a long the dep th of the

sect ion; (c) the shear defo rm at ion s are neglig ib le

and no t con sidered. T hu s the carbonated specim en
in com p ression is d ivided in to tw o parts:

P = P c + P u (2)

　　P—fo rce on the fu ll sect ion of specim en,

P c—fo rce on the carbonated sect ion,

P u—fo rce on the uncarbonated sect ion.

F ig. 2　Separat ing of sect ion

　　 If the average stress on th is sect ion, st ress of

uncarbonated sect ion and area of uncarbonated sec2
t ion are know n, the stress of fu lly carbonated con2
crete can be ca lcua ted ou t. T hen the con st itu t ive

law of fu lly carbonated concrete can be developed.

T he u lt im ate st ress of the fu lly carbonated con2
crete ca lcu la ted by th is m ethod is show n in T ab. 4.

T he m ax im um stress of carbonated concrete w as

im p roved by app rox im ately 60% as com pared w ith

tha t of uncarbonated concrete.

Tab. 4　The ca lcula ted ultimate stress of fully carbonated

concrete

Type
Calcu lated u ltim ate stress of fu lly

carbonated concreteöM Pa

R atio of strength imp roved

by carbonationö%

T 1 57. 7 65. 4

T 2 54. 3 61. 3

3. 3　The Ultima te Stra in of Carbona ted Concrete
Com paring the u lt im ate st ra in of carbonated

concrete w ith tha t of uncarbonated concrete ( listed

in T ab. 3) , the reduct ion in the ra t io of u lt im ate

st ra in cau sed by carbonat ion w as app rox im ately
equal to 30% ( tha t of type 1 w as 33. 1% , tha t of

type 2 w as 27. 1% ). T he deta ils w ere show n in

F ig. 1 and F ig. 3, and the da ta a lso illu st ra ted tha t
carbonat ion decreased the duct ility of concrete.

F ig. 3　R ep resen tat ive stress2stra in relt ionsh ip of carbonat2
ed and uncarbonated concrete

4　Stress-Stra in Rela tion sh ip of Car-

bona ted Concrete and Appl ica tion

　　T he stress2st ra in rela t ion sh ip of concrete g iv2
en by Hognestad w as an ex ten sively u sed m odel fo r

no rm al concrete. It w as show n in F ig. 4 4 . To an2
a lyze the carbonated concrete m em ber, the m odel

m u st be m odified acco rd ing to the characterist ics of
carbonated concrete. F rom the analysis above, it is

p ropo sed tha t the st ress2st ra in rela t ion sh ip of car2
bonated concrete cou ld be derived based on the

stress2st ra in rela t ion sh iop of uncarbonated con2
crete by increasing the m ax im um stress by 60% ,

F ig. 4　Hognestad model of stress2stra in rela t ionsh ip fo r

o rdinary concrete
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decreasing the u lt im ate st ra in by 30% and m ain2
ta in ing the sam e stra in under the m ax im um stress.

T he stress2st ra in rela t ion sh ip of carbonated con2
crete w as exp ressed as fo llow s:

Ρ = 1. 6f c 2
Ε
Ε0

-
Ε
Ε0

2

　　　fo r Ε≤ Ε0

Ρ = 1. 6f c 1 - 0. 15
Ε- Ε0

0. 7Εu - Ε0

　　　fo r Ε0 < Ε≤ 0. 7Εu

(3)

　　w here Ε, Ρ is the st ra in and stress of carbonat2
ed concrete respect ively; f c, Ε0, Εu is the m ax im um

stress, the st ra in under the m ax im um stress and

the u lt im ate st ra in of uncarbonated concrete respec2
t ively.

　　T he m odified m odel fo r carbonated concrete
w as app lied to ana lyze of the m echan ica l p ropert ies

of carbonated concrete beam s in th is test. T he

test ing beam is a sim p ly suppo rted beam and its

leng th is 12. 0 m. T he cro ss sect ion is 100 mm×
150 mm and the carbonated dep th of concrete is

abou t 11. 6 mm. T he com p ressive streng th of con2
crete of abou t 25. 0 M Pa. T he analyt ica l resu lts of

them w ere show n in F ig. 5. T he theo ret ica l load2
deflect ion cu rve of beam is in good agreem en t w ith

F ig. 5　Comparison of load2deflect ion cu rves

tha t of test. So the m odel of carbonated concrete’s
st ress2st ra in rela t ion sh ip w as p roved to be su itab le

fo r ana lyzing the carbonated concrete m em ber.

5　Conclus ion
Carbonat ion changes the m echan ica l p ropert ies

of concrete. In one hand, it increases the streng th

of concrete, on the o ther hand, it decrease the u lt i2
m ate stra in of concrete. So carbonat ion m ay de2
crease the duct ility of concrete m em ber. W hen an2
a lyzing the seriou sly carbonated concrete m em ber,

it w as suggested tha t the influence of carbonat ion
on the m echan ica l p ropert ies of concrete shou ld be

taken in to accoun t. T he m odel p ropo sed in th is pa2
per is sim p le and su itab le fo r ana lyzing the carbon2
a ted concreted m em ber.
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