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The objective of this paper is to investigate the characterization of moisture diffusion inside early-age concrete slabs subjected
to curing. Time-dependent relative humidity (RH) distributions of three mixture proportions subjected to three different curing
methods (i.e., air curing, water curing, and membrane-forming compounds curing) and sealed condition were measured for
28 days. A one-dimensional nonlinear moisture diffusion partial differential equation (PDE) based on Fick’s second law, which
incorporates the effect of curing in the Dirichlet boundary condition using a concept of curing factor, is developed to simulate the
diffusion process. Model parameters are calibrated by a genetic algorithm (GA). Experimental results show that the RH reducing
rate inside concrete under air curing is greater than the rates under membrane-forming compound curing and water curing. It is
shown that the effect of water-to-cement (w/c) ratio on self-desiccation is significant. Lower w/c ratio tends to result in larger RH
reduction. RH reduction considering both effect of diffusion and self-desiccation in early-age concrete is not sensitive to w/c ratio,
but to curing method. Comparison between model simulation and experimental results indicates that the improved model is able
to reflect the effect of curing on moisture diffusion in early-age concrete slabs.

1. Introduction

Anunderstanding of temperature curling andmoisturewarp-
ing gradients in Portland cement concrete (PCC) pavement
slabs due to environmental loads plays an important and
fundamental role in the process of rigid pavement stress
analysis. Temperature gradients and their resulting curling
effects on slabs have been well solved and implemented in the
pavement engineering community while a sound interpreta-
tion of moisture warping which is caused by a nonuniform
moisture distribution through the depth of slabs is still lack-
ing [1]. Typically, moisture gradients in concrete pavement
generate differential shrinkage between the top and bottomof
pavement, which leads towarping stresses. Field investigation
shows that the top of pavement is in tension but the bottom
is in compression for a vast majority of time [2].

The moisture gradients within an in-service slab depend
not only on environmental conditions, such as ambient air
relative humidity (RH), solar radiation, temperature, wind

speed, and local rainfall, but also on concrete properties,
such as water-to-cement (w/c) ratio, cement and aggregates
type, and curing method [3, 4]. Accurate and validated
moisture transport modeling in PCC pavement slabs which
can properly incorporate all these influencing factors is
critical for developing moisture gradients and calculating
warping stresses in slabs.

Three primary mechanisms control the moisture trans-
port (namely, water movement) process in concrete, that is,
permeation, diffusion, and absorption [5, 6]. Permeation is
the movement of the water flow under a pressure gradient.
Diffusion, driven by moisture concentration differential,
occurs inside of concrete and absorption, resulting from cap-
illary suction on concrete surface, takes place when concrete
is in contactwith liquidwater.The latter two aremajor driving
forces because concrete pavement slabs are generally neither
fully saturated nor subject to a pressure head and therefore
permeation can be neglected [6]. The diffusion process of
concrete slabs at early ages is the primary focus in this paper.
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The biggest challenge for diffusion modeling is the selection
moisture diffusivity function with associated parameters and
proper boundary conditions which can properly interpret
experimental results. For concrete pavement, curing is one
of the important factors affecting the diffusion process in
concrete early ages.

The aim of this paper is to determine the modeling pa-
rameter that characterizes the diffusion in early-age concrete
slabs subjected to different curing methods through labora-
tory measurements and numerical simulations.

2. Literature Review

Extensive studies have been conducted on the characteriza-
tion and modeling of moisture diffusion of concrete slabs
from the prospective of both numerical simulation and lab-
oratory or in situ measurements. In situ investigations have
shown that the moisture gradient varies significantly to a
depth of approximately 5 cm (2 inches), whereas the deeper
portions of pavement slab remain at approximately 80% of
saturation or higher [7]. Laboratory experimental measure-
ments and simulations showed that the influential depth is
about 50 to 100mm from the external surface drying [6].

