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Abstract

Keywords

In this paper, six novel mathematical models based on semi-empirical calculus are proposed and applied to characterise the
oven-drying process of cement mortar composites reinforced with cellulosic fibres (CMCRCFs). The drying experiments were
carried out on four levels of oven-drying temperatures (70, 85, 105, and 120 °C), with four different cellulosic fibres content
(0, 5, 10, and 20 %). Obtained results were compared to those derived by regression analysis of six most typically used math-
ematical drying models (Newton, Page, Page modified1, Page modified2, Handerson Pabis, and Logarithmic) in addition to six
proposed models. The regression accuracy of the drying process was evaluated by the coefficient of determination (R?), low
mean square error (MSE), low root mean squared error (RMSE), and mean absolute error (MAE). Additional criteria were used
to ensure more validity of the selected models. The obtained values indicate a highly accurate fit of the proposed model MR9,
meaning that the proposed model can clearly interpret the experimental drying data and predict the dry state of CMCRCFs.

Cement mortar composites, cellulosic fibres, oven drying, modelling, regression analysis

1 Introduction

Due to their good mechanical properties and low cost, ce-
ment-based materials, such as composite mortars and ce-
ment pastes are still widely used in building and road con-
struction. In addition, interest has increased in the use of
cellulosic fibres as alternatives for conventional reinforce-
ments in composites. The development of commercially
viable, environmentally friendly, and healthy materials
based on natural resources is on the rise.” In this sense, cel-
lulosic fibres as reinforcements for cement mortar compos-
ites constitute a very interesting option for the construction
industry. Vegetable and cellulosic fibre cement composites
exhibit improved toughness, ductility, flexural capacity,
and crack resistance compared with non-fibre-reinforced
cement-based materials.”* The significant advantage of fi-
bre reinforcement is the behaviour of the composite after
cracking has started, as the fibres bridge the matrix cracks
and transfer the loads. The post-cracking toughness allows
more extensive use of such composites in construction.
Such extensive use of mortar cement is due to its good me-
chanical properties, low cost, but also its durability, which
is one of the important parameters.” The water-retaining
properties of cementitious materials are an essential indi-
cator of their durability. However, the water flow through
the mortar pores can also indicate greater ease of degra-
dation.® The study of the interaction between water and
solid, in particular during the drying process, is one of the
keys for durability studies of cement products.

Drying of porous materials is a complex process of simul-
taneous heat and mass transfer characterised by external
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convective heat and mass transfer to the drying medium,
and internal transport within the wet solid. The complex
interaction between the solid, the different mechanisms of
heat and mass transfer, lead to difficulties in the explica-
tion of the internal transport of the drying process. Further-
more, the mechanism of moisture migration is dominated
by many physical variables at different drying stages, and
the transport coefficients are a function of moisture con-
tent and temperature within the porous body during the
drying operation. The drying process occurs mainly in two
stages: The first phase is characterised by linear weight loss
over time. During this step, the speed at which moisture
reaches the material surface is faster than the rate at which
moisture is evaporated. The surface where evaporation
takes place is the drying front. In the second phase, mois-
ture transport slows down and the vapour content lost to
the environment is higher than the content that actually
reaches the surface. At this stage, the drying front is inside
the material and no longer on its surface, so the vapour
diffusion from the interior to the surface of the material is
increased.’

Drying process of cement-based porous materials is re-
quired to investigate their microstructure, strength, and
drying characteristics. Moreover, clarifying the kinetics of
drying is desirable for optimising the drying process, which
is significant for engineering, managing waste to obtain
ecological material, and developing new drying devices.®

Concrete drying appears to be a well-known process due
to years of experimental investigation. However, concrete
drying is a complicated process that is influenced by a wide
range of factors, including concrete composition, age, en-
vironmental factors, and local temperature and humidity
in a concrete member.”
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In most industrial drying operations, heat is supplied ex-
ternally to a product by a drying medium to provide en-
ergy for moisture evaporation and removal. Numerous
drying techniques to remove water from dense porous
solids have been developed, such as oven-drying, perchlo-
rate-drying, spray-drying, vacuum-drying, dry-ice-drying,
freeze-drying, methanol-pentane exchange-drying, and
pulse-spouted microwave-drying,®'" but oven-drying re-
mains the most commonly used and probably the cheapest
drying method to remove water confined in cement-based
porous materials (CBPMs). Water removal from porous sol-
ids can be governed by moisture diffusion, capillary flow,
and sorption-based mechanisms, which generate various
drying models."

