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Abstract 

 
This paper deals with load-deflection behavior the jointed plain concrete pavement system using steel dowel bars as 

a mechanism to transmit load across the expansion joints. Experimentally, four models of the jointed plain concrete 

pavement system were made, each model consists of two slabs of plain concrete that connected together across 

expansion by two dowel bars and the concrete slab were supported by the subgrade soil. Two variables were dealt with, 

the first is diameter of dowel bar (12, 16 and 20 mm) and the second is type of the subgrade soil, two types of soil were 

used which classified according to the (AASHTO): Type I (A-6) and type II (A-7-6). Experimental results showed that 

increasing dowel bar diameter from 12 mm to 20 mm has a little effect on load-deflection behavior of the tested 

specimens with only 5% increase in failure load. This may be attributed to that the failure (caused by flexural crack) 

depends mainly on concrete strength. Results also showed that decreasing CBR value of subgrade soil from 7% to 5% 

decreases failure load by about 33%. 

 

Keywords: Steel dowel bars, jointed plain concrete pavement, load-deflection behavior, subgrade soil. 

 

 

1. Introduction 

 
A rigid pavement system consists of a number 

of concrete slabs. The concrete slabs are limited in 

width and length. The slabs rest on the subgrade 

only or subgrade and subbase but in some cases 

the slabs resting on subgrade, subbase and base 

layer. In the rigid pavement system, joints 

installed to supply space to accommodate 

horizontal movement of slab due to moisture and 

temperature change, and to control cracks. The 

pavement system requires a device of load 

transfer like tie bars or dowel bars. The load 

transfer device efficiently helps to reduce stresses 

of pavement and decrease deflection of loaded 

slab by transmit an applied load to the adjacent 

unloaded slab [1,2,3]. A jointed plain concrete 

pavement system exposed to the following 

loading cases:  self-weight of the slab, wheel 

loads of vehicle and loads due to thermal effects 

of environmental due to temperature and moisture 

changes which causes crack of the concrete slab, 

load transfer devices failure like dowel bars, and 

loss of slab support because of temperature create 

curling, opening and closing joints [4]. 

 

 

2. Research Significance 

 
In this paper, the load deflection behaviors of 

steel dowel bars using experimental methods for 

various diameter of dowel bars and subgrade soil 

strength and to achieve a better understanding of 

the load transfer mechanism. To validate the 



Zainab Ahmed Al-kaissi                  Al-Khwarizmi Engineering Journal, Vol. 14, No. 3, P.P. 68- 80 (2018) 

 

69 

 

experimental models, the results of the load-

deflection behavior of experimental models are 

compared with the results of the load-deflection of 

numerical models. 

 

 

3. Test Methodology 

 
To simulate the expansion joint in plain 

concrete pavement system, the wooden mold is 

made for concrete slab casted. Net dimensions of 

mold are (121 * 60 * 12.5 cm) the models 

thickness was chosen according to the ACI where 

less pavement thickness of parking lots equal 125 

mm according of ACI 330R, see Table (1).  A 

piece of cork is used to separate the two slabs of 

plain concrete pavement to represent the joint 

between them, the cork dimensions are (60 cm) 

length, (12.5 cm) height and (1 cm) width, which 

represents the joint width (because these joint 

width is typical for expansion joints in the 

Middle-Eastern countries like Iraq [15]). Thus, the 

mold is divided into two parts. The dimensions of 

each part (60*60*12.5 cm), see Figure (1). Two 

holes were made in the piece of cork at (15 cm) 

distance from each edge and the distance between 

holes is (30 cm) center to center, the dowels 

spacing which is recommended by (ACPA) [5] 