Modeling ofmoisture diffusion in concrete generally con-
siders the external drying of concrete exposed to atmospheric
environment, self-desiccation due to cement hydration, or
both. A number of references are found in literatures on the
investigation of moisture diffusion due to external drying in
concrete. Parrott [3, 4] developed an empirical RH prediction
model based on experimental data in which w/c ratio, drying
time, and ambient RH are dependent variables. In Persson’s
empirical model, RH is formulated as a function of w/c
ratio and drying time [8]. Bažant and Najjar [9] firstly
developed a nonlinear diffusion equation for concrete in
which diffusivity function depends on themoisture content of
concrete, porosity of concrete, w/c ratio, and internal temper-
ature distribution. In the partial differential equation (PDE),
constant environmental RH is used in the third-type surface
boundary condition. The concept of equivalent thickness
(0.75mm) is used to describe air curing effect. Akita et al.
[10] confirmed the effectiveness of the diffusion equation and
reported the values of parameters in diffusivity function for a
wide range of concrete mixture proportions. Effect of cement
self-desiccation was considered in the modeling of moisture
diffusion of concrete at early ages by Kim and Lee [11]. It
was reported that low-strength concrete with high w/c ratio
was mostly influenced by moisture diffusion due to drying
rather than self-desiccation. In high-strength concrete with
low w/c ratio, nevertheless, self-desiccation had a substantial
influence on moisture development. Similarly, Wong et al.
[12] carried out water diffusion tests in concrete at different
w/c ratios and ambient temperatures. A calibrated S-shaped
diffusivity function as proposed by Bažant and Najjar [9] was
derived, whose parameters are in good agreement with those
reported by Sakata [13] andHanson [14].The samemodel was
adopted by Aquino et al. [15] for partial enclosed concrete
columns.

Recently, Wei et al. [1, 6] measured the time-dependent
internal RH profiles of concrete slabs due to three moisture

transport processes, for example, self-desiccation, external
drying, and water absorption, which were validated using
a numerical simulation procedure considering these three
processes simultaneously. In the PDE model, diffusivity
function proposed by Bažant and Najjar [9] and the Dirichlet
boundary condition were adopted. Zhang et al. [16–18]
investigated the development of internal RH of C40 and
C80 concrete slabs at early ages by means of both laboratory
experiments and numerical calculation. In the process of
modeling, both cement hydration and moisture diffusion
resulting humidity variations are taken into account syn-
chronously. In the PDE model, a multiple-linear diffusivity
function and the Dirichlet boundary condition were used.
In the FHWA HIPERPAVE moisture transport model [19],
diffusivity function by Bažant and Najjar [9] was adopted.
The self-desiccation model developed by Oh and Cha [20]
and the third-type surface boundary condition were used
in the model. The impact of external factors such as drying
and wetting cycles, wind speed, and ambient RH onmoisture
diffusion was investigated by Qin and Hiller [21]. Except for
widely used diffusivity function by Bažant and Najjar [9],
some other functions were also proposed in the modeling of
moisture diffusion in concrete [22, 23].

A comprehensive survey of the current research efforts
suggests that nonlinear diffusion equation, which is also
called Fick’s second law, is widely accepted for modeling of
moisture diffusion for both immature and hardened concrete.
There is a lack of systematic and extensive studies on the
mechanisms of moisture diffusion in concrete at early ages
subjected to different curing methods. The quantification of
model parameters characterizing curing is still inadequate
due to limited experimental data. The effect of curing on
moisture diffusion in concrete slabs still remains unknown.

3. Experimental Program

3.1. Materials. Specimens were casted using normal Portland
cement, coarse aggregate, and fine aggregate. The class of
normal Portland cement is P.O. 42.5; coarse aggregate is
crushed limestone with a maximum size of 31.5mm; fine
aggregate is natural sand with a fineness modulus of 2.86. To
get a slump of 80–100mm, a liquid water-reducing admixture
with a dosage (by weight) of 1.0% is used. The concrete
mixture proportions are listed in Table 1. Four specimens
were casted for each mixture proportion.

