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1 - Thermal Crack
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Fig. 1. Tensile stress in slab due to frictional stress [2]
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Type of Material

beneath slab Friction factor (F)

Surface treatment 2.2
Lime stabilization 1.8
Asphalt stabilization 1.8
Cement stabilization 1.8
River gravel 1.5
Crushed stone 1.5
Sandstone 1.2
Natural subgrade 0.9

Table 1. Friction factor between slab and the beneath slab [3]
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Fig. 2. Model of slab without dowel bar

S dtsl s Ko b o s Jue ¥ K&

Symmetry

Symmetry ] oca{i o

location | 25m I

Dowel bar position /

I Half of slab IIIO_ZS m Half of slab

2.5m
3.65m

/

4.65m

| Subbase 0.3 m I

| |

(Joint width + Slab length) 5.008 m :
Fig. 3. Model of slab with dowel bar
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Materials properties

Mass of . Thermal
unit i Elastic coefficie
Layer volume Pmi_son modulus o
ratio
(Kg/m®) (KPa) (/°C)
Slab 2400 0.18 28x10° 10x10°
Subbase 1900 0.35 2x10° -

Table 2. Material properties of concrete pavement without
dowel bar
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. 5. Maximum longitudinal frictional stress versus friction

factor for temperature loss of 12°C
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Fig. 6. Maximum lateral frictional stress versus friction factor
for temperature loss of 12°C
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Mass of

unit . Elastic  Thermal
POISSON  modulus  goefficient
VOIUme rat|0 (KPa) o
Kg/m®) (17°c)
7800 0.3 200x10°  10x10°

Table 3. Dowel bar properties
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Model without dowel bar
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//:/"“"“\\\ Model with dowel bar -

/ \ and ideal situation

= 10000 / \

e / '\

/ \

6000 y / \\

0 02040608 1 12141618 2 22242628 3 32343638 4
Distance from lateral edge (m)
Fig. 9. Comparison of the stresses in selected elements without
dowel bar misalignment
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Fig. 10. Stress distribution in selected elements for concrete
pavement containing dowel bar misalignment
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Fig. 7. Maximum tensile stress versus friction factor for
temperature loss of 12°C
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The stress in this element is 25130 Pa [ }_. "
-
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(Avg: 75%)
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Dowel bar 3 Dowel bar 7 Dowel bar 9 Dowel bar 11

Fig. 13. Stress distribution for the friction factor of 2 and the
temperature loss of 33°C
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The stress in this element is 234700 Pa J Y I_. #
® ?

S, Mises
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Fig. 14. Stress distribution for the friction factor of 3 and the
temperature loss of 33°C
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Fig. 11. Stress distribution for the friction factor of 2 and the
temperature loss of 5°C
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Fig. 12. Stress distribution for the friction factor of 3 and the
temperature loss of 5°C
23y ds iy LAl Cse 2i gles a8
il Sl 1 Gl ghls (glas S i o slie ams
l_mjil,f o=l SBlLbl sy R 5558 e oldl Llie s



wav Jle /) e)w/ﬁWAJJJ

oot Ol e wdige Sash — ele de

L il I Sl Ol ol s w oL Dl 5 S 0l .8 55
Gols S Sl S sl Sl 51 Gl opl il e Jls
SalS s 4 s oS el S e sl Jls sl s
303,58 Mg pon LalS 4 filed 553 00 (Sl Sl Les
ol ls 8 S o elal 5 Y (55 O g S
5335 50 Sa ol HLS 3 5, S Ol il a0 0l
JIs Ll Julie o3 o pll s a5 dls S i Jad
i 68 53 o ge 5L slales malS ys 5 AS e e slia
o=l o3 st dIs S ek o & el 2V L s
SV SEhol 2 ey 2 S G s S
JIs 53 el slol 25 api 3,8 Sl a3 VY las il
Yl e ol L dlas 5 e 5,813 03 gdowe > S
S St Sl sadome 3 o |y g Jls 45 el ISl K
03 ot do B neal ip sb 50 (pl LS o il Sl VE
bl sl sl e 8] T (bl Clasiis
oo 3l el YE B8 Sl Aol 5 o siley, o
e ] [P | FI SIVP SN WL SRR | A PR
sdas OLES &Sty oo JKUL YYEV e o 0 jlide (-
Sl SV el VY Sl ST Jlej eagdoms 53 S5 55 0 e