specification, the hole diameter varies depending 

on the diameter of steel dowel bar used in 

specimen. In this research, the round and smooth 

steel dowels were used and placed in mid depth of 

concrete slab. the length of dowels varies with the 

diameter of dowels where the length of 300 mm 

for 12 and 16 mm dowels diameter and 350 mm 

for 20 mm dowel diameter, see Table (1). Before 

casting concrete the steel dowel bars were placed 

in position through the holes. As recommended by 

the AASHTO, ASTM, ACI and ACPA 

specifications, the expansion joints must be fixed 

in one side and free in the other, and has a cap 

provides a horizontal distance equal to the width 

of joints to allow movement of the pavement 

resulting from the change in temperature and 

moisture. Steel dowel bars were greased on the 

free side so as not to restrict the horizontal 

movement of pavement. After preparation of the 

mold, the casting process begins, see Figure (2). 

To Simulate the subgrade soil in rigid 

pavement system, a subgrade soil container is 

made by the researcher. This container was made 

of (12 mm) thick steel plate with (130 * 70 * 20 

cm) internal dimensions. To represent the 

subgrade soil, the wet soil was dried in the air to 

remove the water and get the dry soil. Then the 

soil is cleaned, ground and sieved by a sieve 

(No.4). After that, the dry soil passing from sieve 

(No.4) with optimum moisture content were 

mixed by hand to get a homogeneous mixture. In 

the steel container, soil is placed in five layers, 

each layer with about (4 cm) thickness and each 

layer of soil is compacted by a steel rod, see 

Figure (3). 

The jointed concrete pavement slabs are rested 

on compacted soil in a steel container and the 

specimens then setting on the hydraulically 

universal testing machine. Using a steel plate of 

(60*8.5 cm) dimensions, the load was applied at 

(6 cm) distance from joint edge on the slab where 

dowel bar is fixed to concrete. The vertical 

deflections were measured using two dial gages of 

(0.01 mm) accuracy (one gage at each edge of the 

joint). Both dial gages are placed at top surfaces 

of the slabs, see Figure (4). Uplifts of the far ends 

of concrete slabs were observed and recorded 

during the test. Four specimens were tested on the 

subgrade soil and the load was applied 

incrementally until the failure of specimen. 

 
Table 1,  

Dowels for Concrete Parking Lots, City Streets and Highways [16] 

Total dowel length† 

mm 

Dowel embedment* 

mm 

Dowel diameter 

mm 

Slab thickness 

mm 
Pavement 

300 

350 

350 

350 

400 

125 

150 

150 

150 

180 

15 

20 

25 

25 

30 

125‡ 

150‡ 

175‡ 

200 

225 

Parking lots 

(ACI 330R) 

 

360 

360 

400 

400 

430 

125 

125 

150 

180 

200 

20 

22 

25 

28 

32  

150‡ 

165‡ 

180‡ 

190 

225 

City streets (PCA 1992)  

Jointed reinforced 

pavements with joint 

spacing greater than (6 m) 

450§ 

500§ 

190 

225 

30 

40 

<250 

≤300 

Highways 

(ACPaA 1991) 
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* On each side of joint, 6 times dowel diameter for load transfer. 

† Includes allowance for joint opening and minor errors in positioning — 2 times embedment length + 2 to 3 in. (50-75 mm). 

‡ Dowels may be impractical in thinner pavements. 

§ Computed from recommendations in ACPaA (1991), which also states: Most agencies specify 18-in.- (450-mm-) long dowels 

for typical highway pavement. 

Note: Dowel spacing 12 in. (300 mm). 
 

 

 
  

Fig. 1. The Cork Piece is used to Represent the 

Joint. 

 

 
 

Fig. 2. Casting Process of Specimen. 

 

 
 
Fig. 3. Preparation of compacted Soil Layers. 

 

 

 

 

 

 

 
 

 
 

Fig. 4. Test of the Specimen on Subgrade Soil. 

 

 

4. Materials 

4.1 Cement 
 

In this study, Iraqi Portland cement (type V) of 

Tasluja factory which is named commercially 

(AL-GESR cement) was used, Cement has been 

tested and the results were compliant with the 

Iraqi standards IQ.S 5/1984. 

