
 
 

Delft University of Technology

Modelling the effect of plastic sheet curing on early age temperature development in
concrete pavement

Ren, Dongya; Houben, Lambert

DOI
10.1080/10298436.2018.1502431
Publication date
2018
Document Version
Accepted author manuscript
Published in
International Journal of Pavement Engineering

Citation (APA)
Ren, D., & Houben, L. (2018). Modelling the effect of plastic sheet curing on early age temperature
development in concrete pavement. International Journal of Pavement Engineering, 21 (2020)(5), 559-570.
https://doi.org/10.1080/10298436.2018.1502431

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1080/10298436.2018.1502431
https://doi.org/10.1080/10298436.2018.1502431


Modelling the Effect of Plastic Sheet Curing on Early Age 

Temperature Development in Concrete Pavement 

Prediction of the temperature development at early age is a good starting point to 

assess the development of the restrained thermal stress and thermal cracking in 

rigid pavements. This paper presents a numerical early age concrete pavement 

temperature prediction model. It enables to evaluate the effect of various paving 

conditions, such as paving time, curing method, air temperature, wind speed, and 

the concrete placement temperature, on the early age concrete pavement 

performance. A critical review of current heat flux models at the pavement 

surface covered with a plastic sheet is presented. An extension of existing models 

to quantify the effect of the plastic sheet curing method is introduced, based on 

the energy balance method. The numerical implementation procedure for the 

proposed temperature prediction model is solved by the finite difference method. 

The temperature prediction model was verified with field measured data of two 

test sections. The predicted temperature shows a satisfying match with field 

measured data. Lastly, the effect of plastic sheet curing and its duration on the 

development of the pavement temperature was analysed by the proposed 

theoretical model.  

Keywords: temperature prediction; plastic sheet curing; early age; concrete 

pavement 

INTRODUCTION 

Fluctuations in temperature produce expansion and contraction in a concrete pavement, 

and when they are restrained, they lead to the development of stresses and possibly 

cracking, which may significantly affect the pavement’s early age and long-term 

performance (Suh et al. 1992; Schindler et al. 2002). Several numerical models are 

available for evaluating the temperature and/or moisture distribution in concrete 

pavements, such as the well-known Enhanced Integrated Climatic Model (Dempsey et 

al. 1986), High performance concrete paving (Schindler et al. 2002), Temperature and 

Moisture Analysis for Curing Concrete (Yang 1996; Ye 2007). However, those models 

are not used in the correct way or that the models are not capable to accurately predict 
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the concrete temperature under curing conditions. The liquid curing compound, which is 

the most common curing method for concrete pavement construction, is used to protect 

the pavement concrete against drying out. For certain applications, the polyethylene 

sheeting together with the curing compound is commonly used in the concrete 

pavement construction practice. Polyethylene sheeting is very beneficial in retaining 

moisture of hardening concrete and thus minimizes the drying shrinkage. Polyethylene 

sheeting also acts as a thermal insulator as the use of insulation materials reduces the 

heat flux at the pavement surface. However, it can be detrimental if used improperly. It 

may result in too high concrete temperature in the summer construction conditions that 

thus cause damages following the concrete placement. For instance, the color of 

polyethylene sheeting is considered as the most critical variable that significantly 

increases the maximum concrete temperature and zero-stress temperature in a concrete 

pavement (Schindler et al. 2002). Besides, Figure 1 shows the measured concrete 

temperature at the top of the slab with and without the polyethylene sheet cover for a 

Continuously Reinforced Concrete Pavement (CRCP) section placed in July in Texas, 

United States. The difference between the maximum concrete temperatures at the 2
nd 

day after paving is as high as 14
o
C at the top of the slab. 

      This paper describes in detail the development of an early age concrete pavement 

temperature prediction model that enables to simulate the use of blended slag cement 

and the plastic sheet curing method. This proposed model is then verified with field-

measured data of two projects in Belgium.  

EXISTING HEAT FLUX MODELS FOR PAVEMENT SURFACE WITH 

PLASTIC SHEET 

An overall heat transfer coefficient proposed by McAdams (1954) to evaluate the 

convective heat transfer coefficients due to the presence of different insulation materials 



is adopted in both MEPDG and HIPERPAV II (Ruiz et al. 2006):  

 ℎ0 = (
1

ℎ𝑐𝑜𝑛𝑣
+

𝑑1

𝑘1
+

𝑑2

𝑘2
+ ⋯ +

𝑑𝑛

𝑘𝑛
)−1  (1) 

Where, 

ℎ0   = the overall heat convection coefficient, [W/m
2
/
o
C]; 

𝑑1, 𝑑2, ⋯ , 𝑑𝑛 = thickness of n successive insulation layers, [m]; 

𝑘1, 𝑘2, ⋯ , 𝑘𝑛 = thermal conductivity of n successive insulation layers, [W/m/
o
C]. 

