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Three different series of mortars with variable sand volume contents 
were cast in two different laboratories to study the influence of the 
interracial transition zones (ITZ) on the transport coefficient of chlo- 
ride ions. The first series was prepared and tested at Laboratoire 
MatOriaux et DurabilitO des Constructions (LMDC, Toulouse, 
France). The water~cement (w/c) ratio was 0.38 and the sand volume 
fractions were O, 19, and 57%. The transport properties were in- 
vestigated using a diffusion test. The two other series were prepared 
and tested at Centre de recherche interuniversitaire sur le b(ton 
(CRIB, Qufbec, Canada). The w/c ratios were 0.25 and 0.45 and the 
sand volume fractions were O, 30, and 50%. The transport proper- 
ties were assessed using a migration test. The test results indicate 
that aggregates modify the microstructure and the transport prop- 
erties of mortars. The transport coefficient of chloride ions was found 
to decrease with an increase of the sand volume fraction. At the same 
time, the transport coefficient of the corresponding paste fraction 
was found to increase. The increased tortuosity of the matrix in- 
duced by the presence of aggregates thus appears to be more im- 
portant than the influence of ITZ. The interconnection of ITZ was 
not found to lead to a rapid increase of the chloride ion transport 
coefficient. ADVANCED CEMENT BASED MATERIALS, 1997, 5, 
86-92. © 1997 Elsevier Science Ltd. 
KEY WORDS: Diffusivity, Migration, Microstructure, Ce- 
ment Paste, Concrete, ITZ, Chlorides 

H 
H he interfacial transition zone (ITZ) formed at 

the vicinity of aggregate particles in concrete is 
a very thin layer, typically 20-30 p,m thick, of 

hydrated cement paste in which the microstructure dif- 
fers significantly from that of the bulk volume. The ITZ 
is essentially characterized by a higher porosity and a 
gradient of the anhydrous and hydrated phases [1]. Nu- 
merous studies have indicated that the particular mi- 
crostructural characteristics of the ITZ can be mainly 
attributed to the wall effect [1]; the aggregate particles 
disturbing the packing of cement grains at their vicin- 
ity. Modification of the ITZ microstructure can be 
achieved by changing the spatial arrangement of the 
small grains. This can be done by using a finer cement, 

a superplasticizer or silica fume [1-4]. An extensive de- 
scription of the microstructure of the ITZ is beyond the 
scope of this paper and can be found in refs [1-4]. 

In recent years, the influence of the ITZ characteristics 
on the mechanical properties of concrete has been stud- 
ied extensively. However, data on the effect of the ITZ 
on the durability of cement-based materials remain lim- 
ited. From a theoretical point of view, the higher poros- 
ity of the ITZ should facilitate the ingress of external 
aggressive agents and favor the development of delete- 
rious chemical reactions. Furthermore, the higher port- 
landite concentration usually found in the ITZ should 
also increase the potential risk of leaching caused by 
dissolution of Ca(OH) 2, and therefore detrimentally af- 
fects the resistance of concrete to ion penetration. 

Given the inherent difficulties of calculating the vol- 
ume and the properties of the ITZ in a sample, most 
investigations of the influence of paste/aggregate inter- 
face on transport properties have been made on model 
specimens where the complex and random structure of 
concrete is approximated by simpler geometries. Recent 
studies by Breton et al. [5] and by Bourdette [6] indicate 
that the effective diffusion coefficient of chloride ions is 
6 to 12 times greater in the ITZ than in the bulk cement 
paste. Working with a twin geometrical model and as- 
suming a 20-p~m thickness of the ITZ, Ping et al. [7] have 
also calculated that the conductivity of the pas te /  
aggregate interface should be 10 times greater than that 
of the bulk cement paste. 

