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Abstract.        An experimental company was carried out to better understand the influence of curing temperature on the 

mechanical behaviour of cementitious materials, particularly compressive strength, the study focused on two types of 

mortars, the first containing polypropylene fibers while the second contains a proportion of PVC-type plastic grains from 

industrial waste, the hydration kinetics of the different components of the formulated mortar has been characterized by 

the isothermal calorimetric test, thus a history of the hydration degrees has been established, Afterwards, an attempt was 

made to correlate the compressive strength with the evolution of the degree of hydration for the different formulations, 

based on the results obtained, it is clearly observable that the compressive strength evolves with the degree of hydration 

and that the specimen containing the polypropylene fibers has the best mechanical performance with respect to 

compression. 

1 Introduction 

The mechanical performance of structures based on 

cementitious materials is influenced by microstructural 

temperature and water behaviour[1], particularly the 

departure of water during drying[2], thus understanding 

the behaviour of cementitious materials with regard to 

the thermal effect remains relatively complex, recent 

research works has shown that a high temperature at the 

fresh state has a negative impact on the final 

compressive strength of concrete, but a rise in the cured 

state has a positive effect[3,4,5,6,7]. 

 

The description of the thermal effect on the structural 

behaviour of concrete necessarily leads us to a thorough 

understanding of the hydration kinetics of cement and 

particularly the reaction that governs this phenomenon 

and which is obviously C3A+C3S      C-S-H+ettringities 

[8,9]. 

 

this reaction begins at the beginning of contact between 

cement and water, as C3S interacts with C3A and forms 

C-S-H and ettringites, previous studies have shown that 

this reaction is exothermic and thermoactivated [10,11], 

during concrete pouring, the heat released by this 

exothermic character causes thermodynamic effects 

whose damages are no longer negligible, especially 

when we talk about massive structures such as dams and 

road works or structures in aggressive environments 

such as port dams or reservoirs. 

 

the research work carried out so far on the thermal 

behaviour of cementitious materials [12,13] has led to 

the fact that:  

 The degree of hydration is significantly 

independent of the curing temperature 

 the increase in cure temperature causes a slight 

increase in absorbed sulphate and incorporated 

aluminium 

 the polymerization of C-S-H increases with 

temperature 

the problem posed in this current research work is that 

we have other elements that are added in the reaction 

between cement and water, namely PVC-type plastic 

interposing through (C2H3Cl)n and polypropylene fibres 

embodying through (C3H6)n which have been used as 

substituents[14,15]. 

In this paper we will compare the evolution of hydration 

degree for different curing temperatures and for several 

mortars, among them those containing plastic additives 

and fibres and we will compare the results found with 

those of the reference mortar. 
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2 Materials and methods 

2-1 Materials 

Three types of mortars were carried out, the first is the 

reference mortar, the second contains a proportion of  

polypropylene fibers with different quantities 

(10%,20%,30%,40%), and the third includes a volume of 

plastic grains of type PVC coming from the industrial 

waste. 

The cement used is the CPJ 55 seawater intake 

manufactured in Morocco and more precisely within the 

Lafarge-Holcim plant in Meknes, a specific surface 

Blaine of 359,6 m2/kg, an absolute density of 3080 

kg/m3 and an average compressive strength at 28 days of 

48,47MPa is used for all mixtures of sand concrete. 

as part of the recovery of local materials we have opted 

to use sand extracted from the Oued du Sebou in the 

Sefrou region type 0/4, the formulations and the physico 

mechanical characteristics of the different constituents 

are described in the tables below: 

 

Table 1. Mix design of the formulated mortars 

 

Table 2. Cement properties 

 

Table 3. LF, PVC grains and polypropylene fibers 

properties 

 

PVC: 

 

LF: 

 

PP fibers: 

 

 

 

 

 

 

2-2 Testing methods 

for a better understanding of the phenomenon studied, 

we have opted to formulate small slabs Fig 1 of 

dimensions 150*15*7 cm3: 

 

 
Fig 1 : The slab used for the test’s measurements  

 

The degree of hydration was measured for each of the 

four formulations and at different curing temperatures 

using the following equation: 

 
 

The experimental devices employed are : 

 

1-an isothermal calorimeter Fig 2 with a 700ml 

cylindrical aluminum container, an insulating chamber, a 

700ml beaker (100mm diameter and 100mm height), and 

a stirrer with a square cross-section rod. 