3.2. Moisture Diffusion Tests. To investigate time-dependent
moisture distributions in early-age concrete subjected to
different curing methods, three methods (e.g., air curing,
water curing, and membrane-forming compounds curing)
were used in the experiments for three specimens. To simplify
the testing and modeling processes, one-dimensional (1D)
moisture diffusion in concrete is designed in the one-face
drying tests. Waterproof plywood molds with inner surface
joints sealed were used to prevent moisture loss from other
five faces of specimens. This ensures that moisture can only
be evaporated from surface face.

Variations inmoisture content, in terms of RH,weremea-
sured at two positions within each concrete slab specimen
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Table 1: Mixture proportions of concrete (kg/m3).

Mixture number w/c Cement Water Sand Coarse aggregate
(4.75–9.5mm)

Coarse aggregate
(9.5–31.5mm)

N30 0.3 390 117 738 462 692
N40 0.4 390 156 723 452 678
N50 0.5 390 195 707 442 664

Figure 1: Waterproof plastic mold with PVC tubes.

with dimensions of 150 ∗ 150 ∗ 150mm. Sensirion SHT15
digital humidity and temperature combined sensors were
used to measure the humidity and temperature in slabs. The
manufacturer-reported accuracies of relative humidity and
temperaturemeasurements are ±2% and ±0.3∘C, respectively.
The sensor was calibrated using standard environmental
chamber with known RH in the range of 40–100%.

To keep the sensor at the designed location in concrete,
two holes with a diameter of 14mm were drilled in two
opposite faces of a plastic mold and then two PVC tubes
with outer diameter of 14mm were inserted into those holes
prior to casting of concrete, as shown in Figure 1. Tubes were
slowly retracted a certain period of time after concrete casting
and RH probes were inserted into the holes in concrete for
measurement. The optimal pulling out time may vary for
different cement type, casting temperature, and ambient RH.
The optimal time was determined to be four hours in the
present study based on the results of a series of pretests. The
hole-ends were sealed using silicone plugs and paraffin wax.
The schematic and real setups of tests are shown in Figures
2 and 3, respectively. Two additional sensors were placed
in the surface of specimen to measure the ambient RH and
temperature. An air conditioner was used to control indoor
environmental temperatures.

Since self-desiccation exists in cementitious mixtures
because cement hydration continues and it causes uniform
RH reduction in concrete and the extent depends on the ini-
tial w/c ratio and the degree of hydration [6], RH reductions
caused by cement self-desiccation at different w/c ratio levels
were also measured for sealed specimens.

Curing was implemented immediately after retracting
of PVC tubes. Three different curing methods are applied
to three specimens with same mixture proportions. A total
of nine diffusion tests were carried out. For water curing,
an amount of 0.1 kg water was sprayed on the drying face

Data collector

Sensor

Concrete

Silicone plug
Paraffin wax

Waterproof mold

15
2

11
2

Figure 2: Schematic of RH measurement for concrete at different
locations (unit: cm).

Figure 3: RH tests for early-age concrete.

of concrete once a day for the entire testing period; for
membrane-forming compounds curing, 0.05 kg liquid curing
compound was uniformly sprayed on the surface; for air
curing, ambient air is directly applied on the specimen
surface.

4. Model Development and Solution

4.1. Development of Moisture Diffusion Model. As described
in previous literatures, 1D moisture diffusion process in
concrete can be described by using Fick’s second law as

𝜕 (RH − RH
𝐿
)

𝜕𝑡
=
𝜕

𝜕𝑥
{𝐷 ⋅

𝜕

𝜕𝑥
(RH − RH

𝐿
)} , (1)

where RH = pore RH in concrete, 0 ≤ RH ≤ 1; RH
𝐿
= pore

RH reduction in concrete resulting from self-desiccation, 0 ≤
RH ≤ 1; 𝑥 = depth of concrete slabs from top to bottom;
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𝑡 = time; and 𝐷 = diffusivity coefficient (m2/s), which is a
function of concrete RH and is expressed as [9]

𝐷 = 𝐷
0
(𝛼
0
+

1 − 𝛼
0

1 + ((1 − RH) / (1 − RH
𝜕
))
𝑛
) , (2)

where 𝐷
0
= maximum of 𝐷 at full saturation; namely,

RH = 100%; 𝛼
0
= ratio of minimum to maximum diffusivity

coefficient; RH
𝜕
= concrete RH at 𝐷 = 0.5𝐷

0
; and 𝑛

= parameter that characterizes the spread of the drop in
diffusion coefficient.