However, due to the complexity of drying kinetic, which is
affected greatly by temperature and mass transfer process,
two categories of theoretical drying models exist. The first
one is the sorption-based mechanisms, which are based
on Fick’s second law of diffusion, because the transport
process of water from porous solids is generally considered
to be dominated by molecular water diffusion. The second
one is the diffusion-based mechanisms where the trans-
port process of moisture from a porous material is gener-
ally considered to be dominated by moisture diffusion.?
Numerous solutions and approximations of this equation
are proposed leading to easily having the moisture profile
inside the material and its variation with time."

Drying process is well represented by the drying curve that
gives information about the variation of the moisture ratio
with time under several experimental conditions. Accord-
ing to previous studies done for porous materials such as
cement mortar,’> and some building materials; air tem-
perature, relative air humidity, and its velocity are found as
the most influential parameters.

In the current study, the air velocity was kept constant, and
the effect of temperature and cellulosic fibre content on
cement mortar composites reinforced with cellulosic fibres
(CMCRCFs) were investigated.

This paper aims to present experimental measurements of
the drying of CMCRCFs specimens to compare results with
predictions acquired by numerical modelling of the mois-
ture diffusion process.

Firstly, an oven-drying series of tests were carried out on
CMCRCFs specimens under various temperatures, specifi-
cally: 70, 85, 105, and 120 °C in order to model the drying
phenomena. Furthermore, six novel mathematical models
were developed to characterise the drying process of CM-
CRCFs and optimise drying control conditions.

2 Materials and methods
2.1 Materials

The cellulosic fibres used in this study were obtained by
recycling eggs packaging. Portland cement, type CPJ-CEM
lI/A 42.5 N, from (Djelfa cement company, Algeria) was
used for preparing mortar composites. The sand used was
a mixture of natural sand and crushing sand with a fineness
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modulus of 2.5. Proportions of natural sand and crushing
sand were 51.75 and 48.25 %, respectively. Tap water was
used for the mortar preparation. For all mixtures, the rate
of mixing water was variable due to the use of cellulosic
fibres.

In this work, four cellulosic fibre weight fractions of cement
were designed to study the influence of the CF content on
drying kinetics. For each test, three duplicates were used
for the drying tests at the designated age. In total, forty-eight
samples were castin 40 mm X 40 mm X 160 mm moulds.

The mixed proportions of studied mortars and their nota-
tions are presented in Table 1.

Table 1T — Composition of materials and mass proportions

Description m‘;ege”" m‘/wge” Migand)/ & Micelutosic fibres / & | WIC/ =
CMC1 450.00 1 225.00|1350.00 0.00 0.50
CMC2 379.77 311.41/1139.33 19.02 0.82
CMC3 310.85 373.06| 932.57 31.10 1.20
CMC4 225.70 491.90| 677.00 45.14 2.18

The proportion of cement and sand was kept constant
(1 : 3). The reference sample (CMC1) was prepared ac-
cording to the standard with W/C = 0.5 and without
adding cellulosic fibres. For samples CMC2, CMC3, and
CMCH4, the amount of CF was added in portion of 5, 10,
and 20 % from weight of cement, respectively. Cement to
water ratio (W/C) was varied due to the changing amount
of fibres used in the mixture, and considering the hydro-
philic nature of CFE These constituents influence signifi-
cantly the workability of mortars; as a result, the porosity
and mechanical properties are also influenced.

All mixtures were prepared under the same conditions in
a laboratory at a temperature of 20 = 2 °C, and relative
humidity greater than or equal to 50 %. The confection of
the mixture was carried out according to European stand-
ard EN 196-1. Twenty-four hours later, samples were re-
moved from the moulds and stored in a water container at
20 = 2 °C until testing.

