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Received: 08 May 2020 Abstract: The performance of accelerated test methods to determine the chloride diffusion coefficient in

Accepted: 14 September 2020 concrete is an important tool in the evaluation of the durability-related properties of the material and in the
service life prediction of structures. In this way, this paper presents an experimental assessment of three
standardized test methods for determining chloride diffusion coefficient. The migration-based tests presented
by NT Build 492 and UNE 83987 and the diffusion-based test presented by ASTM C1556 were carried out.
Six concrete mixes were produced: three with different water/binder ratios (0.45, 0.55, and 0.65) and three
with replacement of cement by silica fume in the levels of 5, 10, and 20%. The results indicate that the method
standardized by NT Build 492 has the best correlation with the diffusion test, in addition to being the one that
requires the shortest execution time and has the lowest coefficient of variation of the results.
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Resumo: A realizagdo de ensaios acelerados de determinagdo do coeficiente de difusdo de cloretos no
concreto ¢ uma importante ferramenta na avaliagdo das caracteristicas relacionadas a durabilidade do material
e na previsao da vida util das estruturas. Nesse sentido, este trabalho apresenta uma avaliacdo experimental
de trés metodologias normatizadas de determinagdo do coeficiente de difusdo do concreto. Foram realizados
os ensaios de migragdo ionica apresentados pela NT Build 492 e pela UNE 83987 ¢ o ensaio de difusdo regido
pela ASTM C1556. Seis tragos de concreto foram produzidos, sendo trés com diferentes relagdes
agua/aglomerante (0,45, 0,55 e 0,65) e trés com substitui¢do de cimento por silica ativa nos teores de 5, 10 e
20%. Os resultados indicam que o método normatizado pela NT Build 492 apresenta a melhor correlagdo com
o ensaio de difusdo, além de ser o que requer menor tempo de execugdo e apresentar menor coeficiente de
variago dos resultados.
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1 INTRODUCTION

The determination of the chloride diffusion coefficient in concrete is a common practice, since the diffusivity can
be taken as an indicator of the resistance of concrete to the chloride penetration, as well as used as an input parameter
in service life prediction models. The transport of chloride ions through concrete, however, is a complex issue, implying
the development of a wide range of tests aimed at determining the diffusion coefficient, each having its own
particularities and limitations [1], [2].

In parallel, the importance of the performance-based approach for concrete durability has recently been promoted
and discussed worldwide [3], [4]. This is because the prescriptive approach traditionally adopted in durability design is
limited to stipulating parameters such as minimum cement content, minimum compressive strength, and maximum
water/binder (w/b) ratio [5]. It should be noted that NBR 6118 [6] presents the idea of a performance-based approach,
however, without mentioning any test method, not even reference values for the validation of the results. In the
performance-based approach, it is desirable to evaluate at least one parameter that reflects the general durability-related
properties of concrete when in its early ages, such as the diffusion coefficient, in a similar way to the compressive
strength assessed at 28 days, which is a simple and relative index that reflects the compressive strength and general
mechanical properties of concrete [7]. However, although quick results are always desirable in engineering applications,
it is known that the chloride penetration into concrete occurs at very low rates [8].

In this sense, steady state and non-steady state migration test methods, as well as methods based on the electrical
resistivity of the material, have been widely used internationally as accelerated tests to evaluate the chloride
diffusivity in concrete [9]. These tests, despite not imposing real exposure conditions on concrete, in which a
multiplicity of actions occurs simultaneously and randomly, make it possible to obtain results in less time and involve
lower operating costs [10]. However, due to the complexity of the transport mechanisms involved in the chloride
penetration process, there is still a lack of data on correlations between the results obtained from different test
methods, whether based on migration, resistivity, or diffusion. In the literature, experimental data to establish these
correlations are also limited [11].

In this context, this paper evaluates the characteristics, results and correlations of three different standardized test
methods for determining chloride diffusion coefficient in concrete. The migration tests standardized by NT Build 492
[12] and UNE 83987 [13] and the diffusion test governed by ASTM C1556 [14] were carried out. For the analysis, six
different concrete mixes were produced: three with different w/b ratios (0.45, 0.55, and 0.65), and three with partial
replacement of cement by silica fume in the levels of 5, 10, and 20%.

2 METHODOLOGY

2.1 Materials

Brazilian Portland cement CP II Z-40, natural quartz sand, gravel, silica fume, polyfunctional additive, and potable
water were used to produce the concretes. The aggregates used are in accordance with the NBR 7211 [15] and their
physical characteristics are shown in Table 1.

