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 Pavement in Cold Regions

Surface Layer

Base Layer

Subgrade Layer

Insulation Layer

https://www.semanticscholar.org/paper/Frost-heave-and-thaw-weakening-of-
pavement-Zhang/3490d2b88862f9c3b5ccfa9ec692a5282521ac32
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 Extruded Polystyrene (XPS) boards is the most commonly
used material for insulated pavement

DoD, U. S. (2016). Unified facilities criteria: pavement design for roads and 
parking areas. UFC 3-250-01. United States Department of Defense
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 However, XPS boards
suffer from several major
drawbacks:

1. Degradation of the long-term
field insulation ability with
moisture accumulation

2. The requirement for a time-
consuming, labor intensive,
and detailed approach for
installation and sealing
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 Investigation of alternative materials for the 
insulation layer

1. Tire Chips (Lee[1], Kardos[2], Shao[3], Dore[4])

2. Bottom Ash (Haghi[5]-[7])

3. Foamed Glass Aggregates (Huang[8], Emersleben[9], Arulrajah[10])
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Foamed Concrete
 Features:

1. Self-compacting

2. Lightweight

3. Thermal insulation

4. Low strength

5. Fireproof

 Current application:

• Cavity filling

• Fire insulation

• Trench reinstatement

• Soil stabilization https://www.foamedconcrete.co.uk/uncategorized
/new-applications-for-foamed-concrete-no-2/
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 Problem 1:

The potential of using foamed concrete 
as an insulation layer was not well 
investigated.

 Problem 2:

The methodology of selecting optimum
parameters that balance the
mechanical strength and insulating
effect was not established.
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Establish the relationship between foamed concrete density and 
thermal/mechanical properties through laboratory testing.

Develop a thermal-mechanical (TM) coupled finite element (FE) 
model to predict the thermal and mechanical performance of 
insulated pavements.

Conduct large-scale testing of foamed concrete insulated pavement 
structure to calibrate and validate the FE model.

Perform a parametric study to investigate the influence of different 
factors of a foamed concrete layer on the thermal and mechanical 
performance of pavement structures.
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 Cylinder sample size: 3 in. 
(diameter) by 6 in. (height)

 4 density groups: 30 lb/ft3, 
40 lb/ft3, 50 lb/ft3, 60 lb/ft3

 7 samples per group (28 
samples in total)

 4 samples were used for 
the compressive strength 
test, 3 samples were used 
for thermal conductivity 
test 

compressive strength test thermal conductivity test
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 Hot Mix Asphalt (HMA)–Surface Layer: 

 NMAS: 9.5 mm; 

 Design: NJDOT specifications; 

 Binder Content and Type: 5.8% & PG 64-22.

 Recycled Concrete Aggregates 
(RCA)–Base Layer: 

 Coarse Proportion: 56%, 

 Sand Proportion: 35%, 

 Fine Proportion: 9%, 

 Proctor OMC: 12.1%.

 Clayey Sand–Subgrade Layer: 

 Fine Proportion: 35.2%,

 Frost Susceptible;

 Proctor OMC: 12.4%.
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Foamed Concrete Recycled Concrete Aggregates
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Frost Panel Chiller
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 This result was used to 
calibrate the parameters 
of FE model 
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 2D symmetric

 Thermal-mechanical 
coupled model

 Same size with the large-
scale pavement sample



BUILDING STRONG®
30

�� ��

��

��
+ ∇ � −���∇� = �

�� �� = �
����        Surface and insulation layer

������ + ������ Base and subgrade layer

��� = �
��        Surface and insulation layer

���� + ���� Base and subgrade layer

�� = ���� + ������

�� =
1

��
������ + ��������� + �

���

��

�� =
1

2

������ − ����

���� + ������

�� = ���� + ������

�� + ��� = 1

Thermal Field

Mechanical Field

Surface: Visco-elastic model
Others: Linear elastic model

� = ��(1 + ��)

Hydraulic Field

Richard’s equation

��

��
=

�

��
� �

��

��



BUILDING STRONG®
31

 Based on the Mechanistic-empirical Pavement Design Guide 
(MEPDG):
o For pavement rutting:
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 Group 1: Investigate the influence of the insulation thickness on 
the pavement performance

 Group 2: Investigate the influence of the insulation depth on the 
pavement performance

Group Surface 
(cm)

Base (cm) Insulation 
(cm)

Subgrade (cm)

1 10 12 0,2.5,5,7.5,10 100
2 10 12,15,18,21 0,5 100
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 Foamed concrete with higher density has a higher compressive 
strength, thermal conductivity, and a lower porosity.

 Compared with the performance of uninsulated pavements, the foamed 
concrete insulated pavement has better performance in resisting frost 
effect and traffic loading.

 To ensure the subgrade layer unfrozen, there is a minimum insulation 
thickness for a foamed concrete layer. In this study, for a foamed 
concrete layer with a density larger than 480 kg/m3, the minimum 
thickness was 5 cm.

 Increasing the depth of the insulation layer will achieve a better 
mechanical performance, while also increasing the frozen depth. Using 
a foamed concrete with a higher density results in a better mechanical 
performance.
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Contact: zhuc@rowan.edu