In concrete, the geometry of the pathways for the 
penetration of aggressive species is necessarily more 
complicated than in the simplistic models used by the 
previous authors. Recently, two complementary ap- 
proaches have been introduced for evaluating the influ- 
ence of ITZ on transport properties of concrete. Gar- 
boczi et al. [8,9] have developed a model to calculate the 
overall DC electrical conductivity of mortar. In this 
model, the mortar is described by a random arrange- 
ment of spherical sand grains surrounded by a 20-Dm- 
thick ITZ. This model takes into account the difference 
in conductivity between the ITZ and the bulk cement 
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paste. Using a similar approach, Bourdette et al. [6] 
studied the influence of the ITZ on the diffusivity of 
tritiated water in mortar samples. Results obtained by 
both models have clearly emphasized the fact that the 
concrete transport properties are influenced by the con- 
nectivity of ITZ and the excess in tortuosity introduced 
by increasing the aggregate content in the mixture. Re- 
sults obtained by Garboczi et al. [9] have also under- 
lined the importance of the ratio of conductivities CITZ/ 
Cpast e on the overall transport properties. 

The present paper deals with the influence of the ITZ 
on the penetration of chloride ions in mortars. Two test 
series were conducted separately in two laboratories 
using different materials and experimental procedures. 
The results of the present investigation should help to 
better understand the mechanisms of chloride penetra- 
tion in cement-based materials. 

Test Program 
Three different series of mixtures were cast. The first 
series was prepared and tested at LMDC (Toulouse, 
France), while the two remaining series were cast and 
tested at CRIB (Qu6bec, Canada). Each series was made 
with a different type of cement. Each series was made of 
three different volume fractions of sand. Mercury intru- 
sion porosimetry was used to study the pore structure 
of all mixtures. At LMDC, the influence of the interfa- 
cial transition zone on the chloride ion penetration was 
investigated using a diffusion test while at CRIB, the 
transport properties were assessed using a migration 
test. 

Materials and Mixture Characteristics 
Series 1: LMDC 
The three mixtures prepared for this series had a fixed 
0.38 water /cement  (w/c) ratio and were made of a 
French OPC (CPA-CEM 1 42.5) containing 3% limestone 
filler. The chemical analysis of this cement is given in 
Table 1. The sand volume fractions of each of the three 
mixtures were 0%, 19%, and 57%, respectively. The 
sand was a natural siliceous sand with a density of 2.65. 
The gradation curve is given in Figure 1 (Sand #1). To 
obtain a certain minimal workability, a naphthalene- 
based superplasticizer was added to the mortar mixture 
with a sand volume fraction of 57%. The admixture 
dosage was fixed at 1.2% of dry material by mass of 
cement. The composition of all mixtures is summarized 
in Table 2. 

The specimens were cast in plastic molds (diameter = 
11 cm, height = 22 cm). They were demolded after i day 
of moist curing and immersed immediately in a satu- 
rated lime solution for a 1-month period. 

TABLE 1. Chemical and mineralogical compositions 

CPA ASTM ASTM 
Chemical analysis (%1 CEM I III I 

Silicon dioxide (SiO2) 19.6 20.48 20.09 
Aluminium oxide (A1203) 4.8 4.03 3.87 
Ferric oxide (Fe203) 3.2 1.78 1.69 
Calcium oxide (CaO) 64.1 64.73 63.82 
Sulfur trioxide (SO3) 3.3 3.33 3.50 
Magnesium oxide (MgO) 0.9 2.31 2.22 
Sodium oxide (Na20) 0.2 0.36 0.30 
Potassium oxide (K20) 0.6 0.34 0.39 
Titanium dioxide (TiO2) 0.3 0.17 0.16 
Manganese oxide (MnO) 0.1 0.05 0.05 
Bogue Composition 
C3S 64 68.7 68.7 
C2 S 13 6.9 5.8 
C3A 8 7.7 7.4 
C4AF 11 5.4 5.1 
Physical properties 
Blaine (cm2/g) 2900 5351 4616 
Specific density 3.1 - 

- D a t a  n o t  a v a i l a b l e .  