Table 1. Physical characterization of the aggregate.

Parameter Fine sand Medium sand Coarse aggregate
Fineness modulus 1.64° 24272 6.71°
Maximum diameter (mm) 2.40° 2.40% 12.502
Specific gravity (g/cm®) 2.67° 2.65° 2.65°¢
Loose unit mass (g/cm?) 1.394 1.534 1.464

@ _NBR NM 248 [16],  -NBR NM 52 [17],  -NBR NM 53 [18], ¢ -NBR NM 45 [19].

The choice of CP II Z-40 cement was because it is the type of cement most easily found in the local market for use
in structural elements, has a low content of pozzolanic addition and presents a better performance to Portland cement
without additions in terms of durability. The polyfunctional additive adopted is free of chlorides and its specific gravity
can vary between 1.14 and 1.20 g/cm’®. The silica fume, in turn, was chemically characterized by means of energy
dispersive X-ray analysis (EDX) and its composition is shown in Table 2.
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Table 2. Chemical characterization of silica fume.

Component

K>O CaO

Fe203

MnO

Others

Content (%)

6.14 435

0.68

0.39

0.12

2.2 Mix design and concrete production

The concrete mix design was performed using the IPT/EPUSP [20] methodology. Through the experimental
procedure, the ideal dry mortar content was defined at 52% (a = 0.52). The proportion of 1:1.6:2.4 (cement: sand:
gravel) was defined. The value of 100 + 10 mm was adopted for concrete slump. The composition of concretes is

shown in Table 3.

Table 3. Material consumption of the concrete mixes.

Material consumption (kg/m?)

Mix Wb ratio Cement Silica fume Fine sand Medium sand Coarse aggregate
R 45 0.45 400.00 0.00 128.00 512.00 960.00
SF 5 0.45 380.00 20.00 128.00 512.00 960.00
SF 10 0.45 360.00 40.00 128.00 512.00 960.00
SF 20 0.45 320.00 80.00 128.00 512.00 960.00
R 55 0.55 383.00 0.00 122.56 490.24 919.20
R 65 0.65 367.00 0.00 117.44 469.76 880.80

The mixing of the concrete was carried out in accordance with NBR 5738 [21]. Sixteen specimens (¢ 100 x 200 mm)
of each mix were produced. After molding, the specimens were subjected to submerged curing in a water tank saturated
with lime and controlled temperature, according to the specifications of NBR 5738 [21], until the age of 120 days.

2.3 Preparation and selection of samples

The specimens intended for the tests to determine the chloride diffusion coefficient had to be cut to obtain samples
with the dimensions recommended in the standard that governs each test method. The cut was performed on a water-
cooled diamond saw. The scheme of the cut of the specimens and the dimension of the samples destined for each test
are presented in Figure 1. After being cut, all the slices had their sides waterproofed with epoxy paint. The samples
used in the immersion test (ASTM C1556 [14]) also received the application of a thin layer of plastic mass and
waterproofing the face opposite to the cut.

200

25| 50 | 50 | 50 [25]

R&jecléd >

200

o R

 Sample 1 !

200

1253030303030 25|

Figure 1. Sample cut scheme (dimensions in mm): (a) for ASTM C1556 [14] test method; (b) for NT Build 492 method,; (c) for
UNE 83987 [13] method.
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To avoid the use of samples with very different gravel and paste content, the mortar content of the samples was also
determined. For this, an adaptation of ASTM E562 [22] was used, as proposed by Ribeiro [23]. Through this
methodology it is possible to estimate the relative amount of a phase (coarse aggregate or mortar, for example) by
overlaying a mesh on the sample and quantifying the nodes that appear on the evaluated phase. Nodes located on the
transition zone are given 0.5 points, while nodes positioned on the analyzed phase receive 1 point. Finally, the
percentage of the phase in the sample is obtained by the relationship between the number of points and the total knots
of the mesh used. Figure 2 presents this methodology schematically.

Coarse
aggregate

Mortar

1 point @ 0.5 point
Figure 2. Methodology proposed by Ribeiro [23] to determine the relative percentage of a phase in the sample.

2.4 Methods

2.4.1 Compressive strength and capillary water absorption

Initially, to obtain preliminary data about the physical and mechanical characteristics of the concretes, the tests of
compressive strength and capillary water absorption were carried out, following, respectively, the codes NBR 5739
[24] and NBR 9779 [25]. Both tests were performed 126 days after casting the concretes and in each test three specimens
from each concrete mix were used.