! J.I.: J\b )‘ 63 gl>ee g)._:_‘ BE] Lf:” 6)[.«1‘5)

S 5 dmii -Y

Jie 53 35de Ol 2y 5l S0 b 2 cpl 0
b JUast s, e i 5 b Sl s esler g g3kus Sl
Ay L C3l  SKhsl gyl Ol i S Cou
a3 3l Ol o o bl w5 s bl
et sk Gl § S e Ol
)JJ‘K}‘}WJJE})LA)QJ‘)S@‘%R.
sl Jlagys o slagsbug, oo fKi-‘ﬁ 555 slas 5 sl
5,8 03l Iy s el slawl L2ES A5 i @
) el a3 L Ly JUast s S sl 5 b Jas!
aS 5l 85 553 S im I 8l5T (sl ) (Gl

s dls ey 3 3t Hllde Aty a4 563 S T 5 e

22/

O JSs a5 L) S e s ) JISKLl 1Y E e
Jlazsl as s D25 (10) JS5 s | Sl oyl e li
ALY Sl esgdowe j3 ol |l o3t s s 53 S5 55
Som dlea=l ogls sy ol sl adsl csl
)'lma}j@&;dlgélﬂ@uja.sjwdljlc)l}dj:
o5 el oS sl 0j gy TA L2128 Cglie 4 1 Odew
shoul o e 8] il (gsleal, Slasiin s T
YE U E Slesy ol jo i g5lws, o olil slaj)s
e i Ly cpl 53 Ol e 1y o i Sl e el

5o dlel Ll s 5 b Jlasl s S glls w Jls s
3 8e 1S s s Sl 4 npd e ol aed Olas
Ol s s Ll Sl 51 Gl sl (glls L Jlas
sy pdee 0 L Jsl s Sl (g g 51 Canslio 050)
das e IS8 s (o O L0 sl 5 e Sl
ol Y 5 pn dls e s s Sl O )l s
sl gl (i lis .ol i JIs 0diS LA Sae ol
o=l oL dUasl 5, e Gl bl s o5 4 an dls s el
A3 o QLS ) 50 0

e Sl (00) i 512 511 s slasle
[17] ol s llas S 5

(711 2 adsl Sleles 5o o oS Cuslin N0 S

2.0
18 +
1.6 +
14 +
12 1
1.0 +
0.8 +
0.6 +
0.4 +
02 +
0.0

eS
s L1
ml2

Tensile strength (f,), MPa

0 4 8 12 16 20 24 28
Age, hours

Fig. 15. Tensile strength of concrete at initial hours of
construction

31l ghls of LU Jlisl 5, s 8 x JIs s
‘)k_: d&:u‘ LSLQJJKL?A (5):5)‘} OJ_}V\}M DL ‘A;a.w‘ Lfbl Al;.“?-
s 53 eadslonl oy Jlade o s awy 53 iomen

Wl ol ol e das o OLES 1y g 58 LB L2158



L;:Lai) AJMJOL.{)W do|

Second Edition, University Of Kentucky.

[3] American Association of State Highway and
Transportation Officials, 1993. AASHTO Guide for
Design of Pavement Structures, 1993 (Vol. 1).
AASHTO.

[4] Wesevich, J.W., McCullough, B.F. and Burns, N.H.,
1987. Stabilized subbase friction study for concrete
pavements.

[5] Nguyen, D. and Dao, V., 2015. Tensile properties of
early-age concrete. In Proceedings of the 27th Biennial
National Conference of the Concrete Institute of
Australia in conjunction with the 69th RILEM Week,
Melbourne, Australia (pp. 1314-1324).

[6] Shoukry, S.N. and William, G.W., 2001. Analysis of
thermal stresses induced in Doweled Transverse Joints.
In Advancing Airfield Pavements (pp. 375-384).

