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1.  INTRODUCTION  

1.1  Background 

Joints are used in concrete slabs in order to mitigate cracking effects caused by concrete 

shrinkage, temperature changes, and moisture infiltration.  Dowels are installed in order to allow 

shear load transfer across slab joints.  The most common dowel shape currently in use has a 

circular cross-section.  This study involves dowels of various shapes, including 

 Diamond Plate 

 Square Plate 

 Rectangular Plate 

 Round Bar 

 

Iowa State University (ISU) is currently involved in research regarding the effects of alternate 

dowel shapes and materials on bearing stresses produced by dowel loads.  As a part of past and 

ongoing research (1-9), ISU agreed to test multiple dowel shapes.  Two series of various 

Greenstreak-supplied dowels were tested.  One group consisted of the dowels only.  The other 

series was of the same dowel shapes paired with plastic sleeves.  Each test series investigated the 

performance of four different dowel shapes. 

1.2  Objective 

The objective of this study was to determine the strength, behavioral characteristics, and analyses 

of the various dowels supplied by The Greenstreak Group.  The analyses focused primarily on 

determination of the constant k0 for the dowels.  The term k0 is known as the Modulus of Dowel 

Support and is used to determine the bearing stress on concrete by a dowel.   The constant 

denotes the bearing stress produced by a unit deflection of the dowel within the concrete. 

1.3  Scope 

The scope of this project was to analyze four different dowel shapes for the Greenstreak Group.  

The shapes are shown below in Table 1.1. 
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Two different test methods were used to analyze the Modulus of Dowel Support for the dowels.  

The first test method was the modified AASHTO T253 (3,10) procedure that has been 

implemented in other dowel studies at ISU.  The other test method was a smaller-scale version of 

the AASHTO test devised by investigators at the Greenstreak Group.  The modified ISU 

AASHTO test is shown as a 12-inch block thickness.  The Greenstreak version of this ISU-

modified test required a 6-inch-thick test block.  The 6-inch thickness was used because the 

dowels being studied are more commonly found in 6-inch thick slabs than 12-inch thick slabs. 

Table 1.1.  Dowel bar shapes and quantities 

Dowel Type Dimensions, in.Cross Section, in.Thickness, in. Quantity

Square Plate 4½ x 4½ x ¼ 4½ x ¼ 6 3

Diamond Plate 4½ x 4½ x ¼ 6.36 x ¼ 6 3

Rectangular Plate 12 x 2 x Ȩ2 x Ȩ 6 3

Round Bar 14 x ¾ ¾ diameter 6 3

Round Bar 14 x ¾ ¾ diameter 12 3

Square Plate w/sleeve 4½ x 4½ x ¼ 4½ x ¼ 6 3

Diamond Plate w/sleeve 4½ x 4½ x ¼ 6.36 x ¼ 6 3

Rectangle Plate w/sleeve 12 x 2 x Ȩ2 x Ȩ 6 3

Round Bar w/sleeve 14 x ¾ ¾ diameter 6 3

Round Bar w/sleeve 14 x ¾ ¾ diameter 12 3

Dowel Concrete Specimen
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2.  TESTING / CONSTRUCTION  

2.1  Modified AASHTO Testing Procedure 

Tests were performed at ISU in the structures laboratory located in Town Engineering Building.  

The test specimens were constructed using concrete and various dowel shapes.  Each specimen 

consisted of three concrete blocks connected with two dowel bars (See Figure 2.1).  

 

Figure 2.1.  Modified AASHTO T253 test diagram  

The specimens were placed into a reaction frame shown in Figure2.2. 

 

 

 

 

 

 

 

 

 

 

Figure 2.2.  Load test frame (utilizing 12-inch blocks) 



 

4 

The vertical structural tubes supporting the top cross beam were secured to the reaction floor 

using Dywidag rods tensioned to a stress of 3,000 psi per bar to ensure smooth load transfer from 

the hydraulic actuator to the concrete test specimen.  Downward load was transferred from the 

hydraulic jack to the concrete by using a stiffened steel beam section.  Two 1.25-inch diameter 

solid steel bars were placed 3 inches from each end of the center block in order to transfer the 

downward load from the beam to the concrete.  Thin sheets of neoprene were placed beneath the 

loaded rollers to allow for an even, transverse load application along each dowel joint. 