  CIMS (1988), computer interactive maturity system, included some regression 

equations for the convective heat transfer coefficients to represent the heat loss by 

various insulation methods according to experiments results. These equations were 

derived by a best-fit curve in terms of wind velocity by using the least squares method, 

and those equations were implemented in the program CIMS. In case of the curing 

method by polyethylene sheeting, the following regression equation is proposed 

(adapted for the SI units): 

 ℎ𝑐𝑜𝑛𝑣,𝑝𝑠,𝐶𝐼𝑀𝑆 = −0.0040𝑣𝑤𝑖𝑛𝑑
2 + 0.5156𝑣𝑤𝑖𝑛𝑑 + 5.1461 (2) 

Where, the range of 𝑣𝑤𝑖𝑛𝑑 is from 0 to 10 m/s.  

The thermal characteristics of various insulation materials were well 

summarized by Schindler et al. (2002). Normally, a clear polyethylene sheeting with a 

thickness of 0.15 mm is used immediately after the concrete placement. The thermal 

conductivity of such a polyethylene sheeting is chosen as 0.043 W/m/
o
C according to 

ASHRAE 1993 Handbook. Figure 2 shows the calculated convective heat transfer 

coefficients for cases with and without the polyethylene sheeting curing method. The 

method by HIPERPAV significantly overestimates the convective heat transfer 

coefficient with polyethylene sheeting as compared to that by the regression equation in 



CIMS. It indicates that the treatment of heat flux for a pavement cured with 

polyethylene sheeting through the principle of an overall heat transfer coefficient is 

inadequate, which thus leads to underestimation of the pavement temperature. This 

problem has been noticed by the program developers of HIPERPAV when they verified 

the HIPERPAV model with temperature measurement data (Ruiz et al. 2006). It was 

found that using the real thickness of the plastic sheet would significantly underestimate 

the amount of heat retained by the pavement in case of the plastic sheet curing method. 

They interpreted that as follows: when a plastic sheet is used, it is not in full contact 

with the slab, and the air between concrete and sheet act as additional insulation. 

Finally, they recommended using an additional air layer thickness of 5 mm in addition 

to the plastic sheet in those cases where a plastic sheet is used. The air thermal 

conductivity at 20 
o
C is about 0.0257 W/m/K. As shown in Figure 2, the estimated heat 

convection coefficients by the calibrated model in HIPERPAV is close to the CIMS 

model that is in agreement with field measurements. 

Besides, the calibrated overall heat convection model in HIPERPAV and the 

regression model in CIMS only account for the effect of a plastic sheet on the 

convective heat transfer, while its effects on the radiation are neglected. However, the 

radiation heat flux on the pavement surface alters as well when a plastic sheet is used, 

because the plastic sheet in general has different reflectance, transmittance, and 

absorbance for both shortwave radiation from the sun (0.2 to 1.2 µm) and the longwave 

radiation (2 to 50 µm) originating from the pavement surface and surrounding 

environment. For instance, it is well known that transparent polyethylene sheeting is 

widely used to increase the soil temperature in the agricultural field. The first part is the 

so-called greenhouse effect of the cover of the polyethylene sheeting through the 

reduction of heat losses by long wave radiation, especially when intensive cooling 



occurs during the night. Another effect of polyethylene sheeting is the reduction of the 

evaporation, and thereby the reduction of the heat fluxes through the pavement surface. 

Thus, in case a plastic sheet is applied, a more fundamental heat transfer model initially 

proposed by Mahrer (1979) is adopted in the present study and it is briefly described as 

follows. 

THEORETICAL HEAT FLUX MODEL FOR PAVEMENT SURFACE 

CONSIDERING PLASTIC SHEET 

Mahrer (1979); Mahrer (1980); Mahrer et al. (1984); Ham and Kluitenberg (1994); Wu 

et al. (1996) have proposed one dimensional soil temperature models to predict the 

temperature of bare and mulched soil. In case of a pavement covered by polyethylene 

sheeting, the net heat flux at the pavement surface is determined as the sum of the net 

radiation flux, heat convection, and transmitted heat by conduction to the lower layers 

of the pavement structure. 

The non-stationary heat conduction problem of the thermal behaviour of 

concrete during hardening can be described by the well-known Fourier equation 

(Narasimhan 1999), which relates the change of temperature over time to the change of 

temperature with depth considering the thermal properties. 

𝜌𝑐
𝜕𝑇

𝜕𝑡
= 𝜆

𝜕2𝑇

𝜕𝑥2 + 𝑞(𝑥, 𝑡)                                             (3) 

Where, 𝜌, 𝑐, 𝜆 are the density, heat capacity and thermal conductivity of the 

pavement, respectively; 𝑇 is pavement temperature as a function of time 𝑡 and depth 

below the pavement surface 𝑥; 𝑞(𝑥, 𝑡) is the rate of heat of cement hydration at time t 

under pavement depth 𝑥. 