4.2. Self-Desiccation Model. Humidity reduction, also called
moisture sink, results from the chemical reaction between
cement and water and is dependent on cement hydration
degree. The model proposed by Oh and Cha [20] is adopted
in this paper to characterize the moisture loss due to self-
desiccation, which is expressed as

RH
𝑠
= (RH

𝑠,𝑢
− 1) (

𝛼

𝛼
𝑢

)

𝑆

+ 1, (3)

where RH
𝑠
= RH in concrete resulting from self-desiccation;

𝛼
𝑢
= ultimate degree of hydration; 𝛼 = degree of hydration;

RH
𝑠,𝑢

= RH due to self-desiccation at ultimate degree of
hydration; and 𝑆 = parameter that depends on w/c ratio.

Therefore, RH reduction RH
𝐿
can be rewritten as follows:

RH
𝐿
= 1 − RH

𝑠
= − (RH

𝑠,𝑢
− 1) (

𝛼

𝛼
𝑢

)

𝑆

. (4)

Exponential concrete hydration model proposed by Pane
and Hansen [24] is adopted to capture the relationship
between degree of hydration and equivalent age, which is
defined as

𝛼 = 𝛼
𝑢
𝑒
−(𝜏/𝑡
𝑒
)

𝛽

, (5)

where ultimate degree hydration 𝛼
𝑢
is expressed as in the

following equation proposed by Mills [25]:

𝛼
𝑢
=
1.031w/c
0.194 + w/c

; (6)

𝜏 = hydration time parameter (h); 𝛽 = hydration shape
parameter; and 𝑡

𝑒
= equivalent age at reference temperature

(21.1∘C), h.
Arrhenius method is used to represent the equivalent age

of concrete at the reference temperature that would result in
the same value of maturity as the curing period for the given
average temperature, which is expressed as [26]

𝑡
𝑒
= ∑ exp{−𝐸

𝑅
[(

1

273 + 𝑇
𝑎

) − (
1

273 + 𝑇
𝑟

)]}Δ𝑡, (7)

where 𝐸 = activation energy, J/mol = {33, 500, 𝑇 ≥

20
∘C; 33, 500 + 1472(20 − 𝑇), 𝑇 < 20∘C}, 𝑅 = universal gas

constant, 8.3144 J/(mol K),𝑇
𝑎
= average concrete temperature

during time interval Δ𝑡, ∘C; 𝑇
𝑟
= reference temperature,

21.1∘C; and Δ𝑡 = time interval.

4.3. Initial andBoundaryConditions consideringCuring Effect.
Since concrete is fully saturated right after casting, initial
condition for governing equation (1) is as follows:

RH (𝑥, 𝑡) = 100%, 𝑡 = 0. (8)

With respect to top boundary condition (drying surface
condition), most of current studies use either the Dirichlet
or the third-type boundary condition, which are shown as
follows, respectively:

RH (𝑥, 𝑡) = RH
𝑒𝑛
, 𝑥 = 0, 𝑡 > 0, (9)

−𝐷
𝜕RH
𝜕𝑥

= 𝑓 ⋅ (RH
𝑠
− RH
𝑒𝑛
) , 𝑥 = 0, 𝑡 > 0, (10)

where RH
𝑠
=RH at drying surface; RH

𝑒𝑛
=RHof ambient air;

and 𝑓 = surface factor.
It is shown that RH of slab at 𝑥 = 0 directly equals RH

of ambient air in the Dirichlet boundary condition, which
means that there exists no moisture gradient in the interface
of slab and air. A recent experiment by Li [27] shows that the
moisture gradient in the interface of slab and air gradually
reduces and disappears. Therefore, it is recommended to
use the Dirichlet boundary condition in the external drying
modeling of concrete instead of the third-type boundary
condition [27].

