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Inf luence of Carbonation on M echanical Properties of Concrete

L IAN G Fa-yun'" ( ),

CH EN L ong-zhu'( ),

L 1 Jian-bao’ ( )

(1 School of Civil Eng andM echanics, Shanghai Jiaotong U niv. , Shanghai 200030, Ching;
2 School of Civil Eng , TongjiU niv. , Shanghai 200092)

Abstract. A sone of themost mportant factors that detem ine the lifegpan of a reinforced concrete structure, car-
bonation not only corrodes the reinforcing steel, but als changes them echanical propertiesof concrete For better
understanding the performance of carbonated concrete structure, it is necessary to study themechanical properties
of carbonated concrete The strees strain relationship of carbonated concretew as analyzed on the basis of experi-
ments The gpecimensw ere made by means of accelerated carbonation and then compressed on the testing ma-
chine Some very mportant characteristicsof carbonated concretew ere revealed by the testing results In addition,
a useful constitutivemodel of carbonated concrete, w hich proved to be suitable for analyzing carbonated concrete

maeambers, was established in this research
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Introduction

Reinforced concrete structures, exposed to the
air containing about Q@ 03% CO2, are under car-
bonation during their lifepan even at the very be-
ginning of their construction Carbonation isw ide-
ly recognized as a significant cause of corrosion of
reinforced bar in concrete’ . How ever, in addition
to the deterioration of reinforced bar, carbonation
al changes them echanical propertiesof concrete,
Properties of carbonated concrete are different
from those of fresh concrete It isalsow ell accept-
ed that as long as the constitutive model of con-
crete changes, the mechanical properties of con-
crete menber will certainly change M ost of pre-
sent researches are interested in physicochemical
processes of concrete carbonation, corrosion of re-
inforced bar and durability of reinforced concrete
influenced by carbonatin, etc’. But fav of them
have paid attention to the changes in the mechani-
cal propertiesof concrete caused by carbonation

The resultsof the influence of carbonation on
mechanical properties of concrete are to be report-

Received date: 2002-04-15
* E'mail: fyliang@sjtu edu cn

CIMS Papers World

ed in thispaper The compressive stress-strain re-
lationship of carbonated concrete was modeled
mathamatically and applied to the analysis of car-
bonated concretemembers

1 Exper mental Procedures

1 1 Carbonation Process

T raditionally, carbonation of concrete is de-
fined as the chemical reaction betw een atmoheric
carbon dioxide and the products of cenent hydra-
tion Ca(OH)2, in accordancew ith the reaction as
Eq (1):

Ca(OH) 2+ CO2-CaCOs+ HO (1)

How ever, it isnow accepted that other hydra-
tion productsalso reactw ith CO2> Carbonation not
only destroys concrete’s alkalinity, leading to the
depassivation of the steel, but als changes them i-
crostructure of concrete, and consequently influ-
ences them echanic properties of concrete® .
1 2 Preparation of Test Specimens

The experimental procedures and materials
used in this research conformed to the relevant
Chinese standard gecifications Themix propor-
tions of the tested gpecmenswere shown in Tah
1 Two types of ppecmenswere provided The
number of prisn measuring 100 mm x 100 mm X
300mm w as 16 and the number of prisn measuring
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40 mm X 40 mm x 100 mm was 24 These Peci-
mensw ere designed for different purposes Some
were cast to measure the depth of carbonation,
me uncarbonated served as the control group,
and the others were carbonated for compressive
tests A fter 28 days of water curing, the testing
ecimens, except control group’s gecmens,
w ere transferred to the carbonation chanber to get
carbonated gpecimens by means of accelerated car-
bonation To simplify the analysisof experimental
results, two end sidesw ere coated w ith a carbona-
tion-resistant wax to assure that CO: can enter
only from the other four sidesof the ecimens

Tab 1 M ix proportionsof the tested specmens

Specimen dimension W ater Cement Sand A ggregates

Type
» /(mmx mmx mm) /(kg- m" 3)
T1 40x 40x 100 24 215 345 508 1332
T2 100x 100x 400 16 215 345 508 1332

The carbonation chanber contains 10% CO:
and is 70% in humidity. At the various intervals,
vme prisn gpecimensw ere taken out of the car-
bonation chanber to measure the depth of carbona-
tion in concrete The depth of carbonationw as in-
dicated by the phenolphthalein solutoin A fter 170
days of accelerated carbonation, the gecimens
w ere taken out and tested on the compressive test-
ing machine The expermental results were
recorded in load-deformation curvesw ith automa-
tric X =Y recorder.

2 Exper mental Results

2 1 Carbonation Depth and Area

The resultsof the carbonation test are shown
in Tabh 2 In this test, the carbonation rate was
slow er than expected The causemight be that the
strength of concrete in this test was higher than
the designed How ever, this did not affect our re-
search because the focus of this research was the
relative carbonation area of the pecimen sections
and the carbonation depth was nearly even in the
four sides T he relative carbonation areaw as cal-
culated and shown in Tah 2
2 2 Realtsof Canpressive Tests

In this test, the ultmate strain of concrete
w as defined w hen the stress decreased to 85% of
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themaxmum stress in the declined stage The av-
erage stress and strain of all gpecimens in each
group in the compressive test were summarized in

Tah 3
Tab 2 Average carbonation depth and area

Aver. carbonation Carbonation

Type Group N um. depth/fnm area/%
T1 Carbonated 10 9 06 70 1
T1 U ncarbonated 10 0 0
T2 Carbonated 6 14 9 50 7
T2 U ncarbonated 6 0 0