 

4.2 Fine Aggregate 
 

The natural river sand from Al-Sudoor region 

is used in concrete mix so as to achieve the mid-

range gradient specification. The fine aggregate 

gradation of the used sand which conforms to 

Iraqi specification I.Q.S 45/1984 and AASHTO 

T27-99. 

 

4.3 Coarse Aggregate 
    

The crushed gravel from AL-Niba'ee region is 

used in concrete mix so as to achieve the mid-

range gradient specification. the grading of the 

used coarse aggregate conforms to AASHTO 

M43-09, No. 67.  

 

4.4 Steel Dowel Bars 
 

The used steel dowel bars were round and 

smooth. The steel dowel bars were supplied from 

local markets. In this study, three different 

diameters of steel dowel bar (12, 16 and 20 mm) 

were used as shown in Figure (5). Table (2) shows 

Properties of the used steel dowel bars. Steel 
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dowel bars tests were conducted at the 

National Center for Construction Laboratories and 

Research (NCCLR). 
 

 
Fig. 5. Steel Dowel Bars. 

 

 

 

 

 

 

 

 

Table 2,  

Properties of Dowel Bars 

 

 

4.5 Soil 
 

In this study, two types of soil were used as a 

subgrade foundation layer. First type of soil (Type 

I) was taken from Al-jaafer region of Baghdad  

city and the second type (Type II) of soil taken 

from Al-salameaat region of Baghdad city. Table 

(3) shows the soil properties for each type. 

 
Table 3, 

Properties for Both Types of Soil. 

 

 

5. Concrete Mixture Proportions 

 
 The normal strength concrete (NSC) was used 

in this study. Based on several trials mixes with 

each mix, control specimens three cubes with 

dimensions 150*150*150 mm and three prisms 

with dimensions 100*100*500 mm were cast to 

determine compressive strength and modulus of 

rupture, respectively. Table (4) shows mix 

proportions per cubic meter for normal type of 

concrete and Table (5) shows details of the 

specimens. 

 
Table 4, 

 Proportions of Mix Per Cubic Meter 

Normal strength 

concrete 
Material 

400 Cement (kg/m³) 

600 Sand (kg/m³) 

1200 Gravel (kg/m³) 

0.5 W/c 

 
Table 5, 

 Details of the Specimens 

Length of 

steel dowel 

bar (mm)* 

diameter of 

steel dowel 

bar (mm) 

Type of 

subgrade 

soil 

Specimen 

designation 

300 12 A-6 N-12-I 

300 16 A-6 N-16-I 

300 16 A-7-5 N-16-II 

350 20 A-6 N-20-I 
*The length of the steel dowel bars used as recommended by 

the ACI 330R 

 

 

6. General Behavior of the Tested 

Specimens 

 
 Generally, similar behavior was observed in all 

the tested specimens under loading. The load was 

applied from zero with (10 kN) increments. Up to 

approximately (20% to 25 %) of ultimate load, the 

concrete slabs show no downward deflection on 

both edges of the joint, after that the concrete 

Ultimate Load 

(kN) 

Elongation   
(%) 

Ultimate Strength 

 (MPa) 

Yield Strength 

(MPa) 
Diameter (mm) 

99.55 8.7 886 822 12 

153.84 11.5 756 709 16 

250.04 9.8 796 766 20 

Type II Type I specification Properties 

19.9 20.15 AASHTO T90 - 96 plastic limit (%) 

46.4 35.22 AASHTO T89 - 96 liquid limit (%) 

26.5 15.07 AASHTO T90 - 96 Plasticity Index 

16 13 AASHTO T99 - 95 optimum moisture content (%) 

1.85 1.8 AASHTO T99 - 95 Max. dry density (g/cm³) 

5 7 AASHTO T193 - 93 CBR value at optimum moisture content (%) 

A-7-6 A-6 ASTM D3282 - 09 Soil classification 
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slabs start to move upward on both sides of the 

applied load due to dowel bar bending, this uplift 

is clearly observed at slabs far ends. This is 

because that the far ends of the slabs were 

unrestrained and free to move upward. With 

increasing loads, dowels continue to exert bearing 

stresses on to the underneath concrete and 

consequently uplift continues until failure of the 

loaded slab which characterized by flexural crack 

approximately under or adjacent to the applied 

load, see Figure (6). 