Series 2 and 3: CRIB 
The two remaining series were prepared at CRIB. The 
w / c  ratios of the two series were 0.25 and 0.45. The 0.25 
w / c  ratio mixtures were made of an ASTM Type III 
cement, and an ASTM Type I was used for the 0.45 w / c  
ratio mixtures. The chemical analyses of these two ce- 
ments are included in Table 1. 

The volume fractions of the sand in each series were 
0%, 30%, and 50%, respect ively.  A s t andard ized  
crushed siliceous sand having a density of 2.60 was 
used for all mixtures. The gradation curve is given in 
Figure 1 (Sand #2). For the 0.25 mixtures, a melamine- 
based superplasticizer was used at a dosage of 2.1% of 
dry material by mass of cement. The composition of all 
mixtures is summarized in Table 2. 

All specimens were cast in plastic molds (diameter = 
9.5 cm, height = 20 cm). The molds were sealed and 
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TABLE 2. Mixture compositions 

Sand 
Mixture Cement W/B volume (%) 

M25-0 ASTM III 0.25 0 
M25-30 ASTM III 0.25 30 
M25-50 ASTM III 0.25 50 
M 3 8 - 0  CPA-CEM I 0.38 0 
M38-19 CPA-CEM I 0.38 19 
M38-57 CPA-CEM I 0.38 57 
M45-0 ASTM I 0.45 0 
M45-30 ASTM I 0.45 30 
M45-50 ASTM I 0.45 50 

rotated for the first 24 hours to prevent segregation. At 
the end of this period, the specimens were demolded 
and immersed in a saturated lime solution for 3 months. 

Experimental Procedures 
Series 1: LMDC 
The chloride ion diffusivity of the three 0.38 w / c  ratio 
mixtures was measured using a simple diffusion cell 
apparatus similar to the one described by Chatterji and 
Kawamura [10]. The test specimens (1-cm thick, 11-cm 
in diameter) were first immersed in a concentrated al- 
kaline solution of KOH (4.65 g/l) and NaOH (1 g/l) and 
vacuum-saturated. The discs were then mounted on the 
diffusion cells. The upstream compartment of each cell 
was filled with the alkaline solution containing 20 g/1 of 
chloride ions (NaC1). The same alkaline solution (KOH 
(4.65 g/l), NaOH (1 g/l)) was placed in the second com- 
partment of each cell. Two duplicate specimens were 
tested for each mixture. 

The chloride concentration of the solution in the 
downstream compartment was determined at regular 
intervals by means of potentiometric titration using a 
silver nitrate electrode. The experiments lasted approxi- 
matively 15 months. The effective chloride ion diffusion 
coefficient (D) was obtained from the steady-state re- 
gime according to Fick's first law: 

ac 
J = - D  a-x- (1) 

where J represents the diffusive flux and aC/ax the con- 
centration gradient. 

Because the main objective of this test series was to 
investigate the effect of ITZ on the transport properties 
of chloride ions, no corrections for the Nernst and 
Nernst-Planck retardations of ion mobility were made 
in the calculations of the chloride diffusion coefficient 
[11,12]. Although the values of D calculated according 
to eq 1 do not represent the "true" chloride ion diffu- 

sion coefficient (the value of D varies with the type and 
the concentration of the chloride solutions used in the 
experiment), it can be used on a comparative basis to 
study the influence of the mixture characteristics on the 
transport properties. 

Samples for mercury intrusion porosimetry were 
vacuum dried before testing. All measurements were 
carried out using a Micromeritics apparatus. The instru- 
ment was capable of a minimum intruding pressure of 
2.6 kPa and a maximum of 414 MPa. The contact angle 
assumed for all samples was 130 ° . 