Heat balance equations for pavement surface 

When a plastic sheet is applied, the net radiation fluxes 𝑅𝑛𝑃 at the pavement surface 

consist of the net shortwave radiation (incoming shortwave solar radiation) and net 

longwave sky irradiance transmitted through the transparent plastic sheet, longwave 

radiation emitted from the plastic and pavement surface. Thus, the net radiation flux at 

the pavement surface with plastic sheet 𝑅𝑛𝑃 is given by: 

𝑅𝑛𝑃 = (1 − 𝛼𝑃)𝜏𝑠𝑞𝑠𝑜𝑙𝜌
∗ + 𝜀𝑃𝜏𝑙𝜎𝑇𝑠𝑘𝑦

4 ρir
∗ + 𝜀𝑃𝜀𝑙𝜎𝑇𝑝𝑠

4 ρir
∗ − (1 − 𝜌𝑙)𝜀𝑃𝜎𝑇𝑠

4ρir
∗       (4) 

Where 𝛼𝑃 is the short wave reflectivity of pavement surface; 𝜏𝑠 is short wave 

transmissivity of the plastic sheet; 𝑞𝑠𝑜𝑙 is the incoming instantaneous solar radiation; 𝜀𝑃 and  

𝜀𝑙 are the emissivity of the pavement surface and plastic sheet, respectively;  𝜏𝑙 and  𝜌𝑙 are 

transmissivity and reflectivity of the plastic sheet to the long wave radiation, respectively; 

𝑇𝑠 and 𝑇𝑝𝑠 are temperature of the pavement surface and the plastic sheet, respectively; 𝑇𝑠𝑘𝑦 

is the estimated effective sky temperature of the surrounding environment;  𝜎 is Stefan-

Boltzmann constant, 5.669 × 10−8 𝑊𝑚−2𝐾−4. 

As pavement is considered to be an opaque body, the short wave reflectivity of 

pavement surface 𝛼𝑃= 1- the solar absorptivity of pavement surface. The solar absorptivity 

of concrete pavement is as function of surface color, concrete component and slab abrasion 

(Levinson and Akbari 2002; Ruiz et al 2006).  McCullough and Rasmussen (1999) 

recommended typical values ranging from 0.5 to 0.6 for new and older concrete, 

respectively. In addition, the application of white curing compound reduces the solar 

absorptivity by 0.1 to 0.35. For this study, a solar absorptivity of 0.50 was chosen which 

is found most appropriate for concrete pavements cured with white curing compound 

according to several field temperature measurements (Schindler et al. 2002).  



The effective sky temperature 𝑇𝑠𝑘𝑦 is the temperature of the surrounding 

environment, and is not equal to the ambient air temperature, and it is influenced by the 

dew point, water vapour pressure, sky cloud cover, etc. A simplified model proposed by 

Walton (1983) to calculate the effective sky temperature based on the dew point 

temperature, ambient temperature and the cloud cover is chosen in this study because 

the required inputs for the calculation of the effective temperature are available from 

meteorological stations. Moreover, Walton’s model to calculate the effective sky 

temperature has been successfully used in several pavement temperature prediction 

models (Walton 1983; Bentz 2000). The effective sky temperature model proposed by 

Walton (1983) is expressed as: 

𝑇𝑠𝑘𝑦 = 𝜀𝑠𝑘𝑦
0.25 ∙ 𝑇𝑎                                                                          (5) 

𝜀𝑠𝑘𝑦 = 0.787 + 0.764 ∙ 𝑙 𝑛 (
𝑇𝑑𝑝+273

273
) ∙ 𝐹𝑐𝑙𝑜𝑢𝑑                               (6) 

Where, 𝑇𝑎and 𝑇𝑑𝑝 are the ambient air temperature and dew point temperature, 

respectively; 𝐹𝑐𝑙𝑜𝑢𝑑 is the cloud cover factor. 

The variables 𝜌∗ and 𝜌𝑖𝑟
∗  in Equation (4) represent the multiple reflections of the 

shortwave and longwave radiation between the plastic sheet and pavement surface, 

respectively. For instance, considering the infinite transfer processes of short wave 

radiation under a polyethylene sheet as shown in Figure 3(a), the net solar short wave 

radiation 𝑞𝑠𝑜𝑙,𝑝
∗ absorbed by the pavement surface with a polyethylene sheet is given by: 

𝑞𝑠𝑜𝑙,𝑝
∗ = 𝜏𝑠𝑞𝑠𝑜𝑙(1 − 𝛼𝑃) + 𝜏𝑠𝑞𝑠𝑜𝑙𝛼𝑃𝜌𝑠(1 − 𝛼𝑃) + 𝜏𝑠𝑞𝑠𝑜𝑙𝛼𝑃

2𝜌𝑠
2(1 − 𝛼𝑃) + 𝜏𝑠𝑞𝑠𝑜𝑙𝛼𝑃

3𝜌𝑠
3(1 − 𝛼𝑃) + ⋯     (7) 

Where, 𝜌𝑠 is the shortwave reflectivity of the plastic sheet, rearranging the terms 

at the right side of Equation (4) results in the following equation: 