 

 

 
 

Fig. 6. The Tested Specimens at Failure. 
 
 

7. Mechanical Load Transfer Between 

Dowel and Concrete 

 
 The load transfer mechanism between the 

dowel and the concrete is a complex phenomenon 

[6]. The dowel bar-concrete bearing stress can be 

calculated by the equation (1) depending on the 

assumption, that the embedded dowel bar behaves 

as beam on elastic foundation [7] . 

σb =ko  y                                                           …(1) 

Where: 

σb : Bearing stress (MPa) 

ko : Dowel support modulus (N/mm^2) 

y  : Deflection of dowel bar (mm) 

The pressure on the dowel bar which causes 

deflection in the concrete pavement of (1 mm) 

this is known as the modulus of the dowel support 

(ko). This means, the dowel bar modulus 

represents the properties of elastic in the dowel 

bar. The modulus of dowel support is affected by 

several factors which are diameter and shape of 

the dowel, yield strength of the dowel bars, 

concrete depth under the dowel, compressive 

strength of the concrete, elastic modulus of 

concrete and load ]8[. According to Yoder   

[6]and Huang ]9[ the modulus of dowel support ( 

ko) is assumed from 300000 to 1500000 pci (81.5 

to 409 GN/m³) because the value of dowel support 

modulus is difficult to find them. When contact 

between the steel dowel and the surrounding 

concrete is good, high value of dowel support 

modulus is assumed, but the contact between the 

steel dowel and the surrounding concrete 

deteriorates with repeated wheel loads, the 

concrete with time and repeated load may be 

crushed and created the voids around the dowels 

and lead to dowel looseness (DL).  

In this study, the load is applied at distance x from 

joint face and distance c from end of dowel, see 

Figure (7). 

 

 
 

Fig. 7. The Beam on Elastic Foundation 

 

 

So the deflection of the dowel bar can be 

calculated based on the theory of beam (dowel 

bar) on elastic foundation (concrete) [10] by 

equation below: 

y = 
��
��� ���	
��
 �� � 
�� ���+ 

����
����� �
��� ��
 �
� � �� � �����
 �
� �
��
�� �
� � �� !                                            …(2)                                                                                           

Where: 

y: Deflection of dowel bar (mm)  

β: Relative stiffness of the dowel bar (1/mm) 

E: Elastic modulus of dowel bar (N/ mm�) 

I: Moment of inertia of the dowel bar (mm#) 
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P: The transfer load (N) 

$%: Modulus of dowel support (N/mm�) 

x: Distance along dowel measured from the point 

of the applied load (mm) 

c: Distance from dowel end in the loaded slab to 

the point of load (mm) 

M:Bending moment on dowel (N.mm) 

V:Shearing force (N) 

The relative stiffness of the dowel bar can be 

calculated using equation (3)  [11]: 

β = & �
#��

'
                                                        … (3)                                                                                                           

According to Friberg [7] k can replaced by $%d 

and re-write as: 

β = &�� (
#��

'
                                                        …(4)                                                                                                       

Where:   

k: Modulus of foundation (MPa/mm) 

$%: Modulus of dowel support (N/mm�) 

d: Diameter of dowel bar (mm) 

The length of dowel bar is assumed semi-infinite 

according to Friberg [7] . But the length of dowel 

bar is finite, so the equation above can be used if 

the βL is more than  2 [12].  
The bending moment on dowel (M) and shearing 

force (V) can be calculated by equations (5) and 

(6), respectively [12]:  