 

The end blocks of each specimen were clamped down to the lower steel support plates using high 

strength Dywidag steel rods.  The goal of each end support was to create a fixed-end condition on 

each side of the specimen.  The bars were tightened to prevent end-block rotation.  The clamping 

mechanisms were tightened by hand with wrenches.  A hydraulic jack was not used to tension the 

clamping rods because outside stresses acting on the dowels would affect the deflection behavior 

of the bar under a load.  The goal of the fixed-end condition was to promote shear behavior in the 

sample dowel bars.  Another reason for the fixed-end condition was to minimize the effect of 

bending forces on the dowel. 

 

The specimens were instrumented with direct current deflection transducers (DCDTôs).  There 

were a total of eight DCDTôs used.  Four were used to measure relative deflections on the right 

and left ends of the specimen.  Two were placed at the far ends of the end blocks to monitor the 

rotation in the restrained ends.  Two more were placed on the baseplates that support the 

specimen in order to monitor vertical movement of the entire testing surface. 

2.2  Greenstreak Testing Procedure 

Investigators from The Greenstreak Group conducted their own tests on the dowels similar to the 

tests at ISU with a few modifications.  The specimens built for the Greenstreak tests were 

significantly smaller than those used at ISU.  The blocks were 6 inches deep as opposed to 12 

inches.  The two end blocks were 8 inches long instead of 12, and the middle block was 16 

inches long instead of 21 inches.   
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The test procedure was also modified to replace the two linear loads with a single load acting at 

the center of the middle block (See Figure 2.3).  Figure 2.4 shows a Geenstreak specimen in the 

load test frame. 

Clamping Forces

End Support End Support

Dowel Bars

Clamping Forces

P

8 16 8

8 2 1

All dimensions are in inches.

21

6

#4 Rebar

 

Figure 2.3.  Greenstreak-Modified Dowel Test 

 

Figure 2.4.  Load test frame (utilizing 6-inch deep blocks) 
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The modifications to the AASHTO test were implemented by Greenstreak for the following 

reasons: 

 The dowels furnished by Greenstreak for this study were of a significantly smaller cross-

section than the dowels found in highway pavements. 

 The floor slabs containing the smaller dowels are also much thinner than the highway 

pavement slabs containing the roadway dowel bars. 

The testing of the smaller dowel bars required smaller loads to be transferred between concrete 

blocks.  Because of the reduced load application and smaller dowel specimens, the researchers 

determined that the Greenstreak-modified version of the AASHTO test was an acceptable 

alternative to the larger ISU-modified AASHTO test. 

2.3  Construction 

The specimens were formed using prefabricated steel formwork, 1/8-inch polyvinyl chloride 

(PVC) joint spacers, and 3/4-inch plywood bulkheads (see Figure 2.5).  Small pieces of 3/4-inch 

PVC pipe were used as chairs.  The chairs were positioned to support one far edge of each dowel.  

The placement of chairs had no effect on the behavior of the dowel. 

 

 

Figure 2.5.  Forms for rectangular plate dowel specimen 
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Each middle block contained a welded H-shaped rebar configuration to prevent specimen failure 

through center block flexure.  The H-shaped reinforcement was fabricated using #2 (1/4-inch) 

black steel rebar. 

 

Placement of concrete was performed using hand scoops around the dowels to ensure the dowels 

remained level during construction.  Because proper concrete consolidation below the dowels 

was a concern for both the investigators and the client, the scoops were also used to push 

concrete underneath the plate-shaped dowels before vibration. 

 

The concrete was a Class-C Portland Cement mix with target strength of 4000 pounds-per-square 

inch.  The concrete was prepared and delivered by Ames Ready Mix. 

 

Two representatives of Greenstreak, Charles Van Dyke and Michael Estes, were present for the 

placement of concrete.  Michael Estes returned to observe the first two days of laboratory tests.
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3.  THEORY 

3.1  Modulus of Dowel Support 

Several researchers utilized Timoshenkoôs (11) model of beam on an elastic foundation (see 

Figure 3.1) to investigate the performance of dowel bars in pavement structures.  Figure 3.1 

shows a specific case where a load, P, and moment, M0, are applied at the end of the beam. 

 

Figure 3.1.  Beam on an elastic foundation 

The following briefly describes the analytical model of an infinite beam that is resting on a 

concrete foundation.  This model, which is a Winkler model, assumes a linear force-deflection 

relationship, so that if the beam (dowel) imposes a deflection, y, on the foundation, the beam 

(dowel) will be resisted with a pressure ky, where k is the foundation modulus (see Figure 3.2 

where z represents joint width).  When analyzing a dowel in pavement structures, the modulus, k, 

will be replaced by k0b where b is the width (or diameter, in the case of circular cross-sections) of 

the dowel bar and k0 is referred to as the modulus of dowel support.  The units of k0 are psi/in.  