Tah 3 Reaultsof canpressive test

Aver max stress Aver strain under A ver ultmate

Type  Grow M Pa max_stressx 103 strainx 103
T1 Cabonated 50 9 1 98 2 40

U ncarbonated 349 2 03 359
T2 Carbonated 43 7 192 277

U ncarbonated 336 190 3 80

3 Analysisof Exper mental Results

Based on the experimental results, some
changes of properties in the carbonated concrete
comparing w ith those of the uncarbonated concrete
are summarized These changes are decisive
paranters in the stress-strain relationship of car-
bonated concrete
3 1 Strain of Carbonated Concrete under the

M aximum Stress

Comparing the strain under the maximum
stress of the carbonated concrete w ith that of the
uncarbonated concrete (listed in Tab 3), the ratio
of them w as approximately equal to 1 00 (the ratio
of T:was Q 98, and the ratio of Towas 1 01). It
gppears that the strain of concrete under the maxi-
mum stressw as less affected by carbonation This
isillustrated in Fig 1
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Fig 1 Comparion of strain under the maximum stress

(T2 pecimens)
1, 2, 3- U ncarbonated concrete 4,5, 6- Carbonated concrete
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3 2 TheMaximum Stressof Carbonated Concrete
The cross section in the gpecimens can be sep-
arated into two parts after carbonation: carbonated
region and uncarbonated region as showed in Fig
2 These two parts perform different constitutive
lavs, 90 it isessential to analyze them ixed section
problam. It isassumed that: (a) the strain is com-
patible and consistent betw een the carbonated and
uncarbonated concrete at the interface (b) the
strain distributes linearly along the depth of the
section; (c) the shear deformations are negligible
and not considered Thus the carbonated gpecimen
in compression is divided into two parts
P= Pc+ Py (2
P—force on the full section of gpecmen,
P.—force on the carbonated section,
P.—force on the uncarbonated section

Carbonated part

Uncarbonated part

| b2d. |4,
b

Fig 2 Separating of section

If the average stresson this section, stress of
uncarbonated section and area of uncarbonated sec-
tion are know n, the stressof fully carbonated con-
crete can be calcuated out Then the constitutive
lav of fully carbonated concrete can be developed
The ultimate stress of the fully carbonated con-
crete calculated by thismethod is shown in Tah 4
The maximum stress of carbonated concrete was
mproved by approximately 60% as comparedw ith
that of uncarbonated concrete

Tab 4 The calculated ultimate stress of fully carbonated

concrete
Type Calculated ultimate stressof fully Ratio of strength mproved
carbonated concreteM Pa by carbonation/%
T1 577 65 4
T2 54 3 61 3
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3 3 The Ultmate Strain of Carbonated Concrete
Comparing the ultimate strain of carbonated
concretew ith that of uncarbonated concrete (listed
in Tab 3), the reduction in the ratio of ultmate
strain caused by carbonation was approximately
equal to 30% (that of type 1was 33 1%, that of
type 2was 27 1%). The detailswere shown in
Fig 1 and Fig 3, and the data al= illustrated that
carbonation decreased the ductility of concrete
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Fig 3 Representative stress-strain reltionship of carbonat-
ed and uncarbonated concrete

4 Stress-Strain Relationship of Car-
bonated Concrete and Application

The stress-strain relationship of concrete giv-
en by Hognestad w as an extensively used model for
nomal concrete Itwas shown in Fig 4. To an-
alyze the carbonated concrete member, the model
must bemodified according to the characteristicsof
carbonated concrete From the analysisabove, it is
proposed that the stress-strain relationship of car-
bonated concrete could be derived based on the
stress-strain relationshiop of uncarbonated con-
crete by increasing themaximum stress by 60%,

&
P v
c .
! 0,151,
3 -1
(o) b“o £, &

Fig 4 Hognestad model of stressstrain relationship for
ordinary concrete
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decreasing the ultimate strain by 30% and main-
taining the sane strain under themaximum stress
The stress-strain relationship of carbonated con-
cretew as expressed as follow
£ £
o= 1af22. 4]
fore< &

e } (3
Q7¢ - &
fore< €< Q 7g,

o= 1 6fc|:1' Q 15

w here € 0 is the strain and stress of carbonat-
ed concrete repectively; fc, @, & isthemaximum
stress, the strain under the maximum stress and
the ultimate strain of uncarbonated concrete regpec-
tively.

The modified model for carbonated concrete
w as applied to analyze of themechanical properties
of carbonated concrete beans in this test The
testing bean is a smply supported bean and its
length is 12 Om. The cross section is 100 mm x
150 mm and the carbonated depth of concrete is
about 11 6mm. The compressive strength of con-
crete of about 25 OM Pa T he analytical results of
them were shown in Fig & The theoretical load-
deflection curve of beam is in good agreament w ith
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Fig 5 Comparison of load-deflection curves

that of test So themodel of carbonated concrete’ s
stress-strain relationship wasproved to be suitable
for analyzing the carbonated concrete mamber.

5 Conclusion

Carbonation changes them echanical properties
of concrete In one hand, it increases the strength
of concrete, on theother hand, it decrease the ulti-
mate strain of concrete So carbonation may de-
crease the ductility of concretemember. W hen an-
alyzing the seriously carbonated concrete mem ber,
it was suggested that the influence of carbonation
on the mechanical properties of concrete should be
taken into acoount Themodel proposed in thispa-
per is smple and suitable for analyzing the carbon-
ated concreted member.
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