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Abstract: For calcium leaching and loaded concrete in engingestructures, defining the initial
damage state as basic state, the damage modétiohtdéeaching and loaded concrete is established
using damage mechanical theory and principle @firstequality. It is shown that the mechanical
properties of calcium leaching and loaded concaetedetermined by calcium leaching, load and
coupling effect. For calcium leaching and loadedcrete, the influence factors to stress at anytpoin
are elastic modulus, maximum strain, strain atpbisit and the degree of calcium leaching.

Introduction

In Recent Half Century, a lot of concrete structweye damaged because of insufficient durability
home and abroad., the study of durability becamesearch focus in engineering field. To improve
the durability and service life of concrete wasugiat into the technology developing outline of
the Eleventh Five-Year Plan of China[l]. The durgbiof concrete structures is considerably
affected by the accumulation of damage resultioghftime variant external loading in conjunction
with environmentally induced mechanisms such asta@ and heat transport, freeze-thaw actions,
chemically expansive reactions, chemical dissatutioby the corrosion of the reinforcement. Out of
the wide range of environmentally induced detetioramechanisms the coupled effects calcium
leaching and mechanical damage in structures méaeroentitious materials such as concrete
exposed to aggressive environmental conditiona@deessed in the present paper.

Long-term degradation of concrete structures undermanently aqueous environmental
conditions is mainly controlled by interacting chieah and mechanical processes leading to the
destruction of the microstructure of the matereguiting from the dissolution of soluble cement
constituents such as calcium hydroxide, calciuroagg hydrate (CSH) and ettringite and the opening
and propagation of micro-cracks[2,3].

Based on the experimental results on calcium legchnd coupled chemo-mechanical damage,
material models equationted on a macroscopic lefebbservation, have been developed for
numerical predictions of the life time of concretieuctures. One type of models is based on the
pioneering work by Gérard (1996) and subsequenliqgailons (Gérard, 2000; Gérard et al., 1998;
Pijaudier-Cabot et al., 1998a,b, 2002; Le Bellégoak, 2000, 2001a,b). It is based on a
phenomenological chemical equilibrium model relgtilme calcium concentration of the skeleton and
the pore solution s(c) and on the concept of igatrdamage mechanics[2-13].

Coupled chemo-mechanical damage constitutive relation of concrete under calcium leaching
and load

According Strain equivalent principle put forwarg Prof. Lemaitre,
£= U/E, = U/E (1)
Where E means the elastic modulu of undamaged materiEdlmeans the elastic modulu of
damaged material.
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ZHANG Quamhong et al., defined the initial damatgesas the reference damage state, present
the following extended strain equivalent princigh].

=%, %%, @)

Wheres, means the effective stress under the first darstaje -, means the effective stress
under the second damage state, means the elastic modulu of concrete under thedasmage state

,  E'means the elastic modulu of concrete under thensedamage state.

Acording the extended strain equivalent principlefined the reference damage state as the first
damage state, defined the calcium leaching dantateas the secomthmage state, then

®3)

UOAO :anAn
D — AO _An
(4)

AO
Where: g, A, means the effective stress and the effective hgadrea under the reference

damage state, ,A, means the effective stress and the effective hgadrea under the calcium
leaching damage state, means calcium leaching damage variabfeording Eq.3 and Eq.4,then

(5)

o,=0,/1-D,

WhereE, means the elastic modulu of concrete under tlexerte damage stateE, means the

elastic modulu of concrete under the calcium leagliamage state.
Acording Eq.5 and Eq.6, then
(7)

E, =E,(1-D,)
(8)

o,=E,1-D,)¢&,

Acording the extended strain equivalent princigkfined the calcium leaching damage state as the
first damage state, defined the calcium leachigleading damage state as the second damage state,

then

o=E, (-D)e ©)

where D means loading damage variable.
Acording Eq.7 and Eq.9, then
o=E,0-D-D,+DD) ¢ (10)

f  Pn=D*+D,=DD, hen
Where D,, means calcium leaching and loading damage variableneans the coupled effects

of calcium leaching and loading damage.
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The chemo-mechanical damage evolution of concreteunder coupling action of calcium leaching
and load

It is possible to descripe Chemical damage of aircusing calcium concentration according
chemical damage mechanism under calcium leachirm. tli® calcium leaching damage
variablep, was defined as following,

Dp =1-expkL)
L :ﬂ
m
0 (12

Wherem means calcium concentration of concrete beforewralteaching(mg/mg@ ,m, means

accumulative leaching calcium concentratiomg/mg , k is material constant, negative value
which is determined by experiment.

The strength of concrete submit Weibull distribotilnder loading, so damage variablsubmit
Weibull distribution under loading also. damage ialsle D discribed by two-parameter
Weibull distribution as following,

D =1-expl-()"]

(13)
Where & means strain nmeans Shape parameter amcheans Scale parameter.
o =Ee(l-D) =Es exp[—(g)“] (14)
The Stress -Strain Relationship should meet tHeviihg geometric conditions,
when€ =0, g=0;
- do/ -g.
=0, A c E;
g = gf ’ g = Jf H
e=¢.. 49/ =0 (15)
Where o, means stress maximu#),means strain corresponding the stress maximum.
AccordingEq.14
do _ En En
—— =El-n(=)"Texp[-(5)"] (16)
de a a
AccordingEq.14, Eq.15 and Eq.16,
"~ Ele “InE 1| E 17
Nty Mo T INEn

f

WhereE,, was secant modulus.



726 Architecture and Building Materials

1
n

1 -
a=¢&. (= 18
) 8)
According Eq.13 and EQ.18
1 ¢.,
D =1-exp[-—()"] (19)
n &,

According Eq.12 and Eq.19,

5k
D, =D+D,-DD,=1-c "¢ 02
\ oD oD
=@1-D)—+@1-D 0 21
D, =@-b,) 3% @-D) n |
According Eq.11 and Eq.20,
SR
o = Epe f £ (22)

The stress at any point of concrete related t@lretastic modulus, strain maximum, the strain and
the calcium leaching degree under coupling actiaratzium leaching and load.

Conclusion

Acording the extended strain equivalent princigiefined calcium leaching damage state as the first
damage state, defined the calcium leaching andrgathmage state as the second damage state,
constitutive relation of concrete was derived uratermpling action of calcium leaching and load.

The total damage of concrete aggravated under ioguattion of calcium leaching and load. The
action of calcium leaching could induce local damafjiconcrete, the action of load could induce the
dislocation glide of microstructure element of cmte, the local stress increased, microcrack
extended and even the stress at any point of dencedated to initial elastic modulus, strain
maximum, the strain and the calcium leaching degreker coupling action of calcium leaching and
load.

The damage modle of concrete undeupling action of calcium leaching and load sholoéd
verified using reliable test date.
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