𝑞𝑠𝑜𝑙,𝑝
∗ = 𝜏𝑠𝑞𝑠𝑜𝑙(1 − 𝛼𝑃)(1 + 𝛼𝑃𝜌𝑠 + 𝛼𝑃

2𝜌𝑠
2 + 𝛼𝑃

3𝜌𝑠
3 + ⋯ )                 (8) 

Based on Taylor series’ approach, (1 + 𝛼𝑃𝜌𝑠 + 𝛼𝑃
2𝜌𝑠

2 + 𝛼𝑃
3𝜌𝑠

3 + ⋯ ) equals 

1 (1 − 𝛼𝑃𝜌𝑠⁄ ), and for the sake of simplicity using the multiplier 𝜌∗ in place of 

1 (1 − 𝛼𝑃𝜌𝑠⁄ ) . Similarly, as shown in Figure 3(b), the variables 𝜌𝑖𝑟
∗  accounting for the 

multiple reflections of longwave radiation can be obtained as follows: 

𝜌𝑖𝑟
∗ =

1

1−𝜌𝑙(1−𝜀𝑃)
                                                                (9) 

The air gap between the pavement surface and the polyethylene sheet is very 

thin, thus it is adequate to assume that the temperature of the trapped air is the same as 

the temperature of the polyethylene sheet 𝑇𝑝𝑠. Moreover, the airflow through the wind 

does not affect the pavement surface covered by polyethylene sheeting, therefore, only 

the free heat convection is considered for the covered pavement surface. Finally, the 

heat convection 𝑞𝑐𝑜𝑛𝑣,𝑝𝑠 at the pavement surface covered by a polyethylene sheet is 

calculated by: 

𝑞𝑐𝑜𝑛𝑣,𝑝𝑠 = ℎ𝑐𝑜𝑛𝑣,𝑝𝑙(𝑇𝑝𝑠 − 𝑇𝑠)                                                (10) 

Where, the convective heat transfer coefficient between the upper plastic sheet 

surface and the atmosphere is defined by the heat convection model in HIPERPAV II (Ruiz 

et al. 2006). 

ℎ𝑐𝑜𝑛𝑣 = 3.727 ∙ 𝐶 ∙ (0.9 ∙ (𝑇𝑠 + 𝑇𝑎) + 32)−0.181 ∙ (𝑇𝑠 − 𝑇𝑎)0.266  ∙ √1 + 2.857 ∙ 𝑣𝑤𝑖𝑛𝑑       (11) 

Where, C is a constant correction factor depending on the heat flow condition, it 

is chosen as 1.79 when the pavement surface is warmer than the air, and 0.89 when the 

pavement surface is cooler than the air, 𝑣𝑤𝑖𝑛𝑑 is the wind speed near the pavement 



surface. The convective heat transfer coefficient ℎ𝑐𝑜𝑛𝑣,𝑝𝑠 is determined through 

inputting a zero wind speed.  

A polyethylene sheet normally does not transmit water. Therefore, the latent 

heat through evaporation in this study is taken as zero for the pavement surface covered 

with a polyethylene sheet. In the case of the hardening concrete, the heat generation rate 

of the cement hydration at the top surface layer 𝑞𝑐,𝑠 should be also included. Therefore, 

the thermal balance equation for the covered pavement surface used in the present study 

is expressed by: 

𝑅𝑛𝑃 + 𝑞𝑐𝑜𝑛𝑣,𝑝𝑙 + 𝑞𝑐,𝑠 − 𝜆𝑐
𝜕𝑇

𝜕𝑥
|

𝑠𝑢𝑟𝑓𝑎𝑐𝑒
=

Δ𝑥

2
∙ 𝜌𝑐 ∙ 𝑐𝑐 ∙

𝜕𝑇𝑠

𝜕𝑡
                        (12) 

Where 𝜆𝑐, 𝜌𝑐, 𝑐𝑐 are the thermal conductivity, density, and heat capacity of the 

top concrete layer, respectively; Δ𝑥 is the differential pavement thickness for the energy 

balance thickness of the pavement surface. In this study, the heat generation rate of the 

cement hydration at the top surface layer 𝑞𝑐,𝑠 is determined by a concrete hydration 

model proposed by De Schutter (De Schutter and Taerwe 1985; Ren 2015). The above-

mentioned thermal balance equation at the hardened pavement surface has been used 

successfully by several researchers (Gui et al. 2007; Han et al. 2011; Alavi et al. 