2.4.2 Apparent diffusion coefficient — Immersion test

The test method standardized by ASTM C1556 [14] consists of immersing specimens in saline solution for a
minimum period of 35 days. In this test, there is no imposition of a electric potential difference, with the ions entering
the concrete given mostly by diffusion. Thus, among the tests covered in this study, this method is the closest to the
exposure conditions imposed by a chloride-rich environment.

For the test, three samples of ¢ 100 x 100 mm from each concrete mix were used. Before carrying out the test, all
samples were saturated in calcium hydroxide solution for a minimum period of 24 h, until mass constancy. During the
test, which started 126 days after casting the concrete, all specimens were submerged for 112 days in saline solution
with a concentration of 165 g de NaCl per liter of water and at a temperature of 23 + 2 °C. After the immersion period,
the samples were dried in air, at a controlled temperature of 23 + 2 °C for 24 h.

After drying, the concrete powder was extracted for later determination of the chloride profiles. A vertical drill was
used with an adjustable drill stop and an 8 mm drill. In each specimen, the extractions were performed at 7 different
depths, as shown in Table 4.

Table 4. Extraction depths to determine chloride content.

Point P1 P2 P3 P4 PS5 P6 P7
Depth (mm) 0-2 2-5 5-8 8-11 11-14 14-17 17-20

The determination of chloride content was carried out through potentiometry using a silver/silver chloride electrode,
with an accuracy of 0.01%. From the chloride profile, the apparent diffusion coefficient ( D, ) can be determined by

adjusting Equation 1 to the chloride content values measured by non-linear regression using the least square method.
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C(x,t)=CS—(CS—Ci)erf[\/4];7t] )

where C(x,r) = chloride concentration at the depth x after the time . (%); Cy = chloride content on the concrete
surface (%); ¢; = initial chloride content in concrete (%); erf = Gauss error function; » = distance between the concrete
surface and the mid-layer depth (m); D, = apparent diffusion coefficient (m?/s); and , = exposure time (s).

2.4.3 Non-steady-state diffusion coefficient — Rapid chloride migration test

The non-steady-state diffusion coefficient ( D, ) was determined based on the method proposed by Tang [26] and

later standardized by NT Build 492 [12]. Among the test methods adopted in this paper, this is the one that requires less
time, with a duration that can vary between 6 and 96 h, according to the concrete characteristics. Although this method
is widely disseminated and consolidated, it should be noted that the determination of the D,,, depends on the depth of

chloride penetration using silver nitrate (AgNO3) spray. The colorimetric method using AgNOs is a recurring reason
for divergences in the literature, as it can present false-positive results in case of concrete carbonation [27], [28].
However, false-positive results due to carbonation tend to be observed close to the surface of the concrete sample, at
depths significantly less than the chloride penetration depths recorded in the method prescribed by NT Build 492 [12].

To perform the test, four samples of ¢ 100 x 50 mm from each concrete mix were used. Initially the specimens were
subjected to a voltage of 30 V, which was adjusted according to the current measured initially, which could vary
between 10 and 60 V. The temperatures of the anodic solution were also measured at the beginning and at the end of
the procedure. Figure 3 shows the realization of the first stage of the test, in which the concretes are exposed to chlorides.
After being subjected to ionic migration, the samples were diametrically broken and 0.1 M AgNOj solution was sprayed
on them to check the chloride penetration depth.

Figure 3. Execution of the NT Build 492 test method.
Lastly, the D,, was calculated using Equation 2

msm:0.0239(273+T)L % —0.0238 (273+T)Lxp @)
(U-2)1 U-2

where D,,, = non-steady state diffusion coefficient (x 1072 m?/s); r = average value of the initial and final

temperatures in the anolyte solution (°C); . = thickness of the specimen (mm); , = absolute value of the applied
voltage (V); x, = average value of the penetration depths (mm); and , = test duration (h).
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2.4.4 Chloride diffusion coefficient — Multiregime test method

The multiregime test method, initially proposed by Castellote et al. [29] and consolidated by UNE 83987 [13], was
used to determine the steady state and the non-steady state diffusion coefficients of concretes. Three samples of ¢ 100
x 30 mm from each concrete mix were used. Due to an operational problem, it was not possible to evaluate SF 20
concrete when this test was performed.

This method consists of the evaluation of chloride migration between two chambers with different chloride
concentrations, under the application of a 12 V electric potential difference. One of the cells was filled with 1 M NaCl
solution and the other filled with distilled water. Figure 4 shows the performance of the test.

