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Section 1: Introduction 

1.1 Background 

Dowels bars are the main form of transferring shear load across slab joints that occur within 

every slab constructed. The joints are used for various reasons including crack control and 

construction break points. In order to account for varying load patterns and differential 

settlement, dowels are placed along the joint to transfer load between slab sections through shear. 

Several dowel cross-sectional shapes are currently used within industry. The most common 

cross-section used is a circular shape. However, various plate style dowels with rectangular 

cross-sectional shapes are also used to allow for larger bearing surface. In addition, various 

tapered plate shapes and rectangular plate shapes with sleeves are used to allow for lateral 

movement within the slabs. The current study involves five different dowels: 

 Round dowel (Long) 

 Round dowel (Short) 

 Plate dowel (Rectangular) 

 Plate dowel (Diamond) 

 Plate dowel (Double Taper) 

The current study underway at Iowa State University (ISU) is part of ongoing research on the 

performance of different dowels (1-9), including displacements and bearing stress produced by 

various loads. As with past tests performed at ISU, multiple dowel types were used. Greenstreak 

provided two styles for the round dowels and the rectangular and diamond plate dowels for 

testing. The two styles were sleeved and non-sleeved. Each type of dowel including both styles 

was tested for performance at 12-inch and 18-inch spacing. 

1.2 Objective 

The objective of the current study was to determine performance of various dowel shapes based 

on strength, deflection, modulus of dowel support (k0) and bearing stress. In addition, the study 

will gage the effect of spacing distance and the presence of dowel sleeves on the performance of 

the various dowels.  
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1.3 Scope 

The scope of the current study was to test and analyze the performance of the five dowel types. 

The specimen-testing matrix is shown in Table 1.1.  

Table 1.1: Testing Specimen Matrix 

 Dowel Specimen 

Dowel Type 
Dimensions 

(in.) 

Cross-section 

(in.) 

Spacing 

(in.) 

Width 

(in.) 
Quantity 

Round dowel (short) (SRD) 6 x ¾ ¾ Diameter 12 24 3 

Round dowel (short) 

w/sleeve (SRDS) 
6 x ¾ ¾ Diameter 12 24 3 

Round dowel (short) (SRD) 6 x ¾ ¾ Diameter 18 30 3 

Round dowel (short) 

w/sleeve (SRDS) 
6 x ¾ ¾ Diameter 18 30 3 

Round dowel (long) (RD) 14 x ¾ ¾ Diameter 12 24 3 

Round dowel (long) 

w/sleeve (RDS) 
14 x ¾ ¾ Diameter 12 24 3 

Round dowel (long) (RD) 14 x ¾ ¾ Diameter 18 30 3 

Round dowel (long) 

w/sleeve (RDS) 
14 x ¾ ¾ Diameter 18 30 3 

Plate dowel (Rect.) (PD) 6 x 4 x ¼ 4 x ¼ 12 24 3 

Plate dowel (Rect.)w/sleeve 

(PDS) 
6 x 4 x ¼ 4 x ¼ 12 24 3 

Plate dowel (Rect.) (PD) 6 x 4 x ¼ 4 x ¼ 18 30 3 

Plate dowel (Rect.) w/sleeve 

(PDS) 
6 x 4 x ¼ 4 x ¼ 18 30 3 

Plate dowel (Diamond) 

(DD) 
4½ x 4½ x ¼ 6.36 x ¼ 12 24 3 

Plate dowel (Diamond) 

w/sleeve (DDS) 
4½ x 4½ x ¼ 6.36 x ¼ 12 24 3 

Plate dowel (Diamond) 

(DD) 
4½ x 4½ x ¼ 6.36 x ¼ 18 30 3 

Plate dowel (Diamond) 

w/sleeve (DDS) 
4½ x 4½ x ¼ 6.36 x ¼ 18 30 3 

Plate dowel 

(Double Taper) (DTP) 
2.875 x 12 2.875 x 3/8  12 24 3 

Plate dowel 

(Double Taper) (DTP) 
2.875 x 12 2.875 x 3/8 18 30 3 

 

The testing method used for analyzing the performance of the various dowels and placements 

was a modified AASHTO testing procedure previously used at Iowa State University (17). 
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Section 2: Testing and Construction 

2.1 Modified AASHTO Testing Procedure 

Testing occurred at ISU in the structures laboratories located in the Town Engineering Building. 

The testing procedure is a modified version of the AASHTO T253 testing procedure (3, 10, and 

17). The modification to the AASHTO procedure was to use symmetrically placed point loads at 

the joints. The loading condition was chosen to simulate the worst case shear and deflection 

conditions, when a forklift wheel is crossing the construction joint between two dowels.  Two 

frame constructions were used in the process of testing. Figure 2.1 shows the current testing 

configuration at ISU. 