The units of k0 will be denoted throughout this report as pounds per cubic inch (pci) for 

simplicity. 
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/2

Profile of the deflected dowel

bar in concrete pavement, y(x)

ky

y

P

x

 

Figure 3.2.  Reactions along a deflected beam on an elastic foundation 

Following Timoshenkoôs model, one can write the following relationship: 

 

ydk
dx

yd
EI )( 04

4

        (3-1) 

 

Where EI is the rigidity of the dowel and y is the deflection of the dowel. 

The general solution of the above differential equation is 

 

)sin(coscos
2

03
xxMxP

EI

e
y

x

    (3-2) 

Where 4 0

4EI

dk
 and is referred to as the relative stiffness of the dowel on the concrete. 

 

Friberg (12) applied the approach outlined above to a dowel with semi-infinite length embedded 

in concrete.  To find the deflection of the dowel at the face of the concrete joint Friberg set x = 0 

and 
2

0

Pz
M  (i.e. the moment from the shear load applied at the center of the joint) in Equation 

3-2, which becomes 

)2(
4 30 z

EI

P
y         (3-3) 
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Where, 

 4 0

4EI

bk
 , in.

ï1
       (3-4) 

 k0 = modulus of dowel support, pounds per square inch per inch, pci 

 b = dowel bar width, in. 

 P = load transferred by the dowel, lbs 

 Z = joint width, in. 

 E = modulus of elasticity of the dowel, psi 

 I = moment of inertia of the dowel cross section, in.
4
 

3.2  Relative Deflection 

Both the Greenstreak-modified and ISU-modified AASHTO tests were used to obtain y0.  For a 

given load, y0 was applied to solve  using Equation 3-3.  The parameter  was used to solve for 

k0 using Equation 3-4.  For the modified AASHTO tests, y0 was determined using the equation 

EI

Pz

dx

dy
zy

12
2

3

0
0        (3-5) 

Where  is the relative displacement in inches between slabs at the joint and consists of the 

following components (see Figure 3.3): 

 deflection at each joint face, y0 

 deflection due to the slope of the dowel, 
dx

zdy0  

 moment deflection, 
EI

Pz

12

3

 

 shear deflection,  

Where, 

 = 
AG

Pz
 

  = shear shape factor = 10/9 for round dowels and 6/5 for rectangular dowels (13) 

 A = cross-sectional area of the dowel, in.
2
 

 G = shear modulus of the dowel material, psi 
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Centerline of 

undeformed dowel

y

P z  

12EI
+

y

Centerline of 

deformed dowel

z z

2 2

z      dy

2     dx
o

o

3

2     dx

z      dyo

o

 

Figure 3.3.  Relative deflection between slab sections 

The deflections due to flexural effects in Equation 3-5 were assumed to be negligible due to 

small joint widths.  (For example, even for joint widths of up to 1/8-inch, the moment deflection 

is on the order of hundred-thousandths of an inch).  Neglecting the moment deflection and slope 

deflection leaves 

02y  

Or, solving for y0, 

2
0y          (3-6) 

Once the load and deflection data were obtained from laboratory testing, a Microsoft ExcelÊ 

spreadsheet was used to calculate y0 and k0 for each data point.  To calculate k0, an initial value 

for k0 was given so that ɓ could be determined using Equation 3-4 and applied to Equation 3-3.  

The Solver function was used to set Equation 3-3 equal to Equation 3-6 by changing k0, thus 

giving the representative k0 for a given data point. 

 

3.3  Bearing Stress 

Ultimately, the Modulus of Dowel Support, k0, is used to determine the bearing stress of the 
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dowel on the concrete at the joint face.  Since Timoshenkoôs model assumed that the intensity of 

the reaction continuously distributed at every section is proportional to the deflection at a given 

section then the bearing stress can be found by multiplying the modulus of dowel support by the 

deflection at the face of the joint: 

00ykb
         (3-7) 

3.4  Dowel Embedment Length 

Timoshenko (Equation 3-2) and Fribergôs (Equation 3-3) theories apply to a beam (dowel) of 

semi-infinite length.  However, dowels are of measurable finite length.  Albertson and others (14, 

