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4.1 Macroscopic transport

On the macroscopic scale, concrete is regarded as an ideal mixture of aggregate and cement
paste, having a total porosity 6 given by (I). We do not account for fissures or Macroscopic
pores at the interfaces between the aggregate and the binding material. However, the part of
the porosity that is relevant for the macroscopic transport is only 6, 6,,. The mass balance of
gaseous CO, in the large pores reads '

9 : '
— (8.8, -dn0.8,D0Vc)) =, (©)
where —r,,(x,) denotes the amount of CO, that cniers the C-5-H gel and is therefore lost
in the mass balance within the large pores. This term is coupled with the local cell problems
and is derived below. The initial condition is c“}“,, {x, 0), while at the exposed surface we assume

that c,:, equals the external CO, concentration c**.

4.2 Microscopic transport and rcaction

On the basis of the above assumptions, we now formulate the local mass balances for the
active species in the C-S-H gel. The mass balance of gaseous CO, in the small pores is

4 , -

S;(B,W(l-f)c;,)—dtv,(%(l =)D,V cp) = ~(MP) ' r, - HC), N
and that of solid CH is

d -

E;Cf"(M‘) o HIC) (8)

Here, M* and M2 are the molar weights, and the Heaviside function H (c®) has the value 1 if
cZis greater than zero and 0 otherwise. At the interface I',, we assume the CO, concentration to
equal its corresponding value in the large pores, i.e.

=%

at T, 9)
Since we consider no fusther exchange processes, all other interfacial conditions are zero-
flux conditions. The initial conditions are ¢/, (x,,0)=0 and c2(x,y,0) = c?° Firally, the
coaservation of mass for CO, across the interface I, gives the structurc of the coupling term

Feet in (6), namely
9 ¢ (diffusive flux of ¢* v do. = 2 (6. (i ‘Yt : 3
T = f“[ [diffusive flux of ¢ ]-v do_= Ff W=N05V ¢! v da, . (10)
Y 4
Te effective diffusivity D}, of CO, in the large pores is of order 10-* m¥s, while the value

of DY, is assumed to be of order 10-'* m¥/s [10]. For more details on the two-scale concept and
a comprehensive analysis of the above model, see [17..
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Figure 3: Microscopic cell profiles of CO . (solid Iinet and CH tdashedy at difterent distances
trom the surface: x = [ 2 emlett), v= 1 9 cm tmeddler and v - 2 3 emnght

The carbonation front, which we idealise by the posttion where the CH concentration has
dropped 1o 10% of 1ts imual value [2]. is shown in figure 4 (left). There 18w zood agreemen
with the experimental vaiues obtamed in [10].
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Figure 4: Left: Simulated carbonation depta and comparnison wath experimental values from
[10]. Right: Parameter study with respect to the microscopic dittusivity 17

5.3 Effect of microscopic diffusion

The microscopic diftusivity D} of CO.m the C-S-H vel phase does not appear i classica
carbonation madeis and 1ts value s therefore a-prort undear. Therctore, we perform ¢
parameter study with respect o 27 i order te highight s eftect onthe process thieure 4. rahiti
It can be seen that the carbonatior depth after 25 dass moreases with mcreasnyg /07 Ty
large ditfusivities (27, = 105017 5. an almost constant value oreached. which mdicanes tha
micro-scale diffusion s not relevant ar b coses Forsslion vadues of 707 the carhbonaton

process s stgmticantdy reduced

6. CONCLUSIONS
Carbonation of concrete bas been modelled on maoo ditferent length wealos, aovounting for

a hierarchical double-porosity structure of the cenvent paste The rumerical tests tany o tao-
scale computational scheme aliow for the tollowing condlusions
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