2.2 Drying process

To establish a drying kinetics model, the drying test was
conducted for four groups of CMCRCFs (0, 5, 10, and
20 %) at four levels of temperature (70, 85, 105, and
120 °C).

Following the curing period of 28 days in water, the speci-
mens were removed from the tank. They were wiped with
a wet cloth, and wrapped with two layers of plastic film for
48 h to ensure uniform distribution of water in specimens.
Each sample of each mixture was then weighed and equal-
ly spaced in the oven, which was preheated to a specific
temperature for the drying test.
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A ventilated and temperature-programming oven was used
for the drying test. The weight loss measurement during
the experiments was performed by a balance with a sensi-
tivity level of 0.001 g.

The drying test was conducted as follows: firstly, the dry-
er was preheated at the desired temperature. The humid
specimens were weighed and placed on a stainless-steel
sieve. The set was introduced into the oven. The water loss
(m—my) and time (t) of drying were recorded during the
drying test.

The drying procedure was stopped once the relative mass
loss was less than or equal to 0.05 %. The last recorded
weight loss (m,-mg) was used for calculating the moisture
ratio, where: my, m,, and m, are the mass of the specimen
before drying, during drying, and after drying, respectively.
For each material, three independent tests were carried
out to verify the reproducibility and reliability of the ex-
periments.

3 Mathematical modelling

In this work, we focus on the characterisation of the dry-
ing process of CMCRCFs using various models describing
moisture transport in concrete, which can be found in the
literature. These models are empirical, physical, or a com-
bination of both. Some of them are mentioned further. The
experimental drying data were accommodated to twelve
drying models (six models from the literature and six mod-
els proposed in this study), given in Table 2, using MATLAB
software version 2008.

The purpose was to determine the moisture content as a
function of drying time. The selected models were applied
to evaluate the model that best described the oven-drying
behaviour of CMCRCFs during the drying process, where
k, k,, k,, a, b, &, B, and y are constants of the models, and
t is time (h). The dimensionless moisture ratio MR and the
drying rate DR are given by:

_m,—m,
MR——m o 1
0 d
m -m
DR: t+AtAt t (2)

The non-linear regression analysis was used by means of a
non-linear least square method of the scaled Levenberg-
Marquardt algorithm. Twelve drying models (6 from the
literature and 6 proposed) were investigated. The appro-
priate model for the description of the drying kinetics of
CMCRCFs samples was chosen according to the following
criteria: The highest coefficient of determination (R?) and
low root mean squared error (RMSE)."*'® The best-per-
forming model was selected based on the smallest average
error (RMSE = 0) and the largest coefficient of determina-
tion (R? = 1), which were used as indicators of goodness
of fit.

The main purpose of mathematical modelling is predic-
tion. To ensure greater reliability and accuracy of the re-
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Table 2 — Drying models

Description  Model Expression
MRT  Lewis MR = o Kt
MR2 Henderson MR = ae_kt
MR3 Logarithmic MR = ae_kt b
MR4 Page MR < oK t
—kt*
MR5 Page 1 MR = ae
MR6 | Page 2 —kt*
age MR = ae +b
MR7 Proposed Model 1 g = o k1t" ke t”
MR8 Proposed Model 2 _ae M g _pe et
p MR = ae (1-b)e
(04
Tat%e kit
MR9 Proposed Model 3 MR = ——————~
-bt%e k. t
- k. tP
MR10 Proposed Model 4 | /o _ .\ b k, Lde ky t
Y
(04
MR11  Proposed Model 5 | MR = [e_(k1t +k, ¢ )J
Y
(04
MR12 Proposed Model 6 | MR = a{e_(l<1 " +k, tﬁ)}

gression analysis, diverse statistical quantities were used;
mean square error (MSE), mean absolute error (MAE), root
mean square error (RMSE), and coefficient of determina-
tion (R?), which are given by the following formulas:'"-"

(MR MR )’