Figure 4. Execution of the multiregime test method.

The chloride concentration in the anodic cell was determined through the relationship between the conductivity of
water and the chloride concentration, as shown in Figure 5. The values shown in Figure 5 were obtained in a laboratory
environment, at a temperature of 23 + 2 °C, using distilled water and NaCl.

10.00

i y = 124.02x
8.00 R2 = 0.9954

6.00

4.00

Conductivity (mS/cm)

2.00

1

0.00
0.00 0.02 0.04 0.06 0.08

Chloride concentration (M)

Figure 5. Adjustment for determining chloride concentration based on water conductivity.

The measurement of water conductivity was performed periodically using a digital conductivity meter. In the first
moments of the test, the chloride concentration in the anodic cell is low and increases slowly, characterizing the non-
steady state. Then, the ions flux becomes constant, indicating the steady state. The time-lag ( - ), for the case of chlorides
transport, is defined as the time required for ionic flow through the concrete to become constant [30], [31]. Figure 6
schematically presents the methodology for determining the time-lag.
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(O Onset of the steady-state
. End of the steady-state

Chloride concentration (M)

P Time (h)

Figure 6. Scheme for determining the time-lag ( r ), the steady-state, and non-steady-state (Adapted from Ribeiro et al. [30]).

The non-steady state diffusion coefficient ( D,,) was determined based on Equation 3. In turn, the steady state
diffusion coefficient was calculated using the modified Nernst-Planck equation, presented in Equation 5.

21 v
D, =T7{v cothz - 2} 3)

where D,, = non-steady-state diffusion coefficient (cm?/s); ; = thickness of the sample (cm); - = time-lag (s); and v
is calculated according to Equation 4.

zeAD
- 4
- 4)

where z = valence of ions (= 1 for chlorides); « = elementary charge (C); ae = average voltage (V); » = Boltzmann
constant (J/K); and r = temperature (K).

__JyRTI (5)
S ZFCeyyA0
where D, = steady state diffusion coefficient (cm?s); Jo = ions flux, calculated according to Equation 6

(mol/(cm? x s); r = gas constant (cal/(mol x K)); 7 = temperature (K); ; = thickness of the sample (cm); z = valence
of ions (=1 for chlorides); » = Faraday constant (cal/(volt x eq)); C, = chloride concentration in the cathode cell

(mol/cm?); , = coefficient of activity of the cathodic cell solution (= 0.657 for chloride); and Ao = average voltage
across de sample (V).

vV dC
Jop=—" 6
a A dt ( )

where J, =ions flux (mol/(cm? x s)); ¥ = cathode cell volume (cm?); 4 = sample section area exposed to ions (cm?);

e dc/dz = slope of the linear part of the chloride concentration vs. time graph.
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3 RESULTS AND DISCUSSIONS

3.1 Compressive strength and water absorption by capillarity

The results obtained in the tests of compressive strength and capillary water absorption, performed at 126 days, are
shown in Table 5.

Table S. Compressive strength ( f,,, ) and capillary water absorption of concretes.

Mix fom (MPa) Capillary water absorption after 72 h (g/cm?)
R 45 63.22 1.15
SF 5 63.46 1.04
SF 10 70.88 1.01
SF 20 74.51 0.91
R 55 46.57 1.35
R 65 40.60 1.77

It can be seen, based on the data presented in Table 5, that, in general, silica fume increased the compressive strength
and reduced the capillary water absorption of concretes. These improvements occur due to the pozzolanic reaction
between Ca(OH), from cement hydration and SiO» present in silica fume, providing the formation of secondary CSH.
Also, silica fume acts as filler, modifying the concrete microstructure and making the paste more homogeneous. Similar
results were observed by Meddah et al. [32], Poon et al. [33], and Shekarchi et al. [34].

It should be noted that the variation in compressive strength between some concretes is quite small (less than 1 MPa
in the case of R 45 and SF 5 concretes). This difference is quite small when analyzing the degree of precision of the
test method in question.

3.2 Apparent diffusion coefficient — Immersion test

Figure 7 shows the chloride penetration profiles obtained from the powder extracted from the specimens submitted
to the diffusion test standardized by ASTM C1556 [14]. These profiles are necessary for the calculation of D, . The

values of D,, in turn, are shown in Table 6. Since the standard that governs this method does not present any

classification of the penetrability of chlorides in concrete based on the diffusion coefficient, the classification proposed
by Nilsson et al. [35] were used.