 

Throughout the test, a servo system ensures the thermal 

insulation of the core of the enclosure by imposing a 

temperature around the core that cancels out the flow of 

heat output. This system consists of a series of 

thermocouples, arranged in series around the specimen, 

and a heating grid by Joule effect. The registration of the 

temperature is almost continuous (1 to 3 points per 

minute) from the beginning of the test. 

 
Fig 2 : Isothermal calorimeter 

 

2- a thermocouple used for temperature measurement it 

is inexpensive and allow measurement over a wide range 

of temperatures which in our case reaches 70°C. Their 

main defect is their accuracy: it is quite complex to 

obtain measurements with an error of less than 0.1 °C - 

0.2 °C. Temperature measurement by thermocouples is 

based on the Seebeck effect. 

 

Specific 
weight(g/cm) 

Tensile 
strength(N/mm2) 

Elasticity coefficient 
(KN/mm2) 

0,91 320 at 400 3,6 

Components 
(Kg/m3) Cement Sand LF Water 

Plastic 
grains PP fibers 

Ref LF 350 1627 235 292,5 0 0 

LF+PPF (0.5%) 348.25 1627 235 291.0375 0 1.75 

LF+PPF (1%) 346.5 1627 235 289.575 0 3.5 

LF+PPF (1.5%) 344.75 1627 235 288.1125 0 5.25 

LF+PPF (2%) 343 1627 235 286.65 0 7 

LF+PG (10%) 350 1464.3 235 292.5 162.7 0 

LF+PG (20%) 350 1301.6 235 292.5 325.4 0 

LF+PG (30%) 350 1138.9 235 292.5 488.1 0 

LF+PG (40%) 350 976.2 235 292.5 650.8 0 

Constituants 

With gypse Without gypse 

Clinker Calcaireous Pzz  Gypsum Clinker Calcaireous Pouzz 

75,60 20,90   3,50 78,34 21,66 0,00 

Diameter(mm) Density(g/cm3) Harshness 
Tensile strength 

(MPA) 
Elongation 

at break (%) 

0,33 0,96 55 55 190 

Granular 
class(mm) 

Superficial 
gloss(m2/Kg) 

Water demand 
(%) 

Blue 
value(g/kg) 

Water 
content (%) 

0-0,063 555 0,6 0,66 0,13 
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Fig 3 : the thermocouple used inserted into the small slab 

formulated 

3 Results and discussion 

3-1-The degree of hydration evolution  

the results of the hydration degree history will be 

obtained from the coupling of the experimental 

measurements of the heat released via the isothermal 

calorimeter test and the heat release rate of a hydrating 

cement paste. 

REF LF Mortar 

 

Fig 4 : the experimental evolution of the degree of 

hydration  for the reference mortar for different curing 

temperatures 

in order to avoid repetition, we will present the results of 

the hydration history for a single mortar containing 1.5% 

of polypropylene fibres and another containing 20% of 

plastic grains in order to make a simple comparison with 

the reference mortar. 

LF +1.5%PPF Mortar 

 

Fig 5 : the experimental evolution of the degree of 

hydration  for the  mortar containing 1.5% of 

polypropylene fibers  for different curing temperatures 

LF +20%GP Mortar 

 

Fig 6 : the experimental evolution of the degree of 

hydration  for the  mortar containing 20% of plastic 

grains  for different curing temperatures 

3-2-The compressive strength 

in this section we will present the evolution of 

compressive strength as a function of the degree of 

hydration for the different temperatures mentioned above 

and for the 3 mortars (reference, 1.5%PPF, 20%PG) 

REF LF Mortar 
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Fig 7 : the experimental evolution of the compressive 

strength as a function of the hydration degree for 

different curing temperatures for the reference mortar 

LF +1.5%PPF Mortar 

 