M

R =1-2] — 3)
Z(MR,“' — MR, )
i=1
RMSE = li(/\/m“p - MR)’ )
N i i i
MSE = — 3" (MR™ — MR:*') (5)
1 N
MAE = NZWR?P — MR ©6)
i=1

where i is the i drying test, and N is the total number of
measurements for each drying test. The closer the values
of RMSE, MSE, and MAE are to zero, and the closer the
R-square is to 1, the more accurate the model results will be.
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The following criteria were used to ensure more validity of
the selected model. These statistics are given as follows:'”

Acceptability criterion, K factor,

N
D MRZPMR:"
K= )

i(MRfal )2

i=1
Acceptability criterion, K’ factor,

N
D MRFPMRS
K= (8)
> (MR
i=1
where 0.85 < K < 1.15and 0.85 < K’ < 1.15 are accepta-
bility criteria.’”

i (MR — K MR=)’
R =1- fé ( pp— 9)
MRS — MR; )

i=1

Drying with 5 % CF

— === 70°C i

e e
5 —-—8--=105°C
= —-—=-—-120°C |
e
g
=
2
2
3 _
£

=]
Saey
. REl N

1% . . . . . . .
% Drying with 20 % CF
—E==70°C i
— - —-85°C
—-8--105°C
— == 120°C

moisture ratio

30 35 40
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N 2
> (MR —KMR™)

Ri =1-- — (10)
Z(MR,?XP ~MRi p)
i=1
R;=R2(1— |R2—R§|) (11)
where R,? = 0.5 is acceptability criterion.!”
R*-R?
MF = — 0 (12)
R? —R?

where MF < 0.1 and NF < 0.7 are acceptability criteria."”

4 Results and discussion

A representative comparison of drying profiles at different
temperatures for different cellulosic fibres content is shown
in Fig. 1.

Drying with 0 % CF
——a-=70°C
—— -~ 85°C
o —-—B—-—-105 °C
'g —-——-—-120°C
o
=1
2
L2
5 J
€
e
o g
L =

30 35 40

time/h

Drying with 10 % CF

—-31—-—70°C |
—-—-— 85°C
—-fa--—105°C
— - 120 °C

moisture ratio

25 30 35 40

Fig. 1 — Effect of temperature and cellulosic fibres content on the drying kinetics
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Fig.2 —Mass lossat T = 70 °C and T = 85 °C with drying time

4.1 Effect of drying temperature

As may be seen from the curves, by increasing air tempera-
ture, the drying process is accelerated due to an increase in
evaporation rate. In addition, at constant air temperature,
increasing the cellulosic fibres content accelerates the dry-
ing process due to a high heat transfer potential.

The effects of different drying temperatures on concrete
strength were studied by 2°, who found that a drying tem-
perature above 85 °C is reasonable and efficient for drying
tests of standard concrete cube specimens.

For cement-based porous material, performing oven-dry-
ing at 105 °C is very efficient for removing water. Howev-
er, such a high temperature can also remove the structural
water of hydration products and lead to decomposition of
the ettringite phase.® Therefore, using a moderate drying
temperature (60 °C or lower) could be a better way to ob-
tain drying efficiency while maintaining the microstructure
of cement-based porous material.®

4.2 Effect of cellulosic fibres content
on the drying kinetics

During drying, the effect of cellulosic fibres content is sig-
nificant where the high fibres content samples have more
void space and present more moisture, thus, it has a longer
constant rate period. This can be explained by the fact
that, at low porosity, it is difficult to pump out the moisture
by capillary forces for a longer time, while at high porosity,
the free moisture content is higher, which allows the capil-
lary forces to keep the surface wet above critical moisture
content for a longer time."” At falling rate period, higher
fibre content samples have a higher drying rate, because
the moisture diffusion and movement are easier and dif-
fuse faster to the sample surface. This is shown in Fig. 1
where the highly porous sample dried faster than the other
samples.”

In addition, a significant and rapid water mass loss was ob-
served in the early drying period for all the samples. Fig. 2

shows that more than 50 % of the confined water was re-
moved from the pores of CMCRCFs, after the first 5 h of
drying for all samples at a drying temperature of 70 °C and
85 °C. The mass-loss rates decreased but remained rapid
as drying time proceeded. The drying profiles show a knee
point around (10 h), before and after which the mass loss
curves are significantly different. This can be explained by
the fact that water -an important component of CMCRCFs,
has a low density but occupies remarkable volumes; it is
thus reasonable that samples with a higher W/C ratio show
greater water loss during drying,'" as may be seen in Fig. 2
for the CMCRCFs with 20 % fibre content.

