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INTRODUCTION 

The American Association of State Highway and Transportation Officials (AASHTO) approved 

AASHTO M 254, Standard Specification for Corrosion-Resistant Coated Dowel Bars, and 

AASHTO T 253, Standard Method of Test for Coated Dowel Bars, around 1975 when concrete 

pavement dowels were almost exclusively cylindrical steel bars, often coated with epoxy, paint, 

or other similar corrosion barriers. The AASHTO standards were developed to be directly 

applicable to epoxy-coated cylindrical steel dowels, and the included structural tests and 

acceptance criteria were developed around the behavior of single 1.25 in. diameter epoxy-coated 

cylindrical steel dowels (see Figure 1). 

 

Figure 1. Schematic of AASHTO T 253 load-deflection test for concrete pavement dowels, 

with relative deflection limited to 10 mils (0.01 in.) [0.25 mm] 

Innovations in dowel design, structural materials, and coating materials have resulted in the 

development and deployment of alternative dowel products, including the following: 

• Plate dowels 

• Hollow/tubular dowels (with or without coatings) 

• Elliptical dowels (various materials) 

• Fiber-reinforced polymer/plastic (FRP) dowels 

• Composite dowels (FRP/steel, zinc/steel, etc.) 

• Through-alloy dowels (stainless steel, microcomposite alloys) 

Many of these newer products have different structural behavior than conventional 1.25 in. 

diameter solid steel dowels. Some manufacturers recommend the use of alternate dowel sizes or 

spacing with their products to produce joint behavior similar to that of 1.25 in. diameter steel 

dowels. Even conventional cylindrical steel dowels are sometimes used with nonuniform spacing 

for more efficient use of materials and are commonly used in sizes other than 1.25 in. diameter. 

Problem Statement 

Current AASHTO T 253 structural tests of single dowels are incapable of providing the 

information necessary to effectively assess the potential behavior of many newer dowel product 
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systems (i.e., groups of dowels), which inhibits concrete pavement innovation and performance 

improvements. A new test is needed to better assess the potential of pavement dowel systems to 

provide adequate joint load transfer and joint stability. 

Objectives 

The objectives of this research were as follows: 

• Develop and validate a load-deflection test procedure based on the AASHTO T 253-02 

Section 5 procedure that could be used to assess the structural behavior of groups of 

pavement dowels. 

• Characterize the relationship between the original AASHTO T 253 test results and the new 

test results so that a relative deflection limit can be determined for the modified test that 

represents structural equivalence to the deflection limit set forth for the original test. 

The successful adoption and implementation of the new load-deflection test will allow agencies 

to objectively assess the structural behavior of newer, innovative dowel products and facilitate 

their adoption, resulting in the potential for more cost-effective construction and improved 

pavement performance. It will also provide dowel manufacturers with evaluation criteria for 

consideration in the development of improved and optimized dowel load transfer systems. 
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RESEARCH APPROACH 

In early 2016, concepts for a modified version of the AASHTO T 253 load-deflection test were 

presented to the National Concrete Consortium. The new test carried forward the double-shear 

test concept of the original AASHTO T 253 load-deflection test but expanded the test specimen 

to a 4 ft width to simulate a pavement wheel path and accommodate a group of dowels. 

Additionally, the load configuration was changed from a 4,000 lb distributed line load to a 9,000 

lb load applied to a 12 in. diameter circular plate system, similar to a falling weight 

deflectometer test and simulating the static application of one half of an 18,000 lb single-axle 

load (single wheel). 

This test concept was selected for further development and validation. Schematics for the test are 

presented in Figures 2, 3 and 4. 

 

Figure 2. Proposed modified AASHTO T 253 dowel load-deflection test – plan view 
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Figure 3. Proposed modified AASHTO T 253 dowel load-deflection test – elevation section 

A-A 

 

Figure 4. Proposed modified AASHTO T 253 dowel load-deflection test – elevation section 

B-B 

Work was also done in 2016 to establish a relative deflection limit for the new test (for use in 

specifications) by performing finite element (FE) analyses (using ABAQUS software) of the 

original and modified AASHTO T 253 tests using 1.25 in. diameter steel dowels and typical 

material properties for concrete and steel. With all material properties and specimen dimensions 

being fixed, the only unknown variable that affected relative deflection across the test specimen 

joints was the modulus of dowel-concrete interaction (K).  