Series 2 and 3: CRIB 
Discs 95-mm in diameter and 15-mm thick were used 
for the migration experiments. All the discs were im- 
mersed in deionized water and vacuum saturated for 24 
hours before testing. The discs were then mounted on 
the migration cells for testing. The migration cells used 
in this study are similar to the one described by E1- 
Belbol and Buenfeld [13]. Contrary to their experimen- 
tal set-up, both compar tments  of the cells were 
equipped with an agitating device, and ruthenium- 
coated titanium electrodes were used. The upstream 
compartment of each cell was filled with a 0.3M (12 g/l) 
sodium hydroxyde solution containing 30 g/1 of so- 
dium chloride (0.5M). The downstream compartment of 
each cell was filled with a 0.3M (12 g/l) sodium hy- 
droxyde solution. 

A nominal voltage of 10 V was applied on each cell, 
and the temperature of the cells was kept constant at 
23°C throughout the entire duration of the tests. The 
chloride concentration of the solution in the down- 
stream compartment was determined at regular inter- 
vals by means of potentiometric titration using a silver 
nitrate electrode. The experiments lasted approxima- 
tively 3 weeks. The chloride ion migration coefficient 
(M) was obtained from the steady-state regime accord- 
ing to the following equation: 

aC zFE 
J = -D -~x + M ~ C (2) 

where J represents the flux of chlorides migrating 
through the sample, D the chloride ion diffusion coef- 
ficient, aC/ax the concentration gradient, z the ion va- 
lency (-1 in the case of chlorides), F the Faraday con- 
stant, E the external electrical field applied on the sys- 
tem, R the gas constant, T the temperature in Kelvin, 
and C the chloride concentration in the upstream com- 
partment. For an applied voltage of 10 V, the total flux 
of chlorides passing through the sample is mainly 
driven by the electrical potential gradient, and the first 
term of eq 2 can therefore be neglected in the calcula- 
tions. 
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To reduce the pore structure alteration induced by 
drying as much as possible, all samples for mercury 
porosimetry measurements were immersed in propan- 
2-ol for a minimal period of 21 days according to the 
procedure described by Feldman and Beaudoin [14]. At 
the end of this period, the samples were vacuum dried 
for 24 hours and tested. All measurements were carried 
out using a Micromeritics apparatus. The instrument 
was capable of a minimum intruding pressure of 2.6 
kPa and a maximum of 207 MPa. The contact angle 
assumed for all samples was 130 °. For each mixture, a 
minimum of two samples were tested. 

Test Results 
Mercury Intrusion Porosimetry 
The porosimetry tests results for the three series are 
summarized in Table 3. The total porosities are pre- 
sented in the second column of the table. The pore vol- 
ume data was recalculated (on a unit volume of paste 
basis) considering that only the cement paste is porous. 
The results of these recalculations appear in the third 
column of the table. 

The total porosity results show that the addition of 
sand generally tends to reduce the intrusion volume. As 
expected, the results also show that the total porosity 
increases with the w /c  ratio. Table 3 shows that the 
porosity of the paste fraction appears to increase with 
the sand volume fraction, particularly for the mortars 
with a w /c  ratio of 0.25. Bourdette et al. [6] and Wins- 
low and Liu [15] have obtained similar results. They 
attributed this increase in the porosity that was avail- 
able to mercury in the presence of numerous ITZ in the 
materials. At 0.25, the fraction of the total pore volume 
available to mercury is relatively low in neat pastes, but 
higher in mortars because of the change in the pore size 
distribution of the ITZ. In contrast, at a w /c  ratio of 
0.45, this phenomenon probably has little influence, as 
most of the pore volume of neat pastes is available to 
mercury. 