It is evident from Fig. 3 that the drying rate of CMCRCFs
samples reached the maximum value rapidly and then
gradually decreased.

The maximum drying rate was observed for the higher cel-
lulosic fibres content specimens. It was also noticed that
drying temperatures and cellulosic fibres content greatly
influence the general drying rate curve trend of the CM-
CRCFs. The drying rate curves indicate that the drying
process of the specimens can be divided into two stages,
namely speedup and speed-down,*® except in the cases of
0 % of cellulosic fibres content at 70 °C and 85 °C, which
shows only a falling-rate drying period. As the drying tem-
perature increases, the drying process of the CMCRCFs be-
comes fast and significant water is lost.?

4.3 Modelling of drying kinetics

To study the drying kinetics, the models listed in Table 2
were fitted to the measured data with adjustable parame-
ters. To simplify the comparison, the performances of each
model are shown in Table 3 and Fig. 4.

Table 3 shows the statistical performances of 12 mathe-
matical models based on the most commonly used criteria,
such as (R>, MAE, and RMSE), and the acceptability criteria
(K, K', MF and NF). It is noticeable that data fitting results
are consistent with all of the criteria.
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Fig.3 —DryingrateatT = 70°Cand T = 85 °C

The comparison between the performances of the differ-
ent models indicates that the model proposed in this work,
MR9, provides the best correlation performance, where
the value of RMSE is (= 0.52 %). The second-best corre-
lation performance is given by the proposed model MRS,
where the RMSE has a value of (= 0.62 %).

The results in Fig. 4 show that all the fitting curves captured
the experimental data with good or advanced agreement,
with determination coefficients close to 1 (R* > 0.9900).
This suggests that the analytical models in Table 2 can de-
scribe the drying kinetics of CMCRCFs.

Table 3 — Statistical quantities for tested models

4.4 Evaluation of the best-fit models

The first comparison between the models MR6, MR7,
MR8, MR9, MR10, MR11, and MR12 is presented in the
form of kinetics curves in which the moisture ratio (MR) is
plotted for the entire database.

The variation of the predicted moisture ratio with the ex-
perimental moisture ratio is shown in Fig. 4 for the CM-
CRCFs with 5 % cellulosic fibre content at 70, 85, 105,
and 120 °C.

The comparison of the models results showed that the
equation of the models MR6, MR7, MR8, MR9, MR10,
MR11, and MR12 fitted the best by taking into account

Description | Model R? K K R?%y R?, R, RMSE | MSE MAE MF NF
MR1 Lewis 0.9932 | 1,0055 | 0.9929 0.9986 0.9987 0.9237 | 0.0231 0.0006 | 0.0190 | —0.0110 | —0.0111
MR2 Henderson = 0.9957 | 1.0000  0.9984 | 1.0000 1.0000  0.9325  0.0189 0.0004 0.0150 —0.0088 —0.0088
MR3 Logarithmic | 0.9977 | 1.0000 A 0.9991 1.0000 1.0000 | 0.9526 ' 0.0134 | 0.0002  0.0109 | —0.0046 —0.0046
MR4 Page 0.9976 | 0.9990 0.9985 1.0000 1.0000 | 0.9518  0.0135 0.0002 | 0.0109 | —0.0047 | —0.0047
MR5 E?(%Sified 1 0.9978 | 1.0000 0.9992 1.0000  1.0000 | 0.9532  0.0132 0.0002 | 0.0023 | —0.0044  —0.0044
MR6 rF:?ggified P 0.9992 | 1.0000 | 0.9997 1.0000 | 1.0000 0.9714 | 0.0082  0.0001 | 0.0064 | —0.0017 | —0.0017
Proposed