M = � �
#�  ���)
��
 �� � 
�� ���                 …(5)                                                                      

V = � �
� ���)��
 ��                                       …(6)                                                                                            

Figure (8) shows the distribution of bearing stress 

(calculated using Equation (1)) along the dowel 

bar of the specimen N-16-I (all other specimens 

have similar distribution). As shown in Figure 8 

maximum bearing stress occurs under the applied 

load and decreases as the distance from the 

applied load increases until approximately the 

joint face where bearing stress, values become 

negligible.  

 

 
 

Fig. 8. Distribution of Bearing Stress along dowel 

bar for (N-16-I) Specimen 

8. Failure Mechanism of the Tested 

Specimens  

 
 In general, all the specimens behaved 

elastically and did not show defects or cracks at 

low levels of load but when the load exceeds 

(20% to 25%) of the ultimate load the slabs 

started to uplift. Then the loaded slab failed 

suddenly by a tension crack generated at tension 

(bottom) face of concrete slab and propagated fast 

to the compression face splitting the loaded slab 

into two parts. However this is no to typical 

failure of concrete pavements and it happens 

because the edges of the concrete slabs were 

unrestricted as mentioned earlier. 

The above described failure mechanism occurs 

when the induced tensile stress (*+) in the bottom 

face (under the load) exceeds the concrete 

ultimate tensile strength (*+,). To verify this 

assumption, the following approach is proposed:  

Failure tensile stress (*+) has two components, 

namely: flexural tensile stress (*+-) and splitting 

tensile stress (*+�), flexural tensile stress is a result 

of the moments caused by the uplift bearing 

stresses (�.�/0123) minus the moments caused by 

concrete slabs weight (�4�135+), see Figure (9).  

 

 
Fig. 9. The Flexural Tensile Stress. 

 

 

*+-can be calculated using flexural formula: 

*+- 6 78
�                                                         …(7)                                                                                                           

� 6 �.�/0123 � �4�135+                             …(8)                                                                                   

�.�/0123 6 9- ∗ ;<=- � 9� ∗ ;<=�            …(9)                                                           

9- 6 > ?.)
@ A	                                              …(10)                                                                                               

9� 6 > ?.BC�)
@ A	                                         …(11)                                           

;<=- 6 > ?.)
@ . �A	/ > ?.)

@ A	                    …(12)                                                                                 

;<=� 6 > ?.BC�)
@ . �A	/ > ?.BC�)

@ A	         …(13)                                                                                

Where: 

9-, 9�: Bearing uplift forces at two sides of the 

applied load. 

;<=-: Distance from 9- to P. 
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;<=�: Distance from 9� to P. 

All the above integrals are evaluated numerically 

using trapezoidal rule with strip width of 5 mm. 

Splitting tensile stress (*+�) is a lateral tensile 

stress acts along the slab depth as a result of the 

compressive stress under and at the section of the 

applied load, see Figure (10). 

 

Fig. 10. The Splitting Tensile Stress. 
 

*+�can be calculated by using Equation (14) [13]: 

*+� 6 ��
H(B                                                       …(14)                                                                                                       

Where: 

P: Applied load (N) 

d: Depth of the slab (mm) 

L: Width of the slab (mm) 

Table (6) lists the calculated failure tensile stress 

(*+) as direct summing of 
*+-) and 
*+�) for 

comparison purpose with the ultimate tensile 

strength 
*+,) which is
3 4⁄ *0�[14]. 