2014).By combining Equation (4) and Equation (10), the heat balance Equation (12) for 

the covered pavement surface can be rewritten as: 

(1 − 𝛼𝑃)𝜏𝑠𝑞𝑠𝑜𝑙𝜌∗ + 𝜀𝑃𝜏𝑙𝜎𝑇𝑠𝑘𝑦
4 ρir

∗ + 𝜀𝑃𝜀𝑙𝜎𝑇𝑝𝑠
4 ρir

∗ − (1 − 𝜌𝑙)𝜀𝑃𝜎𝑇𝑠
4ρir

∗ +

                              ℎ𝑐𝑜𝑛𝑣,𝑝𝑙(𝑇𝑝𝑠 − 𝑇𝑠) + 𝑞𝑐,𝑠  − 𝜆𝑐
𝜕𝑇

𝜕𝑥
|

𝑠𝑢𝑟𝑓𝑎𝑐𝑒
=

Δ𝑥

2
∙ 𝜌𝑐 ∙ 𝑐𝑐 ∙

𝜕𝑇𝑠

𝜕𝑡
            (13) 

Heat balance equations for plastic sheet surface 

As shown in the Equations (13), the polyethylene sheet temperature 𝑇𝑝𝑠 must be known for 



each time step. It can be obtained by the heat balance equation for the plastic sheet. 

Considering the rather thin thickness of a polyethylene sheet, the heat flux through 

conduction and evaporation is considered as zero, and the heat balance equation for the 

plastic sheet can thus be written as: 

𝑅𝑛𝑝𝑠 + ℎ𝑐𝑜𝑛𝑣,𝑝𝑠(𝑇𝑠 − 𝑇𝑝𝑠) + ℎ𝑐𝑜𝑛𝑣(𝑇𝑎 − 𝑇𝑝𝑠) = 0                                 (14) 

Where, 𝑅𝑛𝑝𝑠 is the net heat radiation for the plastic sheet; the subsequent two terms 

in Equation (14) represent the convective heat transfer between the lower plastic sheet 

surface and the underlying pavement surface, and between the upper plastic sheet surface 

and the atmosphere, respectively. Similar to the net radiation for the pavement surface, the 

net radiation 𝑅𝑛𝑝𝑠 for the plastic sheet is given by: 

𝑅𝑛𝑝𝑠 = 𝑞𝑠𝑜𝑙[(1 − 𝜌𝑠) − 𝜏𝑠(1 − 𝛼𝑃 + 𝜏𝑠𝛼𝑃)𝜌∗] + 𝜎𝑇𝑠𝑘𝑦
4 [(1 − 𝜌𝑙) − 𝜏𝑙(𝜏𝑙 + 𝜀𝑃(1 − 𝜏𝑙)𝜌𝑖𝑟

∗ ] −

𝜀𝑙𝜎𝑇𝑝𝑠
4 [2 − (1 − 𝜀𝑃)(1 − 𝜏𝑙 − 𝜌𝑙)𝜌𝑖𝑟

∗ ] + 𝜀𝑃𝜎𝑇𝑆
4[(1 − 𝜏𝑙 − 𝜌𝑙)𝜌𝑖𝑟

∗ ]                          (15) 

Where, 𝜀𝑙 is the emissivity of the plastic sheet that is equal to the longwave 

absorptivity of the plastic sheet, and is calculated from the corresponding longwave 

reflectivity and transmissivity of the plastic sheet (𝜀𝑙 = 1 − 𝜏𝑙 − 𝜌𝑙). Putting Equation (15) 

into Equation (14), the heat balance eqaution for the plastic sheet can be written as follows: 

𝑞𝑠𝑜𝑙[(1 − 𝜌𝑠) − 𝜏𝑠(1 − 𝛼𝑃 + 𝜏𝑠𝛼𝑃)𝜌∗] + 𝜎𝑇𝑠𝑘𝑦
4 [(1 − 𝜌𝑙) − 𝜏𝑙(𝜏𝑙 + 𝜀𝑃(1 − 𝜏𝑙)𝜌𝑖𝑟

∗ ] −

𝜀𝑙𝜎𝑇𝑝𝑠
4 [2 − (1 − 𝜀𝑃)(1 − 𝜏𝑙 − 𝜌𝑙)𝜌𝑖𝑟

∗ ] + 𝜀𝑃𝜎𝑇𝑠
4[(1 − 𝜏𝑙 − 𝜌𝑙)𝜌𝑖𝑟

∗ ]   + ℎ𝑐𝑜𝑛𝑣,𝑝𝑠 (𝑇𝑠 − 𝑇𝑝𝑠) +

ℎ𝑐𝑜𝑛𝑣(𝑇𝑎 − 𝑇𝑝𝑠)=0                                                                         (16) 

Lastly, the unique value of 𝑇𝑝𝑠 that simultaneously satisfies the heat balance 

Equation (16) for the plastic sheet is obtained by solving this quartic equation using 

MATLAB.  