MR7 Model 1 0.9985 | 1.0012  0.9983  1.0000 1.0000 | 0.9633  0.0104 0.0001 | 0.0082 | —0.0029 | —0.0029
Proposed

MR8 Model 2 0.9995 | 1.0000 | 0.9998 1.0000 | 1.0000 0.9783 | 0.0062  0.0000 | 0.0048 | —0.0011 | —0.0011
Proposed

MR9 Model 3 0.9996 | 0.9998 | 1.0000 1.0000 | 1.0000 0.9818 | 0.0052  0.0000 | 0.0041 | —0.0007 | —0.0008
Proposed

MR10 Model 4 0.9991 1 0.9998 | 0.9999 1.0000 | 1.0000 0.9724 | 0.0079  0.0001 | 0.0055 | —0.0018 | —0.0018
Proposed

MRT1 Model 5 0.9983 | 1.0020 0.9974 1.0000 1.0000 | 0.9610 0.0111  0.0001 | 0.0086 —0.0033 | —0.0033
Proposed

MR12 Model 6 0.9989 | 1.0000 | 0.9996 1.0000 | 1.0000 0.9677 | 0.0092 0.0001 | 0.0073 | —0.0022 | —0.0022
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Fig. 4 - Calculated data from proposed models vs experiment data

the coefficient of determination R?, the constants K, K’, MF,
and NF.

The correlation coefficient (R?), mean absolute error (MAE),
and two constants K and K' are shown in Table 3. The new
MR9 model had the highest value of R?* and the lowest
value of MAE.

The absolute mean error was found 0.41, 0.48, 0.64, and
0.55 % for the MR9, MR8, MR6, and MR10 models, re-
spectively. The new MR9 model had the lowest value of
MAE, so it was chosen as the more suitable with the ex-
perimental data.

The second comparison was made in terms of linear re-
gression between the predicted and experimental mois-
ture ratio to assess the ability of the proposed MR9 mod-
el to describe the oven-drying kinetics. Fig. 5 shows the
juxtaposition of the first bisector and the line of the best
linear fit of the calculated with the experimental values of
moisture ratio. The distribution of the experimental points
confirms excellent agreement between the moisture ratio
calculated by the best proposed MR9 model and that of
the experiment at 70 °C for various fibre content, and at
different temperatures for 5 % of fibre content.

4.5 Comparison with previous results

For comparison purposes, the drying curves were plotted.
They were characterised by the graphical representation of
the evolution of the moisture ratio (generally a decrease in
the moisture ratio). In addition, the drying kinetics is repre-
sented by drying rate versus drying time.

Previous research works have shown that the drying curves
of cement-based porous material have the same general
trend."'22° However, a significant difference had been ob-
served in total drying time and mass loss due to the different
applied drying conditions such as samples shape and size,
composition, water to cement ratio, drying temperature,
relative humidity, and air velocity around the material.

Furthermore, introducing fibres in mortar composition
greatly influences the drying kinetics, where the drying
time decreases and the drying rate varies significantly at
different drying temperatures. Table 4 describes the ap-
plied conditions of some drying tests.
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Fig. 5 — Calculated vs experimental moisture ratio using MR9 model

Table 4 — Description of drying test conditions for comparison

Curing . . o
Authors Samples W/C Shape condition Size Drying temperature /°C
Bennamoun et N : diameter = 13 mm
NEE cement mortar | 0.5 cylindrical shape in water height = 17 mm 60, 90, 130
Zhang et al.*® concrete 0.55 cube in water length = 150 mm 60, 85, 105, 120, 150
cement mortar width = 40 mm
in this study | reinforced with | 0.5 | parallelepiped shape | in water depth = 40 mm 70, 85,105, 120
cellulosic fibres length = 160 mm
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Fig. 6 — Drying curves for comparison

Fig. 6 brings together the drying curves from this study and
other references at different temperature levels. All the
curves have the same general trend. However, a difference
in the shape of individual curves is observed. This differ-
ence is due to the following factors: The shape and size
of specimens (cylinder, cube, and parallelepiped), and the
material (cement mortar, concrete, and cement mortar re-
inforced with cellulosic fibres). Reviewing these factors can
be very useful in identifying the changes that can be seen
over time in a drying process.