TABLE 3. Porosity measurements 

Mixture 

Total Porosity 
Porosity paste fraction 

(%) (%) 

M25-0 8.5 8.5 
M25-30 7.2 10.3 
M25-50 8.0 16.0 
M38-0 19.0 19.0 
M38-19 20.0 25.0 
M38-57 11.0 26.0 
M45-0 21.9 21.9 
M45-30 14.4 20.6 
M45-50 12.0 24.0 

Figure 2 presents the pore size distribution of the neat 
cement pastes for the 0.25 (Figure 2a) and 0.45 (Figure 
2c) w /c  ratio mixtures, whereas the porosity distribu- 
tion for the 0.38 mixture is illustrated in Figure 2b. The 
pore size distribution of the paste fraction for the cor- 
responding mortars with 50% (0.25 and 0.45 mixtures) 
and 57% (0.38 mixture) sand are also presented. For the 
0.25 and 0.45 mixtures, the presence of aggregates tends 
to increase the volume of small pores without changing 
the overall distribution. For the 0.38 mixture, the addi- 
tion of aggregates to a neat cement paste tends to 
coarsen the pore size distribution of the paste fraction 
by increasing the pore volume associated with a pore 
diameter ranging from 0.1 to l~xm. This can be ex- 
plained, at least in part, to the shorter hydration period 
of the 0.38 mixtures. 

Interfacial Transition Zone Interconnection 
The degree of interconnection of the ITZ in each mix- 
ture was calculated using the model developed by 
Bourdette et al. [6] based on previous work done by 
Snyder et al. [16]. This model assimilates the mortar 
mixture to an arrangement of randomly distributed 
sand grains that are spherical in shape. The model also 
assumes that the ITZ surrounding the aggregate par- 
ticles have a fixed thickness. 

For the present study, various numerical simulations 
were run assuming in each case a different thickness of 
the ITZ. The results of these simulations are illustrated 
in Figure 3. It appears that, even for a 10-1x-thick ITZ, 
more than 95% of these interfaces are interconnected for 
a sand volume fraction of 50% (Sand #2) and for a sand 
volume fraction of 57% (Sand #1). This implies that for 
the sand volume fraction of 50% and 57% used, almost 
all the transition zones appear to be connected. 

Diffusion and Migration Test Results 
Table 4 presents the results of the diffusion measure- 
ments. The overall diffusion coefficient (Dm) of chlo- 
ride ions appears to depend on the paste content of the 
mixtures. An increase of the sand volume fraction leads 
to a significant decrease of Dm. In this table, Dpm rep- 
resents the diffusion coefficient recalculated on a unit 
volume of paste (considering no diffusion through the 
sand particles) and Dp is the diffusion coefficient of the 
neat paste (M38-0). 

A similar trend can be observed in Table 5 where the 
migration test results are summarized. Mm represents 
the overall migration coefficient measured for the mor- 
tars whereas Mpm represents the migration coefficient 
recalculated on a unit volume of paste. Mp is the mi- 
gration coefficient of the neat pastes (M25-0 and M45-0). 
For both w / c  ratios, the chloride ion migration coeffi- 
cient (Mm) decreases with an increase of the sand vol-  
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FIGURE 2. Pore size distribution for the neat cement pastes and the paste fraction of mortars 
2a) M25-0 and M25-50, 2b) M38-0 and M38-57, 2c) M45-0 and M45-50. 

ume fraction. Data in Table 5 also clearly indicate that 
the overall migrat ion coefficient is directly affected by  
the w / c  ratio. An increase of the w / c  ratio from 0.25 to 
0.45 has contr ibuted to increase the migrat ion coeffi- 
cient by  more than an order  of magnitude.  

The t ransport  coefficients have been recalculated on a 
unit  vo lume of paste basis. In these calculations, it was 
assumed that the aggregate particles act only as solid 
inclusions in the matrix. The recalculated values are 
given in Tables 4 and 5. They show that the t ransport  
propert ies  of the paste fraction increase with the sand 
volume content of the mixtures. This increase can be 
attr ibuted to the presence of the porous  ITZ in the ma- 
terials. 

Discussion 
The total porosi ty of the paste vo lume fraction of mor-  
tars measured  in this investigation was found to in- 
crease with the sand volume fraction, particularly for 
the 0.25 mixtures. This increase in the porosi ty available 
to mercury  can be at tr ibuted to the presence of numer-  
ous ITZ in the materials. As ment ioned before, the ITZ 
tends to be more  porous  than the bulk cement  paste. 