I —— R45 I —— R45
1.60 o R 1.60 — SF5
—— SF10
- —— R65
120 120 SF20
g g
= -
5080 | S080 I
=} )
£ E
5040 | 040
0.00 L L L I ) 0.00 ! , T i — ]
0.00 5.00 10.00 1500  20.00  25.00 0.00 5.00 10.00 1500 2000  25.00
Depth (mm) Depth (mm)
(2) (b

Figure 7. Chloride profiles obtained through potentiometry: (a) influence of the w/b ratio; (b) influence of the silica fume content.
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Table 6. Apparent diffusion coefficients ( D, ) obtained through ASTM C1556 [14] test method.

Mix D, (x 1072 m%s) Resistance to chloride penetration [35]
R 45 3.23 Very high

SF 5 2.85 Very high

SF 10 1.91 Extremely high

SF 20 1.81 Extremely high

R 55 7.99 High

R 65 13.48 Moderate

It is noteworthy that the results obtained in the immersion test method are those that best represent the real conditions
of exposure of the concrete to chloride-rich environments, since the ions penetrate the material mainly by diffusion.
However, to obtain chloride profiles with a penetration depth that would allow a satisfactory evaluation, 112 days of
immersion were necessary, which is, therefore, a considerably slower test than the other tests covered in this paper.

3.3 Non-steady-state diffusion coefficient — Rapid chloride migration test

The b,,,, values obtained and the classification of the concretes in terms of resistance to chloride penetration are

shown in Table 7. It is noteworthy that all the concretes evaluated in this paper required tests lasting no longer than 48
h. Thus, this is a test method capable of providing information about the durability-related characteristics of concrete
in its early ages.

Table 7. Non-steady-state diffusion coefficient ( D,

nssm

) obtained through NT Build 492 [12] test method.

Mix Dy (x 1072 m?/s) Resistance to chloride penetration [35]
R 45 2.85 Very high

SF 5 1.75 Extremely high
SF 10 0.90 Extremely high
SF 20 0.20 Extremely high

R 55 4.76 Very high

R 65 6.02 High

3.4 Chloride diffusion coefficient — Multiregime test method

Figure 8 shows the evolution of the chloride concentration in the anodic cell over time. Although it does not directly
express the steady state and non-steady state diffusion coefficients, the analysis of the evolution of the chloride
concentration allows to infer in a comparative way about the resistance of concretes to the penetration of ions. In this
case, the more attenuated the curve is, the greater the difficulty imposed by the concrete on the passage of the ions.

The values of time-lag, ions flux, b, e D,,, calculated from the data presented in Figure 8, are presented in Table

8. Attention should be paid to the fact that, in Table 8, the classification of concretes in terms of resistance to chloride
penetration was performed considering only the values of D, , since the classification in question was originally

proposed to be related to non-steady state diffusion coefficients.
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Figure 8. Evolution of chloride concentration in the anodic cell: (a) influence of the w/b ratio; (b) influence of the silica fume
content.

Table 8. Chloride diffusion coefficients (steady-state and non-steady-state) obtained through UNE 83987 [13] test method.

Resistance to chloride

. . Tons flux (x 10719 12 02 12 2
Mix Time-lag (h) by (< 1075 ms) - D, (x 1075 m7Ys) penetration (D,,) [35]

mol/(cm? x s))

R 45 465 4.37 0.83 2.26 Extremely high
SF 5 485 3.32 0.63 2.17 Extremely high
SF 10 585 2.88 0.55 1.80 Extremely high
R 55 410 6.01 1.15 2.57 Very high
R 65 315 9.54 1.82 3.34 Very high

When evaluating the data presented in Table 8, it is necessary to note the difference between the values of p, and
D,, . Castellote and Andrade [2] point out that it is of great importance to understand the difference between the

coefficients measured in steady state and non-steady state, especially when these will be adopted as an input parameter
in service life prediction models. In the case of the concretes evaluated in this paper, the values of D, are noted, on

average, 2.7 times higher than the values of b, .

3.5 General evaluation of the test methods for determining chloride diffusion coefficient

The results obtained through the three test methods and the classification of the concretes in terms of their resistance
to chloride penetration are shown in Figure 9. The values of p,, D,,, € D, , previously presented in Tables 6, 7, and

nssm

8, respectively, were omitted for a better overview of the results.