15) have shown that the theory can be applied to dowels bars given that
eL is greater than or 

equal to 2 (where Le is the embedment length of the dowel within the slab).
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4.  ANALYSIS AND RESULTS 

4.1  Load Adjustments 

The load applied to the center block of the specimens was assumed to be distributed evenly 

between the two dowels.  Analysis of load-deflection data for the test showed inconsistencies 

between the relative deflections measured on either joint.  Many factors could have caused the 

inconsistencies.  One inconsistency was that the load was not necessarily distributed equally 

between dowels.  Because of potential load distribution effects, the data were analyzed two ways: 

 

1. Load was distributed evenly between the two dowels (unadjusted loading) 

2.  Load was distributed proportionally between the two dowels based on the relative 

deflection measurements (adjusted loading) 

 

The difference in k0 values determined using the unadjusted loads and the adjusted loads was 

usually within 10 percent though one outlier was as high as 40 percent for one round dowel 

specimen.  The one outlier exhibited poor load distribution due to eccentricities that develop 

from dowel misalignment during construction of the specimen, which could cause possible 

twisting in the plane of the joint.  This potential misalignment in a specimen is not thought to 

impact a full slab, since in-plane twisting could not occur along a full-length joint. 

4.2  Modulus of Dowel Support 

Tables 4.1 and 4.2 show the average k0 value (see Section 3.1) for the tested dowels broken down 

by dowel type, joint width, and load adjustment.  Appendix A shows k0 versus load graphs for all 

specimens tested.  Outlier data pointsðdue to specimen seating during initial loading and due to 

deflection reading errorsðhave been omitted from both Tables 4.1 and 4.2 and from the graphs 

in Appendix A. 
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Table 4.1.  Average k0 (pci) valuesðequal load distribution 

Without With

Dowel Type Dowel Size (in.) Sleeve Sleeve

Square Plate 4½ x 4½ x ¼ 670,000 400,000

Diamond Plate 4½ x 4½ x ¼ 370,000 220,000

Rectangular Plate 12 x 2 x Ȩ850,000 400,000

Round Bar 14 x ¾ 2,850,000 650,000

Round Bar (12 inch) 14 x ¾ 1,910,000 560,000  

 

Table 4.2.  Average k0 (pci) valuesðadjusted loads 

Without With

Dowel Type Dowel Size (in.) Sleeve Sleeve

Square Plate 4½ x 4½ x ¼ 620,000 270,000

Diamond Plate 4½ x 4½ x ¼ 360,000 160,000

Rectangular Plate 12 x 2 x Ȩ810,000 370,000

Round Bar 14 x ¾ 1,960,000 380,000

Round Bar (12 inch) 14 x ¾ 1,980,000 550,000  

 

Note that the k0 values for the sleeved dowels are not true modulus of dowel support values.  The 

k0 values for the sleeved dowels have been computed for comparison purposes.  The modulus of 

dowel support accounts for the dowel on the concrete foundation and not the effects of the 

sleeves and spaces between the dowels and the sleeves. 

 

The sleeves reduced the computed k0 values 40-55 percent for the rectangular cross section 

dowels and 70-80 percent for the circular cross section dowels.  The reduction in k0 values also 

corresponds to an increase in dowel deflection. 

4.3  Effects of Dowel Shape 

Of the four dowel types tested, three had rectangular cross sections and one had a circular cross 

section.  The rectangular cross sections provided an increased bearing contact area between the 

dowel and concrete than the circular cross section, although the circular cross section is a more 

efficient use of material having greater rigidity with a smaller cross sectional area (but a greater 
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length is needed for the circular dowel to satisfy the 2eL  requirement than for the rectangular 

dowels). 

 

The round dowel exhibited significantly higher k0 values than the rectangular cross sections.  The 

data for the rectangular cross sections show that the greater the cross sectional width, the smaller 

the k0 value. 

4.4  Effects of Dowel Flexural Rigidity  

Table 4.3 shows the modulus of elasticity, the moment of inertia about the horizontal axis, and 

the dowel flexural rigidity, EI, for the four dowel types. 