The FE analysis was performed iteratively using the same model with several different values of 

K to produce the graph shown in Figure 5. This figure suggests that a relative deflection of 10 

mils corresponds to K of approximately 425,000 psi/in. K cannot be measured directly but has 

been reported to range between 300,000 and 1.5E6 psi/in., with 1.5E6 being the value most 

commonly assumed in pavement analyses. At K = 1.5E6 psi/in., the FE model predicted a 

relative deflection of slightly more than 4 mils. 
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Figure 5. Plot of 2016 FE analysis of AASHTO T 253 load-deflection test for various values 

of K 

Similar FE analysis were performed for the proposed new test configuration, again assuming 

1.25 in. diameter steel dowels (on 12 in. centers, as shown in Figure 4), typical concrete and steel 

material properties, and varying values of K. Figure 6 presents the results of this analysis, which 

suggests that if the new test is performed using the same dowels and material properties that 

produced a relative deflection of 10 mils in the current AASHTO T 253 load-deflection test, the 

predicted relative deflection is approximately 20 mils. At K = 1.5E6 psi/in., the relative 

deflection is predicted to be about 8.5 mils. 
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Figure 6. Plot of 2016 FE analysis results for modified AASHTO T 253 load-deflection test 

for various values of K and various dowel types and spacing 

Based solely on this analytical work, one might conclude that a relative deflection limit of 20 

mils under the new test protocol would be consistent with the 10 mil limit given in AASHTO 

M253 for the AASHTO T254 load-deflection test. This conclusion could be validated by 

performing side-by-side tests using both test protocols and identical materials (including 1.25 in. 

diameter cylindrical steel dowels). This approach was undertaken in this research study to 

validate the analytical results and provide guidance in selecting load-deflection limits for 

implementation in specifications. 
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TEST PROGRAM 

The test program was initially designed as follows: 

• Four replicates of AASHTO T 253 load-deflection testing, shown previously in Figure 1: 

o Use 1.25 in. diameter epoxy-coated steel dowels, conventional concrete paving mixture 

o Loading accomplished in compliance with the load rate requirements of AASHTO T 253, 

Section 5 

o Test program to provide eight separate measures of relative deflection (two replicates for 

each of four specimens) 

• Two replicates of the proposed modified test configuration, shown previously in Figure 2: 

o Use four 1.25 in. diameter epoxy-coated steel dowels per joint, conventional concrete 

paving mixture (same as for AASHTO T 253 test, cast at the same time from the same 

batch) 

o Loading accomplished at a rate that results in full load application in the same period of 

time required to achieve full loading under AASHTO T 253 Section 5 

o Perform load-deflection test in each of four corner test locations per specimen (one in 

each of the four corners of the unsupported slab), thereby providing a total of eight 

separate measures of relative deflection 

• Cast and test companion cylinders for compressive strength and elastic modulus at time of 

load-deflection testing 

The test procedures were modified (at the request of members of a panel formed by the 

American Concrete Pavement Association (ACPA) of agency and industry stakeholders who 

were developing and reviewing improved pavement dowel specifications) to include an overload 

component in both the original AASHTO T 253 test and the proposed modified test. The purpose 

of the overload was to gather data on higher test loads and their impacts on dowel behavior under 

permitted overload conditions. It was believed that such higher test loads might also provide 

insight into the potential deformation characteristics of some thicker and potentially more 

compliant coatings (e.g., thick epoxy, layers of FRP). 

Therefore, the test protocols were modified as follows:  

A load hold test of 10 minutes was applied at the 9,000 lb peak (4,000 lb peak for the original 

test), and the load was increased to 13,500 lb (6,000 lb for the original test), with another 10- 

minute load hold at that level. Relative deflection data were collected at the beginning and end of 

each hold and at 1 minute after unloading. 
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RESULTS 

Appendix A contains the project test program description, test result summaries, and 

observations of the testing laboratory (Construction Technology Laboratories, Inc.). Appendix B 

contains raw data collection sheets from the test program. 