For the third-type boundary condition, it is physically
reasonable because it demonstrates the mechanism of mois-
ture exchange between ambient air and concrete in the slab
surface. However, it is particularly difficult to quantify surface
factor as it is dependent on a few factors, such as concrete
surface texture, w/c ratio, wind speed, and temperature. Since
it cannot be directlymeasured by experimentalmethods, cur-
rent knowledge on surface factor is only based on statistical
regression from limited experimental data [10]. Accordingly,
the third-type boundary condition is not used in the present
paper.

Curing of concrete with water or membrane basically
changes the top boundary condition because the essence of
curing is to cover with a layer of water or chemical compound
the concrete surface for a predetermined period of time,
which prevents excessive loss of moisture compared with air
curing. For membrane-forming compound curing and water
curing, a certain thick of concrete surface is initially subjected
to unsaturated or saturated condition. Moisture decreases
gradually as drying time goes. The average moisture content
of concrete surface during this period is greater than the
moisture content compared with the situation of air curing.
Therefore, the effect of curing can be mathematically treated
as a modification of the Dirichlet condition in the modeling
of moisture diffusion. Combining with the results by Li [27],
this present paper introduces a concept of curing factor to
account for this effect for the top boundary condition in the
diffusion model. Accordingly, (9) can be rewritten as

RH (𝑥, 𝑡) =
{

{

{

𝑓
𝑐
RH
𝑒𝑛
, if 𝑓

𝑐
RH
𝑒𝑛
< 1, 𝑥 = 0, 𝑡 > 0,

1, if 𝑓
𝑐
RH
𝑒𝑛
≥ 1, 𝑥 = 0, 𝑡 > 0,

(11)

where 𝑓
𝑐
is curing factor to be calibrated and it is equal to 1

for case of air curing.
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Figure 4: RH due to self-desiccation.

With respect to bottom boundary condition, since the
specimen is sealed, Neumann boundary condition is used as
in

𝜕RH
𝜕𝑥

= 0, 𝑥 = 𝑙, 𝑡 > 0, (12)

where 𝑙 is the height of specimen.

4.4.Model Solution. TheCrank-Nicolson schemewhich is an
implicit finite difference method is used to numerically solve
the developed diffusion model, as shown in (1), with initial
condition (8) and boundary conditions (11) and (12).

Let RH
𝑖,𝑗
denote the RH of 𝑖th node at𝑗th time step. Δ𝑥

and Δ𝑡 represent location step length and time step length.
The Crank-Nicolson scheme for an internal node is

− 𝐷
𝑗−1/2

RH
𝑖+1,𝑗−1

+ (
2 (Δ𝑥)

2

Δ𝑡
+ 𝐷
𝑗+1/2

+ 𝐷
𝑗−1/2

)RH
𝑖+1,𝑗

− 𝐷
𝑗+1/2

RH
𝑖+1,𝑗+1

= 𝐷
𝑗−1/2

RH
𝑖,𝑗−1

+ (
2 (Δ𝑥)

2

Δ𝑡
− 𝐷
𝑗+1/2

− 𝐷
𝑗−1/2

)RH
𝑖,𝑗

− 𝐷
𝑗+1/2

RH
𝑖,𝑗+1
.

(13)

For the surface node, the ambient air RH is directly
applied. Time-dependent ambient air RH is used in this study.
It is noteworthy that almost all existing studies adopted a
constant value of the ambient air RH. The finite difference
form for surface node is given by

RH
1,𝑗
=
{

{

{

𝑓
𝑐
RH
𝑒𝑛
(𝑗) , if 𝑓

𝑐
RH
𝑒𝑛
(𝑗) < 1,

1, if 𝑓
𝑐
RH
𝑒𝑛
(𝑗) ≥ 1.

(14)

Table 2: Major parameter values of GA.