The pore size distributions of the mixtures from se- 
ries 1 (w /c  = 0.38) are somewhat  different f rom those of 
series 2 and 3 (w /c  = 0.25 and 0.45). The results for 
series 2 and 3 show that the pore size distribution for 
the mortars  and the neat cement  pastes are quite simi- 
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TABLE 4. Diffusion coefficient of chloride ions 

D m  D p m  
mortar paste fraction 

Mixture (10-12m2/s)  (10-12m2/s) D m / D p  

M38-0 0.89 0.89 1 
M38-19 0.75 0.90 0.84 
M38-57 0.56 1.33 0.63 

lar, while the results for series 1 indicate that the pore 
size distribution for the mor tar  and the neat cement  
paste are different (see Figure 2). In this series, the re- 
sults show a significant increase in the vo lume of pores  
be tween 0.1 to I ~tm when  sand is added  to the paste. At 
first glance, the results f rom series 2 and 3 appear  to be 
in contradiction with previously  publ ished data that 
indicate an increase in the volume of large pores when  
sand is added  to the paste [6,15]. It must  be mentioned,  
however ,  that most  of these porosi ty  measurements  
were obtained on specimens cured only for a short time. 
Breton et al. [5] and Bourdette [6] have clearly shown 
that the porosi ty of ITZ decreases very  quickly with the 
time of curing, because the new hydrates  formed with 
time tend to fill the more  open structure of the ITZ. The 
three month  curing per iod for the series 2 and 3 speci- 
mens  (as opposed to the shorter one month  curing pe- 
riod for the series I specimens) can probably  explain the 
lack of difference between the pore  size distribution of 
the paste  and the mortars .  The p repa ra t ion  of the 
samples for the porosi ty measurements  also differs be- 
tween the two laboratories. At LMDC, the samples are 
vacuum-dr ied  before mercury  intrusion. This severe 
way  of drying tends to open the pore structure of the 
ITZ which is more fragile. At CRIB, the samples were 
immersed in propan-2-ol before being vacuum-dried.  
The surface tension of the propan-2-ol is lower than that 
of the water  which preserves the integrity of the micro- 
structure [14]. 

Figure 4 presents the evolut ion of the m o r t a r / n e a t  
paste transport  coefficient ratio as a function of the sand 
vo lume fraction. For the sake of comparison,  the con- 
ductivi ty (C) results obtained by Garboczi et al. [9] are 
also included in the figure. If the transport  propert ies  of 

TABLE 5. Migration coefficients of chloride ions 

M m  Mpm 
mortar paste fraction 

Mixture (10-12m2/s)  (10-12m2/s )  Mm/Mp 

M25-0 0.18 0.18 1 
M25-30 0.16 0.23 0.89 
M25-50 0.10 0.20 0.56 
M45-0 4.45 4.45 1 
M45-30 3.58 5.11 0.80 
M45-50 2.74 5.48 0.62 
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FIGURE 4. Evolution of chloride ion diffusion in relation with 
the sand volume fraction. 

the ITZ were  similar to that of the bulk cement paste, 
the results would  follow the C i T z / C p a s t  e = 1 curve. The 
results of the diffusion and migrat ion tests clearly show 
a linear decrease of the t ransport  propert ies  of mortars  
with the increase of the sand volume fraction. However ,  
this reduct ion is not as large as it wou ld  be if the trans- 
port  propert ies of the ITZ were the same as that of the 
bulk cement  paste. In these calculations it is assumed 
that the microstructure of the matrix phase in mortar  is 
the same as that of neat cement  paste. This is probably 
not totally true. Because there is water  conservation in 
the mortar,  a higher wa te r /b inde r  ratio in the ITZ will 
result in a lower wa te r /b inde r  ratio in the bulk cement  
paste. This certainly affects the comparison between 
mortars  and neat cement  pastes because the volume of 
paste contained in the ITZ represents a significant vol- 
ume of the total paste phase. 