[7] Won, M.C., Kim, S.M., Merritt, D. and McCullough,
B.F., 2002. Horizontal cracking and pavement distress
in Portland cement concrete pavement. In Designing,
Constructing, Maintaining, and Financing Today's
Airport Projects (pp. 1-10).

[8] Mahboub, K.C., Liu, Y. and Allen, D.L., 2004.
Evaluation of temperature responses in concrete
pavement. Journal of Transportation Engineering,
130(3), pp.395-401.

[9] zhang, Y. and Liu, H., 2012. Finite Element
Analysis of Thermal Stress for Continuous Reinforced
Concrete Pavement (CRCP). Journal of Highway and
Transportation Research and Development (English
Edition), 6(2), pp.11-17.

[10] Kim, S., Ceylan, H. and Gopalakrishnan, K., 2014.
Finite element modeling of environmental effects on
rigid pavement deformation. Frontiers of Structural and
Civil Engineering, 8(2), pp.101-114.

[11] Mackiewicz, P., 2014. Thermal stress analysis of
jointed plane in concrete pavements. Applied Thermal
Engineering, 73(1), pp.1169-1176.

[12] Zokaei-Ashtiani, A., Tirado, C., Carrasco, C. and
Nazarian, S., 2016. Impact of different approaches to
modelling rigid pavement base layers on slab curling
stresses.  International  Journal of  Pavement
Engineering, 17(10), pp.861-869.

[13] Seo, Y. and Kim, S.M., 2013. Longitudinal
cracking at transverse joints caused by dowel bars in
jointed concrete Pavements. KSCE Journal of Civil
Engineering, 17(2), p.395.

[14] Lee, S.W., 2001. Behavior of concrete slab under
frictional drag. KSCE Journal of Civil Engineering,
5(2), pp.141-145.

[15] Khalkhali, A., 2007. Finite element analysis using
ABAQUS. Dibagaran, Tehran. (In Persian)

[16] Khazanovich, L., Hoegh, K. and Snyder, M.B.,
2009. Guidelines for dowel alignment in concrete
pavements. Washington, DC, USA: Transportation
Research Board.

[17] Roziere, E., Cortas, R. and Loukili, A., 2015.
Tensile behaviour of early age concrete: New methods
of investigation. Cement and Concrete Composites, 55,
pp.153-161.

[18] Saxena, P., Hoegh, K., Khazanovich, L. and Gotlif,

2728

Jlsis aJL»LSLI{é)'LN)))> _;)lfuﬁﬂ6>49&}>d

ey g0
s Pl e 5l Jgb bl js SKasl i jlaie @
Jome 53 355 ST e & 5 03,5 uid ot JIs ey 5o
et 5P 08

i b LB SWhol Cypl ol s w5k sles il e
D e 65y el sl Cela ALY s 1l g
L sl ol 85 el bl JISLl V6 v sles il
55 ol ol sl Slela s oy L2ES sl I i
s 02 S S edd S Ll b co 4yl Slel
Sy el fexse

(Sl s o i) Vgl SKsl 5@
Jizl 5, Koo 5 odd [l o 4 2 Siless S o0
4 3 o3 Sl 0) ol Jled) Ll 5 (6l L
S i sl e 0553 53 LS (Sl 0dd (8 e,
O O Sy 5358 G IS 53 S bl o e 2l
S S 2l a0y YA ES Coaglie 4 3l
Lobe Jalpe plo JLS 5 5 5l (gl el 5 sl
R 5 O SASSEE Sl B LT S sl
2l s by G S 2 s ) U gla S
SIS e o s sy

sl o b Uit s She Gl S des 231l 55 @
Sl oo Ll s Sl 2 e o g3l 50 S5
5,8k 53 bl cl 1 Ol l sy 45 (g sbas .l
53 RS e 6l 00 S e Rl o e L LK)
2y e b Jll ez Kl (6,851 3 03 5doms

(sl I 31l G L Jlanl 5 e b s dls jo @
K 3 (Shsl s o i) glaY bl i Ol s
s s 5o eddisloml Gla s 2l (2l los
Sadus 3 Les Sl Wl s S Jls ps cud IS

el SIS 3L Jlasl glas Sl

References é.?l)o -A

[1] Delatte, N.J., 2008. Concrete pavement design,
construction, and performance. Taylor & Francis
Group.