 

Table 6, 

The Results of the Mechanical Properties for the Experimental Models 

. Eq. (4.7)  

: Eq. (4.14)   

∴  *+ 6 *+- � *+�  

  ∷ *+, 6 N OP
#   

As shown in Table (6) specimens N-12-I and 

N-16-I failed when *+ appreximatly reaches *+, 

(94% and 99% of *+,, respectively). Specimen N-

20-I failed  at *+ higher than *+, (*+ *+,⁄ =1.25) 

because the maximum  size for dowel bar 

(diamater and length) increase the strength of 

specimen. Can be explained the induced crack at 

failure of specimen N-20-I which is start inclining 

under the applied load at the bottom and deviated 

toward the end of the dowel at the top and did not 

penetrate the slab depth vertically as observed in 

the other specimens, see Figure (6). Specimen N-

16-II failed at *+ lower than *+, (*+ *+,⁄ = 0.62) 

because that the weaker subgrade allows concrete  

slabs to move downward under load which may 

cause additional tensile stresses that are not 

considered in calculating *+, so it can be 

concluded that Eq. (7) underestimates the actual 

flexural tensile stress at failure in specimen N-16-

II. 

 
 

 

 

 

9. Effect of Dowel Bar Diameter 
 
 Although increasing dowel bar diameter 

reduces bearing stresses between bar and 

concrete, diameter has a very little effect on 

failure loads with only 5% increase when dowel 

bar diameter increases from 12mm to 16 mm or 

20 mm because the failure of the tested specimens 

was highly dependent on concrete strength as 

discussed in the previous section. However using 

20 mm diameter of dowel bar N-20-I made the 

slab to fail with inclined tension crack unlike 

12mm and 16mm diameters (N-12-I and N-16-I).  

In general, the load-deflection behavior of 

specimens with three different dowel diameter 

(12, 16 and 20 mm) are similar, as shown in 

Figure (11). This comparable behavior assures no 

significant effect of dowel bar diameter on the 

load-deflection behavior of specimens tested in 

this experimental study. 

 

 

 

 

specimens 
QRS 
MPa 

QT 

MPa 

UV 

kN 

QWX ∙ 
MPa 

QWZ ∶ 
MPa 

QW ∴ 

MPa 

QWV ∷ 

MPa 
QW QWV⁄  

N-12-I 27 3.91 190 1.13 1.61 2.74 2.93 0.94 

N-16-I 27 3.91 198 1.22 1.68 2.9 2.93 0.99 

N-20-I 27 3.91 197 2 1.68 3.68 2.93 1.25 

N-16-II 27 3.91 132 0.68 1.12 1.8 2.93 0.62 
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Fig. 11. Effect of Dowel Bar Diameter on Load-

Deflection (Loaded Slab). 

 

 

10. Effect of Subgrade Soil 

 
 The results show that using Type II (CBR=5%) 

gives lower failure load than Type I (CBR=7%) 

by 33%, this implies the importance of subgrade 

support resistance (strength) on concrete 

pavements performance. This result is also 

illustrated in Figure (12) where Type I specimen 

(N-16-I) shows stiffer load-deflection behavior 

than Type II specimen (N-16-II). 

 

 
 

Fig. 12. Effect of Subgrade Type on Load-deflection 

(Loaded Slab). 

 

 

11. Creation and Analysis of the Finite 

Element Models by the ABAQUS/CAE 
 

To represent the specimens, 3-D geometry 

model of two layers (concrete slab and subgrade 

soil) of rigid pavement was used. The dimensions 

of a numerical models similar to the laboratory 

models dimensions which are (1210*600*125 

mm) dimensions of concrete slab, (10 mm) width 

of joint and (200 mm) depth of subgrade soil. In a 

numerical models, striping load is applied at (6 

cm) distance from edge joint (similar loading 

technique that are used in experimental models), 

see Figure (13). The value of load of each model 

applied at ultimate load. 

 Table (7) shown properties of material. The 

elastic modulus of subgrade soil determined by 

CBR value for soil that measured from 

experimental test according to the equation below 

[17]: 

MR = 2555*(CBR)0.64                                  …(15) 

Where: 

MR: Resilient Modulus of Subgrade (PSI). 