 

Figure 2.1: Specimen Loading Detail 

.  
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The first testing frame setup consisted of four W21 x 93 I-beams placed on a pre-constructed 

frame and clamped into place at the ends to resist upward movement. One-inch thick steel plates 

were then placed on top of the beams and located under the outer blocks of the specimen to allow 

the center block to deflect freely. The outer blocks were clamped with a 4-foot piece of ¾-inch 

by 4-inch-by-4-inch angle that was secured on each end by a ¾-inch threaded rod bolted through 

the steel I-beams. To apply the load to the specimen, a 25-ton hydraulic actuator was clamped to 

the loading frame above the center of the specimen. The hydraulic actuator applied load to a 

stiffened spreader I-beam. The I-beam was supported by load cells placed at each end. The load 

cells were placed on top of 6-inch by 6-inch metal plates and 6-inch by 6-inch neoprene pads to 

allow for uniform load bearing on the test specimen. The test setup is shown in Figure 2.2.  

 

Figure 2.2: Testing Setup in South Structural Laboratory 

Due to laboratory constraints, the second and third set of testing occurred in the north structural 

laboratory in Town Engineering Building. Therefore, a second loading frame, shown in Figure 

2.3, was constructed. The loading frame consisted of single 7-foot rectangular tube section 

supported by two circular tube sections. The loading beam was secured to the floor using 

threaded rods to allow the reactionary force required load the specimen. Two HP14 x 117 H-pile 

members formed the base support for the test specimen.  
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Figure 2.3: Testing Setup in North Structural Laboratory  

The support beams were clamped into place using several channel beams and 2 ½- inch threaded 

rods connected to the floor. On top of the H-piles, 1-inch thick steel plates were again placed to 

allow the center block to deflect freely. The outer blocks of the specimen were then clamped 

down using two 4-foot pieces of angle on each side with ¾-inch threaded rod. The additional 

clamping force was added to account for concerns about end block rotation noted in the first test 

frame. The load was applied in the same manner as with the initial frame setup. However, the 

amount of plates used was varied to account for the different distance required to make up the 

load.  The authors feel that the differences between test frames are minor and data from both 

frames should be comparable. 

2.2 Specimen Construction 

The dowels being tested are used in commercial and industrial floor slabs with a typical slab 

thickness of 6 inches. Therefore, specimens had a 6-inch thickness rather than the 12-inch 

thickness that is used in the AASHTO T253 procedure (3, 10, and 17). The specimens were 

composed of three concrete blocks with a 24-inch or 30-inch width.  In addition, the specimens 
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were constructed with two dowels placed along each joint spaced at 12-inch or 18-inch distance 

center-to-center. Typical specimen construction is shown in Figure 2.2, 2.3 and 2.4. 

 

Figure 2.4: Typical Dowel Placement 

 

Dowels were placed six inches on center from the edge of the specimen and three inches from 

the bottom of the specimen to the center of the dowel. In addition, the center of the dowel 

transverse to the joint was placed at the center of the 1/8-inch joint.  The spacing yielded either 

12-inch or 18-inch center-to-center dowel spacing for the 24-inch or 30-inch wide specimens, 

respectively. Reinforcement was placed in the center block of the specimens to resist a flexural 

failure in the center block. The reinforcement consisted of three #4 rebar placed longitudinal to 

the joint and two #4 rebar placed transversely to the joint. The placement of the reinforcement is 

shown in Figure 2.5. 
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Figure 2.5: Typical Specimen Construction (Initial Casting Setup)
1
 

Iowa State Ready Mix supplied the concrete used for the construction of the specimens. The 

specification for the concrete was a 4000 psi, air entrained mix with an aggregate size less than 

3/8-inch diameter. The smaller aggregate was chosen to facilitate consolidation in the forms and 

help to minimize voids below the dowels.  However, after inspecting the broken specimens for 

the third set, aggregate larger than 3/8-inch diameter was discovered in the mix. In addition, the 

concrete strengths varied with each casting. The concrete strength for each casting is shown in 

Table 2.1.  

Table 2.1: Concrete Strengths 

 Set 1 Set 2 Set 3 

Casting 1
st
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 

f óc (psi) 4667 4493 4669 4335 3561 4026 

 

The construction of the specimens used reusable E-Z formwork, from Economy Forms, provided 

by Iowa State University Structures Lab. The forms were arranged into 12-foot by 30-inch and 

                                                 

1
 Photo supplied by Mike Estes of Greenstreak 
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12-foot by 24-inch troughs with 6-inch sides, in which the three specimens for each specimen 

type could be cast simultaneously. The individual specimens were separated by ¾-inch plywood 

sheathing. Construction methods were chosen to simulate the forming and stripping of multiple 

concrete castings in the field.  The center block of the specimen was cast first and allowed to set 

for one day. The end blocks were then cast with a 1/8-inch polyvinyl chloride (PVC) separator 

between the end blocks and the center blocks. A typical specimen setup for the second casting is 

shown in Figure 2.6. For both castings, the specimens were filled half way using shovels and 

hand scoops and vibrated then filled completely and vibrated in order to minimize air pockets 

from forming under the dowels.   The initial casting was stripped and inspected for consolidation 

issues prior to the second casting. 

 

Figure 2.6: Typical Specimen Construction (Second Casting Setup)
1
 

2.3 Sensor Layout 

The sensor layout used in the current testing consisted of 9 Direct Current Displacement 

Transducers (DCDTs) for measuring displacements and two load cells to measure applied loads. 

                                                 

1
  Photo supplied by Mike Estes of Greenstreak 
























































