Parameters Value/range
Chromosomes crossover type Blending
Chromosomes mutation type Random
Maximum generation 500
Population size 100
Random seed 6
Crossover probability 0.95
RH
𝑠,𝑢

[0.70, 0.98]
𝑆 [3, 5]
𝜏 [1, 60]
𝛽 [0, 1]
𝐷
0

(×10−10m2/s) [0.1, 8.0]
𝛼
0

[0.01, 0.1]
RH
𝜕

[0.6, 0.98]
𝑛 [1, 16]
𝑓
𝑐

[1, 3]

For the slab bottom node, RH of (𝑁 + 1)th node is equal
to that of𝑁th node, which is expressed as

RH
𝑁+1,𝑗

= RH
𝑁,𝑗
. (15)

4.5. Calibration of Model Parameters. To determine the
parameters inmodels of diffusion and self-desiccationmodel,
a standard genetic algorithm (GA) calibration procedure is
used [28]. The logic of the calibration is to find the optimal
value of parameters which can minimize the difference
between simulated RH and measure RH of concrete for both
diffusion and self-desiccationmodels.The RootMean Square
Error (RMSE) is used as fitness function in GA, which is
defined by

RMSE = √
∑
𝑎

𝑤=1

∑
𝑏

𝑘=1

(RHmea
𝑘,𝑤

− RHsim
𝑘,𝑤

)
2

𝑎𝑏
,

(16)

where RHmea
𝑘,𝑤

= measured concrete RH at 𝑤th location when
drying time index is 𝑘; RHsim

𝑘,𝑤

= simulated concrete RH at𝑤th
locationwhen drying time index is 𝑘;𝑤 = RH sensor location
index, 𝑤 = 1 for self-desiccation model and 𝑤 = 1, 2 for
diffusionmodel; 𝑎 = number of sensors, 𝑎 = 2; and 𝑘 = drying
time index in simulation and measurement, 𝑘 = 1, 2, . . . , 𝑏.

A MATLAB program for performing GA is developed in
this study. The major GA parameter values used in this study
are based on the survey of literatures [5, 9, 10, 12, 16, 19, 20]
and are illustrated in Table 2.

5. Results and Discussions

5.1. Comparison of Tests with Model Simulation Results.
Moisture diffusion tests for three specimens for eachmixture’s
proportions subjected to three different curingmethods were
conducted for 28 days. RH reductions caused by cement
self-desiccation at three w/c ratios were also measured for
three sealed specimens. RH data were measured every 1 h
and averaged in a 24 h interval at the data processing stage.
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Figure 5: Comparisons of test results with model simulations for N30: (a) air curing, (b) membrane-forming compound curing, and (c)
water curing.

Table 3: Calibrated parameters for self-desiccation model.

Mixture number RH
𝑠,𝑢

𝛼
𝑢

𝑆 𝜏 𝛽

N30 0.80 0.626 4.64 15 0.62
N40 0.87 0.694 4.12 38 0.76
N50 0.93 0.743 3.48 50 0.81

The calibrated parameters for diffusion and self-desiccation
models are presented in Tables 3 and 4. For curing factor, it
describes the quality of curing effect. Large value of curing

factormeans the curing is more effective for preventing water
evaporation from concrete surface. The physical meanings
of the other calibrated parameters are described previously
in Sections 4.1 and 4.2. Figure 4 illustrates the predicted
and measured RH distributions due to self-desiccation of
concrete for mixture proportions N30, N40, and N50. The
measured and simulated variations of RH at the distances of
20 and 40mm from exposed surface due to both moisture
diffusion and self-desiccation for specimensmade bymixture
proportions N30, N40, and N50 under three different curing
methods are shown in Figures 5, 6, and 7.
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Figure 6: Comparisons of test results with model simulations for N40: (a) air curing, (b) membrane-forming compound curing, and (c)
water curing.

Table 4: Calibrated parameters for diffusion model simulation.

Mixture number 𝐷
0

(×10−10m2/s) 𝛼
0

RH
𝜕

𝑛
𝑓
𝑐

Air curing Compound curing Water cuing
N30 0.93 0.018 0.793 1.0 1.0 2.06 3.12
N40 1.62 0.022 0.792 1.5 1.0 2.28 3.57
N50 2.13 0.04 0.795 2.0 1.0 2.33 3.62
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Figure 7: Comparisons of test results with model simulations for N50: (a) air curing, (b) membrane-forming compound curing, and (c)
water curing.