CBR: California Bearing Ratio. 

The elastic modulus of steel dowel bar was 

assumed and the elastic modulus of concrete 

measured from experimental test. The Poisson’s 

ratio values for all materials are assumed 

according to Huang [9]. Three contact created 

between model parts, the first contact between 

Subgrade soil and concrete slab where the friction 

coefficient very small value was assumed, the 

second contact between each dowel bars and 

surrounding concrete in fixed side of slab and 

third contact also between each dowel bars and 

concrete surrounding but in free side of slab 

where the coefficient of friction (0.35 and 0.05 

respectively) were assumed according to Al-

Humeidawi [15], see Figure (14). As already 

reminded in experimental work, the subgrade soil 

was put in the steel container on five layers 

compacted for a depth of steel container is (200 

mm). Therefore, the soil has become a solid 

block. The boundary condition of the subgrade 

soil is fixed. The concrete slab remained without 

the boundary condition (similar to the 

experimental models), see Figure (15). 

 

 
 

Fig. 13. 3-D General Geometry of the Concrete 

Pavement in ABAQUS. 
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Table 7, 

The Material Properties used in ABAQUS Models. 

 

 
 

Fig. 14. The Contacts used in the Models. 

 

 
Fig. 15. The Boundary Condition of ABUQUS 

Models. 
 

12. ABAQUS Program Results 

 
 From the Figure (16), the load-deflection 

results behavior of loaded side (dl) and unloaded 

side (du) for experimental models and numerical 

models were have same behavior approximately. 

Table (8) show the ultimate deflection for loaded 

side (dl) and unloaded side (du) where the 

difference between the numerical and 

experimental range from (4.65% to 18.5%).  

Table (9) show the statistical analysis by T-test 

where the results have no significant difference 

between the experimental results and the 

numerical results for ultimate deflection at loaded 

side and unloaded side.  

 

 

 

 

 

 

 

 

Table 8, 

The comparison Between the Results of the Ultimate Deflection of Experimental and Numerical Models of 

Loaded Side (dl) and Unloaded Side (du) 

Specimens 

Deflection of 

ABAQUS Models 

(mm) 

Deflection of Experimental Models 

(mm) 
\]QQ.  ^_ ∗ 

(%) 

\]QQ.  ^V ∗∗ 

(%) da db da db 

N-12-I 0.63 0.17 0.68 0.19 7.35 10.52 

N-16-I 0.64 0.18 0.7 0.22 8.57 18.18 

N-16-II 0.41 0.12 0.43 0.14 4.65 14.29 

N-20-I 0.69 0.22 0.74 0.27 6.76 18.5 

* Diff.  fg 6 fgh�fgi
fgi

 

**Diff.  fj 6 fjh �fji
fji

 

Where: 

Diff.  fg: Difference of deflection between ABAQUS and experimental Models for loaded side. 

Diff.  fj: Difference of deflection between ABAQUS and experimental Models for unloaded side. 

dah  : Deflection of loaded side for ABAQUS models. 

dai : Deflection of loaded side for experimental models. 

dbh: Deflection of unloaded side for ABAQUS models. 

dbi: Deflection of unloaded side for experimental models. 

 

Properties of Material Poisson’s Ratio (µµµµ) Elastic Modulus (E)   kPa Materials 

Isotropic and Linear Elastic 0.45 
61000 Type I (A-6) 

Subgrade Soil 
50000 Type II (A-7-6) 

Isotropic and Linear Elastic 0.15 24422000 Concrete 

Isotropic and Linear Elastic 0.3 200000000 Dowel bar 
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Table 9, 

The Statistical Analysis by T-test Results of the 

Ultimate Deflection of Experimental Models and 

Numerical Models 

Side T-test T at k 6 0.05 Result 

loaded 0.4737 1.9432 insignificant 

unloaded 0.9511 1.9432 insignificant 
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Fig. 16. The Behavior of Load-Deflection at Loaded 

and unloaded Sides for ABAQUS and Experimental 

Mode. 