It can be seen, based on Figure 9, that the test methods prescribed by NT Build 492 [12] and UNE 83987 [13] show
lower results than those obtained using the method standardized by ASTM C1556 [14]. This fact was also observed by
Castellote and Andrade [2]. Yuan and Santhanam [8], in turn, observed higher diffusion coefficients for the same
concrete when using migration methods. These facts may be related to the type or content of mineral addition used and
the curing process adopted since, according to Yuan [36], the migration-based test methods appear to be quite sensitive
to the resistivity of concrete, with the diffusion coefficient being linked to the initial current. Even so, it is emphasized
again that the immersion method, even though it is an accelerated test, is what tends to present results closer to those
obtained in real structures, since there is no imposition of electric potential difference. The multiregime test method, in
turn, is the one with the lowest average diffusion coefficient.
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Figure 9. Panorama of the diffusion coefficients obtained through the three test methods.

It is also noted that, in general, the difference between the diffusion coefficients determined by the three methods is
significantly greater when evaluating the concretes that tend to have greater penetrability — namely, R 55 and R 65. As
for the concretes that follow prescriptive parameters related to chloride environments (case of the mixes R 45, SF 5, SF
10, and SF 20), the values of b,, D,, and D, are closer.

1SS

When analyzing the classification of concretes in terms of diffusivity, it is observed that, because of variations in
diffusion coefficients, there are also differences in this parameter. It appears that only SF 10 has the same classification
(extremely high) when evaluated by the three methodologies. The mix R 65, however, presented three different
classifications, because of the wide variation in the diffusion coefficients obtained for this concrete.

In general, the partial replacement of cement by silica fume significantly reduced the diffusion coefficients
determined through the three methods. This fact was already expected due to the physical and chemical performance
of the fine particles of silica fume, refining the microstructure of the concrete and reducing its diffusivity, as also
reported by several authors [32]-[34],[37]. When evaluating concretes with different w/b ratios, the expected increase
in the penetrability of concretes due to the increase in the w/b ratio is also confirmed. It is noteworthy, however, that
the R 65, with the highest w/b ratio, was the one that showed the greatest divergence in the diffusion coefficients
measured experimentally.

Finally, Figure 10 shows the correlation between the three tests performed. The ASTM C1556 [14] test method was
taken as a reference because this is an assay in which the chloride penetration occurs mainly by diffusion.
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Figure 10. Correlation between the results obtained through the different test methods performed.
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It can be seen, from Figure 10, that the test method standardized by NT Build 492 [12], despite being the method
that uses the greatest electric potential differences and depending on the colorimetric test with silver nitrate spray, is
the one that has the best correlation with the diffusion test (R? = 0.9766). It is noteworthy that this method presents the
simplest basis for its realization, requires less equipment, and demands less time than the other tests. In addition, the
D,.» Vvalues presented a coefficient of variation (COV) lower than that obtained in the multiregime test method —

nssm

namely, COVp,.m = 9.98%; cov,,, =19.95%.

4 CONCLUSIONS

In this paper, three standardized test methods for determining concrete chloride diffusion coefficient and their
correlations were evaluated. The main conclusions stand out:

e The test methods for determining concrete chloride diffusion coefficient analyzed in this study showed a good
correlation, with R? greater than 0.90. It should be noted that the method described in NT Build 492 [12] has a
greater correlation with the diffusion test, with R =0.9766. In addition, it was inferred that, when analyzing concrete
less resistant to chloride penetration, the greater the discrepancy between the values presented by the three methods;

e In general, the multiregime test method showed the lowest non-steady state diffusion coefficients and the lowest
correlation with the immersion test. This fact must be considered because the consideration of a very low diffusivity
can induce structural designers to reduce the requirements regarding other aspects that contribute to the concrete
durability, such as the cover depth and, thus, accentuate the reduction of the performance of the structural element
over time;

e The use of chloride diffusion coefficients in service life prediction models needs special attention, since variations
in diffusion coefficients, such as those presented in this paper, can significantly influence the service life prediction,
the durability design, and the maintenance plan of the structures, especially when exposed to harsh environments;

e The use of silica fume in partial replacement of cement, in turn, corroborating with the data of several authors,
generated reductions in the diffusivity of concretes when using the three test methods;

e Finally, the importance of using the durability indicators and the performance-based approach for concrete
durability is highlighted. It was found that concretes that follow the same prescriptive parameters, such as w/b ratio
and compressive strength, as observed in the mixes R 45 and SF 5, can show significantly different performances
when evaluated from the perspective of durability.
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