It is found from Figure 4 that the RH due to self-
desiccation after 28 days is around 85%, 90%, and 95% for
concrete with w/c ratio of 0.3, 0.4, and 0.5, respectively.
This shows that the effect of w/c ratio on self-desiccation is
pretty significant. Lower w/c ratio tends to result in larger
RH reduction. This result is consistent with previous studies
[11, 29, 30].

It is shown from Figures 5, 6, and 7 that RH of all
specimens at location 𝑥 = 20 and 40mm gradually decreases
due to external drying. However, the reducing rates vary for

different curing methods. The overall magnitude of RH
reducing rate is air curing greater than that of both
membrane-forming compound curing and water curing for
mixtures N30, N40, and N50. For each curing method,
however, the final RHs at two locations after 28 days are
almost the same for mixtures N30, N40, and N50. It is
therefore concluded that RH reduction considering both
effect of diffusion and self-desiccation in early-age concrete
is not sensitive to w/c ratio, but to curing method. Another
indication from simulation results is that RH reducing rates
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at location 𝑥 = 20 and 40mmare the same for the first several
days under the condition of membrane-forming compound
curing and water curing (around 17 d for membrane-forming
compound curing and 23 d for water curing). It is demon-
strated that both water and membrane-forming compound
curing can prevent the excessive moisture loss of concrete.

5.2. Discussions. With developed moisture diffusion model
and experimental results, it is shown that incorporating
curing factor in modeling moisture diffusion inside early-
age concrete subjected to curing can result in more accurate
simulation results.This is not surprising since concrete curing
basically changes the concrete surface moisture content and
the curing factor that modifies the boundary condition in
the modeling essentially describes the mechanism of curing.
Moreover, the use of the Dirichlet boundary condition at the
top surface of concrete in the moisture diffusion modeling
can avoid the calibration of surface factor in the third-type
boundary condition without loss of accuracy. It is therefore
concluded that the proposed modified Dirichlet boundary
condition is appropriate for the modeling of moisture diffu-
sion in cured concrete at early ages.

The developed approach can produce a reasonable result
for the studied concretemixture.However, a deep exploration
of curing factor needs more moisture diffusion experiments
and simulations for a variety of concrete with different
mixture proportions. Another limitation is that the accuracy
of RH sensor is ±2%, which makes the results interpretation
difficult. High-accurate RH sensor is suggested to be used in
the future study.

6. Conclusions

This paper investigates the characterization ofmoisture diffu-
sion in early-age concrete slabs subjected to different curing
methods using the approach of both theoreticalmodeling and
experimental testing. The moisture development of concrete
specimens at three w/c ratios subjected to three different
curing methods, for example, air curing, water curing, and
membrane-forming compounds curing, was experimentally
measured for a period of 28 days. Besides, RH changes
over time were measured for sealed specimens at three
w/c ratios. A one-dimensional nonlinear moisture diffusion
partial differential equation (PDE) based on Fick’s second
law, which incorporates the effect of curing in the boundary
condition using a concept of curing factor, is developed to
simulate the diffusion process.

Experimental results show that the RH reducing rate
inside concrete for three curing methods is air curing greater
than membrane-forming compound curing and water cur-
ing. It is shown that the effect of w/c ratio on self-desiccation
is significant. Lower w/c ratio tends to result in larger RH
reduction. Besides, RH reduction considering both effect of
diffusion and self-desiccation in early-age concrete is not
sensitive to w/c ratio, but to curing method.

It can be concluded that the proposed modified Dirichlet
boundary condition in diffusion model is appropriate for the
modeling of moisture diffusion in cured concrete at early
ages. It is worth noting that the results in the study are based

on limited experimental data sets. More tests need to be
carried out in the future to draw reliable results for a variety
of concrete with different mixture proportions.
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