 

 

13. Conclusions 

 
1. The behavior of load-deflection is similar for 

specimens tested with different size of dowel 

bars diameter (12, 16 and 20 mm) with little 

effect of diameter of dowel bar on the tested 

specimens behavior slightly stiffer behavior is 

observed as the dowel diameter increases from 

12 mm to 20 mm with only 5% increase in 

failure load. 

2. The CBR value of subgrade soil that supported 

the concrete slab in jointed plain concrete 

pavement effect the failure load and load-

deflection behavior where the soil Type II 

(CBR=5%) have failure load less than soil 

Type I by about 33%. 

3. Failure of the tested specimens was 

characterized by a flexural crack 

approximately under or adjacent to the applied 

load in the loaded concrete slab.  

4. The numerical analysis by ABAQUS program 

shows numerical models were have same 

behavior of experimental models 

approximately and the statistical analysis by T-

test shows the results have no significant 

difference between the experimental results 

and the numerical results for ultimate 

deflection at loaded side and unloaded side. 
 

 

Notation 

 
AASHTO American Association of State             

Highway and Transportation    

Officials 

ASTM American Concrete Institute 

ACPA American Society for Testing and  

Materials 

I.Q.S Iraqi Standards Specifications 

3-D FEM Three Dimensional Finite 

Element Method 

CBR California Bearing Ratio 

W/C Water/Cement Ratio 

JPCP Jointed Plain Concrete Pavement 

JRCP Jointed Reinforced Concrete 

Pavement 

CRCP Continuously Reinforced 

Concrete Pavement 
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 الخلاصة
 

الهطول في مفاصل التمدد للتبليط الخرساني غير المسلح باستخدام قضبان الحديد كآلية لنقل الحمل عب6ر مفاص6ل التم6دد.  -تتناول هذه الدراسة سلوك الحمل
مل6م) وع6رض  ٦٠٠بلاطت6ين م6ن الخرس6انة المحلي6ة ك6ل بلاط6ة بط6ول (تم أنشاء اربع موديلات لنظام التبليط الخرس6اني المحل6ي ك6ل مودي6ل يتك6ون م6ن  عملياَ،

) ويس6تند Dowel Barsطة اثن6ين م6ن قض6بان الحدي6د الامل6س (امل6م ) بوس6 ١٠ملم) ويتم ربط البلاطتين عبر مفصل تمدد عرض6ه ( ١٢٥ملم) وسمك ( ٦٠٠(
 Dowelرياَ ت6م تن6اول متغي6رين ، المتغي6ر الاول قط6ر قض6بان الحدي6د الامل6س (الموديل الخرساني على مكون بذلك موديل لنظام التبليط الجاسئ المحلي، مختب

Bars ) ولثلاث قياسات (حسب تصنيف (بملم) والمتغير الثاني نوع التربة وهما نوعان ١٢، ١٦، ٢٠AASHTO) النوع الاول :(A-6) والن6وع الث6اني (A-

الهطول حيث ل6وحظ -ملم له تأثير قليل على سلوك الحمل ٢٠ملم الى  ١٢) من Dowel barملس (وأظهرت النتائج التجريبية أن زيادة القطر الحديد الا ).7-5
) يعتمد بش6كل رئ6يس عل6ى ق6وة مقاوم6ة flexural crack٪ فقط في حمل الفشل. ويمكن أن يعزى هذا إلى أن الفشل ناجم عن (٥من نتائج تحليل العينات زيادة 

  ٪.٣٣حمل الفشل بنحو  نقصان٪ يؤدي الى ٥٪ إلى ٧للتربة التحتية من  CBRقيمة  ننقصاالخرسانة. وأظهرت النتائج أيضا أن 

  
  

  

  

  

  

  

  
 