 

Table 4.3.  Dowel properties 

Modulus of Moment of Dowel Flexural

Dowel Type Dowel Size Elasticity, E  (psi) Inertia, I  (in.
4
) Rigidity, EI  (x10

6
)

Square Plate 4½ x 4½ x ¼ 29 x 10
6

0.0059 0.170

Diamond Plate 4½ x 4½ x ¼ 29 x 10
6

0.0083* 0.240

Rectangular Plate 12 x 2 x Ȩ29 x 10
6

0.0089 0.255

Round Bar 14 x ¾ 29 x 10
6

0.0155 0.450

Round Bar (12 inch) 14 x ¾ 29 x 10
6

0.0155 0.450

*Moment of inertia at center of joint (0.0081 in.
4
 at the face of the joint)

 

Table 4.4.  Dowel stiffness and k0 comparison 

Dowel Type k 0 * EI

Diamond Plate 370,000 0.240**

Square Plate 670,000 0.170

Rectangular Plate 850,000 0.255

Round Bar 1,910,000 0.450

Round Bar (12 inch) 2,850,000 0.450  
*From unadjusted loading for non-sleeved specimens 

**Using moment of inertia at center of jointðthe flexural rigidity at the joint face is 0.236x10
6
 

and the average flexural rigidity along the diamond plate is 0.199x10
6
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Table 4.8 shows that as flexural rigidity of the dowel bar increases, k0 increases.  Only the 

diamond plate did not follow the trend because the diamond plate has the only non-continuous 

cross section and the moment of inertia reported is for the cross sectional area at the center of the 

joint while the average moment of inertia along the length of the diamond plate is half of that.  

The moment of inertia for the diamond plate at the face of the joint is slightly less than at the 

center of the joint. 

4.5  Dowel Deflection 

Tables 4.5 and 4.6 show the average relative deflections, ȹ (measured); shear deflections, ŭ 

(Equation 3-5); and displacements, y0 (Equation 3-6) at the joint face for each dowel types.  

Tables are shown for both non-sleeved and sleeved dowels with 2000-pound loading. 

 

Table 4.5.  Average deflections (non-sleeved dowels) 

Dowel Bar Average ȹ, in.Average ŭ, in.Average y0, in.

Square Plate 0.004698 0.000024 0.002337

Diamond Plate 0.005126 0.000017 0.002555

Rectangular Plate 0.005855 0.000036 0.002910

Round Bar 0.004336 0.000056 0.002140

Round Bar (12 inch) 0.003942 0.000056 0.001945  

 

Table 4.6.  Average deflections (sleeved dowels) 

Dowel Bar Average ȹ, in.Average ŭ, in.Average y0, in.

Square Plate 0.008817 0.000024 0.004396

Diamond Plate 0.009824 0.000017 0.004904

Rectangular Plate 0.017457 0.000036 0.008711

Round Bar 0.014403 0.000056 0.007173

Round Bar (12 inch) 0.014825 0.000056 0.007385  

 

The round dowels without sleeves deflect the least due to their higher flexural rigidity than the 

other dowels.  

 

Of the rectangular cross sectional dowels the rectangular dowel had greater deflections than the 

square or diamond plates, which both displayed similar deflections. 
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Figure 4.1 shows a specimen exhibiting a typical concrete failure due to dowel deflection after 

loading of the specimen.  The failure mode was concrete shear failure due to prying action of the 

dowel. 

 

 

Figure 4.1.  Typical concrete failure 

Adding the sleeves to the dowel increased the relative deflection about two-to-four times than 

without the sleeve.  The increased deflection was due to closing of voids between the dowels and 

the sleeves and due to the compression of the sleeve between the dowel and concrete while being 

loaded.  The increased deflection due to dowel-sleeve void spaces was especially apparent in the 

round dowels.   

Joint 

Concrete shear failure 

Outline of dowel in 

concrete 
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Figure 4.2.  Air voids in concrete underneath the dowel  

An additional factor involving dowel deflection was air voids in the concrete at the surface of the 

dowels (see Figure 4.2).  The high void spaces only occurred for the rectangular cross section 

dowels and not the circular dowels.  The flat surface of the bottom side of a dowel was a likely 

place for voids to occur.  Care was taken during specimen construction to limit voids although in 

some cases more than 30 percent of a dowel footprint had void areas that were not in contact 

with concrete.  Since these voids would be expected in actual construction the void areas were 

not taken into account for any of the calculations. 

4.6  Bearing Stress 

The bearing stress at the face of a joint is the product of k0 and y0.  The bearing stresses 

calculated before failure for each dowel bar type along with the loads corresponding to the 

stresses are presented in Tables 4.5 and 4.6. 

Table 4.7.  Dowel (no sleeve) bearing stresses and load before failure 

 

Outline of 

diamond plate 

Air void 








