[2] Huang, Y.H., 2004. Pavement Analysis And Design,



NVQVJLN/\QJM/V.AWDJJJ w)#d‘;«&wwwﬁjﬁ—J&M
joint lockup. Transportation Research Record: Journal

A., 2012. Laboratory and analytical modelling of
of the Transportation Research Board, (2095), pp.34-42. misaligned dowel. International Journal of Pavement

Engineering, 13(3), pp.209-215.

[19] Saxena, P., Hoegh, K., Khazanovich, L. and Gotlif,
A., 2009. Laboratory and finite element evaluation of

229



Modares Civil Engineering Journal (M.C.E.J) Vol.18, No.1, April 2018

Numerical Analysis of Thermal Stress in Jointed plain concrete pavements

A. Mansourian'”, M. Rezaei?

1- Assistant Professor, Research Center of Road, Building & Urban Development, Tehran, Iran
2- M.Sc., Highway Engineering, Faculty of Engineering, Islamic Azad University-South Tehran Branch, Tehran, Iran

*a.mansourian@bhrc.ac.ir

Abstract:

Temperature change is one of the major factors that causes cracks in concrete pavements. Temperature
change causes expansion or contraction and thus creates a movement in the concrete slab. Friction between
the concrete slab and the sub-base layer resists this movement, and induces thermal stress in the concrete. In
this research study, the thermal stress created in concrete pavement due to drop in temperature and other
intensifying factors (such as friction changes in layers interface), are investigated using numerical analysis
method. In current research, two finite element models are used to analyze the friction and temperature drop
stresses. The first concrete slab model does not have a dowel bar and the second includes the dowel bar with
or without misalignment. Finite element models using ABAQUS software are created for concrete pavement
with or without dowel bars, and with various friction factors between the concrete slab and the sub-base
layer. The effects of friction factor between the concrete slab and the sub-base layer and temperature changes
on frictional and tensile stresses in the concrete slab are analyzed for various cases. The results obtained in
this research study indicate that the high temperature drop (about 30 °C) during the 7 to 8 initial hours of
construction of concrete pavement and a high friction factor in the layers interface are the main causes of
cracks in concrete pavements. The combined effects of these factors, high temperature drop and high friction
factor in the layers interface, worsen the conditions. The low tensile strength of concrete during the initial
days of the concrete formation is the main reason for increasing chance of occurring cracks during this
period. In second part of the research, the thermal stress created in the concrete pavement with dowel bars
deviating from the horizontal (a vertical tilt in the bars) is analyzed too. The research results show that the
amount and the distribution of frictional and tensile stresses in the concrete slab when the dowel bars have no
misalignment and are well lubricated, have conditions similar to the concrete pavements without dowel bars.
Meanwhile numerical analysis results show that misalignment of the dowel bars and temperature drop,
increase the tensile stress around the dowel bars and increase the threat of concrete disintegration.
Ultimately, the results of numerical analysis are compared with the tensile strength of concrete during the
initial hours of concrete construction. Results show that a 33°C drop in temperature and a friction factor
about 3, create a tensile stress of 124000 Pascal in the concrete slab, which can cause cracks in the concrete
pavement during the initial 7-8 hours of concrete pavement construction. Furthermore, a vertical tilt in the
dowel bars causes a considerable increase in tension stress around the dowel bars. In order to prevent cracks
during the initial days and hours of forming concrete pavements, the friction factor in the layers interface
should be reduced using bond breaker, such as polyethylene sheets, concrete pavement should not be made
in conditions with severe temperature drop, and dowel bars should be implemented with no or allowable
misalignment.

Keywords: Concrete pavement, Crack, Friction, Dowel bar, Finite element.
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