Optical properties of plastic sheet 

The optical properties of the polyethylene sheet have been recognised as its primary 

parameters affecting the soil temperature (Mahrer 1979; Ham et al. 1993; Ham and 

Kluitenberg 1994). However, no European standard is currently available for selecting the 

type of polyethylene sheeting for concrete curing. Currently,  ASTM C171 (2007) is the 

only available standard that covers sheet materials for curing concrete. Two types of 

polyethylene films, clear and white opaque, are included in ASTM C171. However, ASTM 

C171 only specifies that the minimum thickness of the used polyethylene films shall be not 

less than 0.10 mm and the daylight reflectance of the white opaque polyethylene sheet shall 

be at least 70%, and no more requirements are listed. The low-density clear polyethylene 

sheeting is commonly used for the initial curing of a concrete pavement in Belgium. Table 

1 summarizes the reported optical properties for clear polyethylene sheets (Mahrer 1979; 

Sui and Zeng 1992; Ham and Kluitenberg 1994; Wu et al. 1996; Castro and Rey 2011). The 

moderate values of the optical properties reported by Ham and Kluitenberg (1994) are used 

in the present study: the transmissivity and reflectivity of shortwave radiation are 0.84 and 

0.11, respectively, and the transmissivity and the reflectivity of longwave radiation are 0.78 

and 0.17, respectively. According to the heat transfer theory, the emissivity of a body to the 

radiation of certain wavelength is equal to the relevant absorptivity, and the sum of the 

transmissivity, the reflectivity, and the emissivity equals a unity.  

Figure 4 shows the calculated convective heat transfer at the pavement surface for 

the motorway E17 in Belgium by the new model considering the optical properties of the 

polyethylene sheet (Ren 2015). It clearly indicates that the polyethylene sheet reduce the 

convective heat flux significantly at the pavement surface. It is also observed that the 

convective heat flux is not sensitive to the wind speed when the pavement is covered by the 

plastic sheet curing.  



MODEL VERIFICATION 

Pavement temperature profiles in the early age are calculated by the finite difference 

method (Ren 2014 and 2015). The heat-diffusion problem of the hardening concrete is 

solved by an explicit finite difference method and the numerical prediction algorithm is 

implemented by MATLAB. Field measured temperature data of the CRCP pavement slab 

on the motorway E17 near Ghent (Belgium) in August 2011, and on the motorway E313 

near Herentals (also in Belgium) in September 2012 are used to verify the proposed 

temperature prediction model (Ren 2012). Thermocouples were installed along various 

depth of the pavement slab and the temperatures are recorded at half hour intervals over a 

72 hours period. The pavement structures of both worksites are designed under the current 

CRCP standard design concept in Belgium. The pavement structure consists of a 250 mm 

CRCP slab laid upon a 50 mm bituminous interlayer,  a 150 mm roller compacted concrete 

base or lean concrete base, a  sand subbase and the subgrade. However, it should be 

mentioned that the CRCP slab of E313 consists of two-lift construction, with a 50 mm top 

layer and 200 mm bottom layer constructed wet by wet. The depth of the simulation model 

is selected as 6.0 m and at that depth a constant ground temperature of 11.0°C, the 

approximation of the annual average air temperature in Belgium, is used. The 

computational domain is discretized in depth by 48 elements, with 10 elements for the 

pavement slab, 2 elements for the asphalt interlayer, 6 elements for the cement-stabilized 

base, 6 elements for the sand subbase, and 24 elements for the subgrade. The thickness and 

thermal parameters, tabulated in Table 2, of the pavement slab and the underlying layers are 

obtained from literatures (Thompson et al. 1987; Schindler et al. 2002). The time increment 

for each step is 180 seconds to ensure the convergence of the explicit numerical integration 

scheme considered in this approach.  



The concrete mixture compositions, construction conditions, and hydration 

parameters for both case studies are listed in Table 3. The cement adopted in both cases is 

blast furnace slag cement, CEM III/A 42.5 N/LA, produced by Holcim. It contains 36% to 

65% granulated blast furnace slag, with 410 m
2
/kg Blaine surface. Climatic input 

parameters are obtained from the nearest weather stations as shown in Figure 5. The 

ambient environmental conditions at any specific time are calculated by cubic spline 

interpolation of the values from the weather station records.  

The required concrete hydration parameters of the De Schutter hydration model for 

both projects are obtained from the measured values through isothermal calorimetry 

conduction tests on paste samples. Due to space limitations, for more details about the 

proposed temperature model and the corresponding input parameters, reference is made to 

(Ren 2015). 

RESULTS AND ANALYSIS 

The estimated hourly concrete temperatures at various depths for both E313 and E17 are 

illustrated in Figure 6. The calculated results for both cases are quite close to the observed 

values. Moreover, the patterns of the estimated concrete temperatures at various depths are 

also similar to that of the corresponding observed temperatures. As shown in the Figure 6, 

the highest concrete temperature occurs during the first 24 hours after the concrete 

placement, which is due to the combination of external effects such as air temperature and 

internal effects of the generated hydration heat during the concrete curing process. The 

errors between estimated and observed temperature in the first 72 hours after concrete 

placement for both cases are summarized in Table 4. The deviations of the estimated and 

observed values are mostly within the ± 3.0
 o
C, and the largest deviations mainly occur at 

the first daytime when the internal heat of hydration generation rate is the highest. 