The presence of aggregates in a hydra ted  cement  
paste matrix has two opposite effects on the t ransport  
properties.  First, the addit ion of solid particles leads to 
an increase in the tortuosity of the matrix. This implies 
that chloride ions have to move  around the solid inclu- 
sions. Second, the presence of porous  and connected 
ITZ probably contributes to facilitates the movemen t  of 
ions. The overall t ransport  propert ies  of a given mortar  
sample will depend  on the relative importance of these 
two opposite phenomena  and on the ratio of t ransport  
propert ies  of the ITZ to those of bulk cement  paste. The 
transport  propert ies of mortars  tested in this investiga- 
tion are influenced of these two opposite phenomena,  
and the test results show that the overall t ransport  
propert ies  of the mortars  were  influenced more by the 
presence of aggregates than by the presence of ITZ. 

As ment ioned before, the mor t a r / nea t  paste trans- 
port  coefficient ratio was found to decrease almost lin- 
early with the increase of the sand volume fraction even 
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though all the ITZ appear to be interconnected for 50% 
(0.25 and 0.45 mixtures) and 57% (0.38 mixture) of sand. 
The lack of a critical sand volume fraction with regard 
to the transport properties is in accordance with the 
results published by Hornain et al. [17] and by Garboczi 
et al. [9]. These results clearly indicate the fact that it is 
not the connectivity of ITZ that influences the transport 
properties but the ITZ/neat cement paste to transport 
properties ratio. The geometric fact of a percolation 
threshold would have been seen in the transport prop- 
erties only if the phase being connected had a large 
transport coefficient compared to the matrix phase. Ac- 
cording to Figure 4, the transport properties ratio be- 
tween the ITZ and the neat cement paste is less than 5. 
It is thus not very surprising not to observe a sand 
volume threshold. 

The linear decrease of transport properties of mortars 
for the 0.38 mixtures are somewhat surprising since the 
porosity measurements revealed a coarser pore size dis- 
tribution with the presence of aggregates. However, it 
should be remembered that for the 0.38 mixtures, pore 
size distribution was measured after only 1 month of 
curing while the apparent diffusion coefficient was ob- 
tained after several months of test. The porosity of the 
ITZ evolved throughout the test. This underlines the 
importance of developing a rapid test procedure to in- 
vestigate the influence of the ITZ on transport proper- 
ties. The migration test appears to be an interesting tool 
to study this type of phenomenon. However, the short- 
term application of an electrical potential has been 
found to significantly modify the concrete microstruc- 
ture [18,19]. Other investigations have indicated that 
the electrical potential may also modify the mecha- 
nisms of chloride interaction with hydrated cement 
pastes [20,21]. 

Conclusion 
The presence of aggregates in cement paste tends to 
modify the microstructure and the transport properties 
of cementitious systems. The results presented show a 
global reduction of the chloride ion transport coefficient 
for mortars, but at the same time, there is an increase in 
the transport properties of the paste fraction because 
the porosity of the paste is modified by the presence of 
sand particles. This modification can be attributed to 
the presence of numerous interfacial transition zones. 
The presence of aggregates in cement pastes has two 
opposite effects on the transport properties. They act as 
solid inclusions increasing the tortuosity of the matrix 
while the presence of numerous ITZ tends to facilitate 
the movement of chloride ions. 

The results presented did not indicate the existence of 
a sand volume threshold from which the overall trans- 
port coefficient increases rapidly. This clearly under- 
lines that it is not the connectivity of ITZ that influences 
the transport properties but the ITZ/neat cement paste 
transport properties ratio. The test results also under- 
line the need to develop a rapid test procedure to in- 
vestigate the influence of the ITZ on the transport prop- 
erties. 
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