Fig 8 : the experimental evolution of the compressive 

strength as a function of the hydration degree for 

different curing temperatures for the mortar containing 

1.5% of polypropylene fibers 

LF +20%PG Mortar 

 

Fig 9 : the experimental evolution of the compressive 

strength as a function of the hydration degree for 

different curing temperatures for the mortar containing 

20% of plastic grains 

3-3-Discussion of experimental results 

We note from the results of the experimental company 

that the behaviour of concrete regarding the thermal 

effect remains relatively complicated, in fact we note 

that the evolution of the degree of hydration registers a 

significant increase with the curing temperature for the 

different mortars formulated. 

In addition, the degree of hydration increases but slightly 

with the addition of plastic additives and polypropylene 

fibres this is explained by the accelerating role that 

(C2H3Cl)n and (C3H6)n play in the hydration reaction. 

concerning the mechanical resistance to compression, 

this paper confirms the results found in the previous 

published articles, polypropylene fibres play a crucial 

role in improving the mechanical behaviour of 

cementitious meteors regarding compression. 

However, we notice that the final compressive strength 

depends not only on the composition of the mixture but 

also on the cure temperature, in fact we notice that this 

strength decreases significantly with the increase in 

temperature regardless of the mortar formulation, this 

could probably be explained by the increase in porosity, 

which facilitates the penetration of water into the porous 

network. 

For a temperature T > ∼50 °C we notice a significant 

slowing down of the compressive strength for the 

different formulated mortars, this is explicated by the 

fact that the hydration reaction for tricalcium aluminate 

in ordinary Portland cement is altered, monosulfate  

phases become more and more stable as compared to 

ettringite, as monosulfate has a higher density, capillary 

porosity may increase at very higher curing temperatures 

and water can penetrate easily the porous body of the 
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structure which generate an increasing E/C rate and 

consequently a decreasing in compressive strength. 

4-prediction model of hydration 
reaction applied for the reference 
mortar at 23°C 

We will try through this chapter to create a continuous 

model that describes the history of hydration levels for 

the reference mortar at the curing temperature 23°C 

based on some experimental data such as the heat 

released at 48 hours. 

According to the law of Arrhenius we have: 

 

Where  is the degree of hydration, A is the thermal 

affinity, Ea is the activation energy, T is the temperature 

degree considered equal to 23°C in the modelling part 

and R is the international constant of perfect gases.  

considering Q as the heat released and Ql  the heat 

released limit which is considered in our case equal to 

442.5J/g , we can obtain from (1) that: 

     (2) 

 

Fig 10 : the numerical evolution of the released heat as a 

function of time for the reference mortar at 23°C. 

Fig 11 : the numerical evolution of the released heat rate 

as a function of time for the reference mortar at 23°C. 

Fig 12 : the numerical evolution of the hydration degree 

as a function of time for the reference mortar at 23°C. 

5-conclusion 
the conclusions drawn from this experimental company 

carried out on a small concrete slab in order to obtain 

reliable and realistic results  have enabled us to have (1) 

a history of the mechanical compressive strength for 

different curing temperatures ranging from 10°C to 70°C 

and for different formulations as well, (2) the hydration 

kinetics of Portland cement used in the concrete mix 

design. 

From what above it can be deduced once again that 

polypropylene fibers and plastic additives operate 

through their chemical composition respectively 

(C3H6)n and (C2H3Cl)n which interact with C3S and 

C3A and contribute by the way in accelerating the 

hydration reaction and therefore engender the increasing 

of hydration degree. 

The proposed model with considering the effect of 

curing temperature reasonably estimate the compressive 

strength and degree of hydration of pastes cured at any 

conditions. 

it is finally necessary to achieve the fact that only the 

formulation and curing temperature do not allow a global 

understanding of the mechanical behaviour of 

cementitious materials, there is still a fundamental 

parameter to be studied which is the internal relative 

humidity and which has a direct relation with the 

shrinkage phenomenon, fundamental source of curling 

and cracks. 
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