The error analyses for the first 72 hours after concrete placement for both E17 and 

E313 are summarized in Table 4. The relative lower value of the Absolute Mean Error 

(AME) and the Root Mean Square Error (RMSE) indicates a reasonable fit between the 

observed and estimated temperatures for every location. Within each project, higher values 

of AME and RMSE are observed for the upper part of the pavement slab. The observed 

negative values of the Sum of Residuals (RES) in the project E17 as compared to |RES| for 

all locations suggest that the proposed model consistently underestimates the actual 

temperature value. The predicted temperature at various depths shows much smaller 

discrepancies between the measurement data in the project E313. The correlation 

coefficients R2 for all the locations for both cases are above 0.915 as shown in Figure 7, 

suggesting a very accurate fit, based on the overall first 72 hour data. 

EFFECT OF PLASTIC SHEET COVER 

To investigate the effect of the cover with the polyethylene sheet on the development of the 

concrete temperature and stress, two simulations have been conducted for various duration 

of the plastic sheet cover in summer condition, as shown in Figure 8 and Figure 9. The 

simulated examples include a morning placement (8 am) and an afternoon placement (4 

pm). The other variables are sunny day, wind speed 3.5 m/s, the concrete placement 

temperature chosen equal to the air temperature at placement. The optical properties of the 

polyethylene sheet that is commonly used in Belgium concrete pavement practice are 

summarized in Table 3. Besides, the early age thermal stress development for CRCP in 

these two conditions are evaluated by a theoretical model proposed by Ren (2015),  

including a relaxation model for young concrete based on the degree of hydration and a step 

by step increment method used to calculate the stress history of hardening concrete. Due to 

space limitations, for more details about the proposed early age thermal stress development 

model for CRCP, reference is made to (Ren 2015). 



Figure 8 shows the effect of the plastic sheet cover duration on the development of 

the slab temperature for the morning placement and afternoon placement in summer, 

respectively. The continuous grey line represents the air temperature. Almost without 

exception, the application of a plastic sheet cover significantly increases the concrete 

temperature in summer construction. In the morning paving example, the peak concrete 

temperature at the top of the slab (25 mm below the surface) increases from 37.6
o
C without 

plastic sheet cover to 45.3
o
C when the pavement is covered by a plastic sheet during 12 

hours. The peak temperature further increases when the plastic sheet is applied longer and 

the peak temperature can even occur at the second day after placement. It is observed that a 

considerable large positive temperature difference between the surface and bottom of the 

pavement slab, larger than 10
o
C, develops at final set, which indicates a larger negative 

built-in temperature gradient. Another interesting finding is the rapid temperature drop 

when the plastic sheet is removed before the first night. Together with the corresponding 

low tensile strength present at that moment, it leads to the primary crack initiating during 

the first night. It may cause unwanted random cracks before the saw cuts are implemented. 

In case of afternoon placement on the summer day, the peak temperature at the top of the 

slab occurs at the second day following the concrete paving regardless of the plastic sheet 

cover duration. The peak temperature and the zero-stress temperature are slightly lower for 

the afternoon paved sections as compared to the section placed in the morning. Lastly, field 

survey shows that no cracks do occur during the first night when the concrete is placed in 

the afternoon or evening.  

Figure 9 illustrates the effects of the plastic sheet cover duration on the development 

of the slab temperature and thermal stress for the morning placement and afternoon 

placement in autumn construction, respectively. It is clearly shown that the application of 

the plastic sheet curing method does not increase the zero-stress temperature considerably. 



A much more uniform temperature distribution is also observed at the final set of concrete 

for the autumn construction cured by a plastic sheet. 

If the plastic sheet curing method has to be used in sunny summer condition, due to 

the requirement of exposed aggregate surface treatment, one possible solution to avoid 

increasing the zero-stress temperature considerably is to select the adequate type of 

polyethylene sheeting. The optical properties of the polyethylene sheeting dominate the heat 

flux at the pavement surface thereby influencing the pavement temperature development in 

the early age. The type of polyethylene sheeting to be chosen depends on the concrete 

curing temperature. For instance, reflective sheeting should be used when curing 

temperatures exceed 30
o
C (ASTM C171 2007). On the contrary, dark coloured sheeting is 

recommended in cold season construction to help increasing the curing temperature.  

CONCLUSIONS 

This paper describes the processes of developing a theoretical heat flux model for concrete 

pavements with plastic sheet curing. A critical review of current heat flux models at the 

pavement surface with plastic sheet is presented. The method by HIPERPAV significantly 

overestimates the convective heat transfer coefficient with polyethylene sheeting which thus 

leads to underestimation of the pavement temperature. Besides, the calibrated overall heat 

convection model in HIPERPAV and the regression model in CIMS only account for the 

effect of a plastic sheet on the convective heat transfer, while its effects on the radiation are 

neglected.  

An extension of existing models to quantify the effect of the plastic sheet curing method is 

introduced, based on the energy balance method. A simple numerical calculation using the 

finite differential method is presented. After that, the proposed temperature model is 

verified with field measurements on two concrete pavements in Belgium. The predicted 



temperature shows a satisfying match with the data measured in the field.  

Polyethylene sheet curing is very beneficial in capturing moisture of fresh concrete that 

minimizes the plastic shrinkage damage and reduces the drying shrinkage as well.  