5 Conclusion

In this paper, a set of experiments to characterise the ov-
en-drying process of cement mortar composites reinforced
with cellulosic fibres was performed. The results obtained
allow us to conclude that:

* The drying curves have a similar trend regardless of the
CF content.

e The CF content has an important influence on the dry-
ing time of CMCRCFs. The required drying time for
CMCRCFs decreases by about 50 % with the temper-
ature rising from 70 to 105 °C. In addition, CMCRCFs
samples with higher cement content have lower mass
loss compared to those with higher CF content.

* The different drying kinetics of samples could be ex-
plained by their different pore structures due to differ-
ent W/C ratios.

* Increasing temperature and cellulosic fibre content is an
efficient way to augment the drying rates of CMCRCFs.

* The drying rate curves show that the drying process oc-
curs in two stages for samples with 0 % cellulosic fibre
content, and in three stages for samples with 5, 10, and
20 % cellulosic fibre content.

* Most of the models used in this study were found to be
able to capture the drying profiles of CMCRCFs, but the
proposed new MR9 model provides excellent accura-
cy. This model can describe the drying kinetics of CM-
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CRCFs for parallelepiped specimens at temperatures
extending from 70 to 120 °C.

e The results suggest that further experimentation and in-
vestigation should be carried out to confirm the validity
of the proposed models.
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List of abbreviations and symbols

C —cement, g
CF — cellulosic fibres
CMC — composition of cement mortar composite

CMCRCFs - cement mortar composites reinforced with
cellulosic fibres

DR —drying rate, gh™!

K, K’ — acceptability criterion, —

K K — average value of the accessibility criterion, —
k, k,, k,, a, — constants of the models

b o py

MAE — mean absolute error, —

MAE — average value of the mean absolute errors, —
MR — moisture ratio, —

MRe! — calculated moisture ratio, —

MRe® — experimental moisture ratio, —

MR — average value of the moisture ratio, —

MF — M factor, —

MF — average value of the M factors, —

MSE — mean square error, —

MSE — average value of the mean square error, —
NF — N factor, —

NF — average value of the N factors, —

R? — coefficient of determination, —
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RMSE — root mean squared error, —

RMSE — average value of root mean squared errors, —

T — drying temperature, °C
t — drying time recorded during the drying test, h
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SAZETAK

Proces susenja kompozita cementne Zbuke ojacane celuloznim
vlaknima: eksperiment i matematicko modeliranje

Amina Lachenani? Mohamed Bentchikou,® Mouloud Boumahdi?
Salah Hanini®i Maamar Laidi®”

U ovom radu predlozeno je i primijenjeno Sest novih matematickih modela temeljenih na po-
luempirijskom proracunu za karakterizaciju procesa susenja u pe¢nici kompozita cementne zbuke
ojacane celuloznim vlaknima (CMCRCF). Pokusi susenja provedeni su pri Cetiri razine tempera-
ture susenja u pecnici (70, 85, 105 i 120 °C) s Cetiri razlicita udjela celuloznih vlakana (0, 5, 10 i
20 %). Dobiveni rezultati usporedeni su s onima dobivenim regresijskom analizom Sest najcesce
primjenjivanih matematickih modela susenja (Newton, Page, Page modified1, Page modified2,
Handerson Pabis i Logarithmic) uz Sest predlozenih modela. Regresijska tocnost procesa susenja
procijenjena je koeficijentom determinacije (R?), srednjom kvadratnom pogreskom (MSE), korije-
nom srednje kvadratne pogreske (RMSE) i srednjom apsolutnom pogreskom (MAE). Primijenjeni
su i dodatni kriteriji da bi se osigurala veca valjanost odabranih modela. Dobivene vrijednosti
pokazuju dobro slaganje predlozenog modela MR9 s eksperimentalnim vrijednostima, sto znaci
da predlozeni model moze jasno interpretirati eksperimentalne podatke o susenju i predvidjeti
suho stanje CMCRCF-a.
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Kompoziti cementne zZbuke, celulozna vlakna, susenje, modeliranje, regresijska analiza
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