However, the polyethylene sheet curing method can be detrimental if used improperly. It 

could result in too high concrete temperatures in summer construction conditions that thus 

might cause damages following placement. If the plastic sheet curing method has to be used 

in sunny summer condition, due to the requirement of exposed aggregate surface treatment, 

one possible solution to avoid increasing the zero-stress temperature considerably is to 

select the adequate type of polyethylene sheeting. The proposed model enables to 

theoretically simulate the effects of a plastic sheet on the development of the concrete 

temperature and thermal stress. 
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Table 1. Optical properties of clear polyethylene sheet. 

Author 
Short wave optical properties Longwave optical properties 

transmissivity reflectivity transmissivity reflectivity 

Mahrer, 1979 0.880 0.220 0.700 0.300 

Sui et al. 1992 0.840 -- 0.750 -- 

Ham et al. 1994 0.840 0.110 0.780 0.170 

Wu et al. 1996 0.890 0.060 0.800 0.160 

De Castro et al. 2011 0.733 0.265 0.600 0.398 

  



Table 2. Summary of thermal parameters of concrete slab and underlying layers. 

Parameter Concrete slab Asphalt 

interlayer 

Cement treated 

base 

Sub-base Subgrade 

Thickness (m) 0.25 0.05 0.30 0.60 4.80 

Space increment (m) 0.025 0.025 0.05 0.10 0.20 

Time increment (s) 180 180 180 180 180 

Density (kg/m3) 2350 2300 2350 1800 2000 

Heat capacity (J/m3/℃) 1000 1050 1000 900 1200 

Heat conductivity (W/m/℃) 3.0 1.4 2.5 2.4 1.5 

  



Table 3. Summary of input parameters for both case studies in Belgium. 

Parameter 
 

E17 Ghent 
E313 Herentals 

 Top layer  Bottom layer  

Construction Conditions     

Construction day and time  22:00, 

18/08/2011 

00:00, 

12/09/2012 

23:30,  

11/09/2012 

Fresh concrete temperature  25.0℃ 22.5℃ 22.5℃ 

Curing method (plastic sheet)1     

Plastic sheet  placement time  22:00, 

18/08/2011 

00:00, 

12/09/2012 

-- 

Plastic sheet  removal time  15:00, 

19/08/2011 

13:30, 

12/09/2012 

-- 

Polyethylene sheet type    Clear low density polyethylene 

Shortwave radiation transmissivity  0.84 

Shortwave radiation reflectivity  0.11 

Longwave radiation transmissivity  0.78 

Longwave radiation reflectivity  0.17 

Pavement surface emissivity  0.80 

Pavement surface absorptivity  0.50 

  



Table 4. Summary of the statistics of hourly estimated and observed temperatures for 

the first 72 hours after concrete placement. 

Statistics 
E17 E313 

50 mm 100 mm 225 mm 75 mm 100 mm 175 mm 22 5mm 

R2 0.915 0.948 0.951 0.951 0.954 0.967 0.980 
AME 1.31 1.16 0.90 0.77 0.77 0.56 0.51 
RMSE 1.67 1.37 1.08 1.00 0.99 0.79 0.63 
RES -73.39 -63.15 -47.64 2.26 6.82 -11.83 -24.35 
|RES| 95.87 84.71 65.48 56.32 56.39 40.80 37.30 

  



 

Figure 1. Measured concrete pavement surface temperature with and without plastic 

sheet cover, after Nam 2005. 



 

Figure 2. Comparison of heat convection models with plastic sheeting. 
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Figure 3. Schematic of multiple reflections of the short wave radiation (a), long wave 

sky irradiance (b), and long wave radiation from the plastic sheet (c) and pavement 

surface (d), respectively. 

 

 

 

 



 

Figure 4. Comparison of net heat flux at the pavement surface with and without plastic 

sheet curing, E17, concrete placed at 22:00, August 18, 2011. 
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Figure 5. Air temperature, wind speed and solar radiation during the construction period 

for the worksites on E313 (September 2012) and E17 (August 2011), respectively. 
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(a) 

 

(b) 

Figure 6. Estimated and observed temperature at various depth of concrete slab during 

the first 72 hours after concrete placement (a) on E313, Herentals, September 12 to 15, 

2012; (b) on E17, Ghent, August 19 to 22, 2011. 

  



 
 (a) 

 
(b) 

Figure 7. The linear correlation between the hourly estimated and observed temperature 

at various depth of concrete slab during the first 72 hours after concrete placement (a) 

on E313, Herentals, September 12 to 15, 2012; (b) on E17, Ghent, August 19 to 22, 

2011. 
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(a) 8 am 

 

 

(b) 4 pm 

Figure 8. Effect of duration of plastic sheet cover for summer construction. (a) 8 am; (b) 4 pm.  
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(a) 8 am 

 

 

(b) 4 pm 

Figure 9. Effect of duration of plastic sheet cover for autumn construction. (a) 8 am; (b) 4 pm.  
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