Tables 1 and 2 present summaries prepared by the present report’s author of the test data for the 

standard AASHTO T 253 and modified test procedures, respectively, and are based on the raw 

data sheets presented in Appendix B. 
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Table 1. Load-deflection test results for standard AASHTO T 253 specimens with overload and holds (test date May 21, 2020) 

 

SPECIMEN 

Load, Hold Time 

4,000 lb, t = 0 4,000 lb, t = 10 mins 6,000 lb, t = 0 6,000 lb, t = 10 mins Unload, t = 1 min 

Relative Deflections, mils (0.001 in) 

J1 J2 Avg. J1 J2 Avg. J1 J2 Avg. J1 J2 Avg. J1 J2 Avg. 

1 1.4 3.8 2.6 1.7 4.0 2.9 2.7 5.0 3.9 3.3 5.6 4.5 1.0 1.0 1.0 

2 2.9 2.7 2.8 3.0 2.8 2.9 4.1 3.8 4.0 4.4 4.0 4.2 0.9 0.7 0.8 

3 2.1 2.0 2.1 2.2 2.1 2.2 3.1 3.1 3.1 3.4 3.4 3.4 0.9 1.2 1.1 

4 2.8 4.6 3.7 3.0 5.0 4.0 4.2 6.5 5.4 4.4 6.9 5.7 1.2 5.4 3.3 

AVG (1–4) 2.3 3.3 2.8 2.5 3.5 3.0 3.5 4.6 4.1 3.9 5.0 4.4 1.0 2.1 1.5 

AVG (1–3) 2.1 2.8 2.5 2.3 3.0 2.6 3.3 4.0 3.6 3.7 4.3 4.0 0.9 1.0 1.0 

 

Table 2. Load-deflection test results for modified AASHTO T 253 specimens with overload and holds (test date May 20, 2020) 

 

SPECIMEN 

Load 

Position, 

Time 

Load, Hold Time 

9,000 lb, t = 0 9,000 lb, t = 10 mins 13,500 lb, t = 0 13,500 lb, t = 10 mins Unload, t = 1 min 

Relative Deflections, mils (0.001 in) 

C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 

1 

1, N/A 1.5  -0.9  1.9  -0.9  4.4  -1.3  5.3  -1.3  3.8  -0.5  

2, 9:44a  3.2 0.8   3.4 0.9   4.9 1.7   5.1 1.7   0.4 0.8  

3, 10:44a   4.0 3.6   4.2 3.7   5.8 5.0   6.2 5.3   0.6 0.1 

4, 11:25a   3.1 6.3   3.5 6.6   4.7 8.3   4.8 8.8   0.5 0.2* 

Avg Loaded 3.8 4.0 5.9 6.4 1.6 

2 

1, 2:13p 2.6 5.9   2.9 6.5   5.4 8.3   6.0 8.9   1.1 3.1   

2, 2:53p 3.7 6.0   3.8 6.5   4.9 9.0   5.0 9.8   0.5 1.2   

3, 3:31p  -2.3 6.6   -2.7 7.3   -3.6 9.4   -3.8 10.2   -1.1 2.6  

4, 4:09p  -0.6  2.7  -0.8  2.7  -1.2  4.3  -1.2  4.3  -0.3  -0.8 

Avg Loaded 4.5 4.9 7.0 7.6 1.0 

Enhanced font indicates deflection under applied load. 

* Transducer moved 
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AASHTO T 253 Load-Deflection Test Data 

Figure 7 presents a plot of the relative deflection progression for each joint of each specimen 

(e.g., S1-J1 is data for Specimen 1, Joint 1). The data are extracted from Table 1. 

 

Figure 7. Plot of relative deflection data for each joint of AASHTO T 253 load-deflection 

test specimen at each stage of test (t = 0 minutes) 

Joint 2 of Specimen 4 exhibits unusually high deflections throughout the entire test, including 

very high residual deflection after the load has been removed at the end of the test. Possible 

reasons for this behavior include (1) a void or other weakness around the dowel in S4-J2 and (2) 

movement or incorrect zeroing of the deflection measuring device. 

In any case, it appears that data from this specimen are unreliable and should be disregarded. 

Therefore, Table 1 includes one summary line that includes the results of all four specimens and 

one line that represents only Specimens 1 through 3; the latter was used for comparisons and 

analyses in this report. 

The load-deflection behavior of all specimens is generally as expected, with significant 

deflection increases (or decreases) at each load increment (or decrement) and slight deflection 

increases during load hold periods. Small residual relative deflections (0.7 to 1.2 mils for the 

joints in Specimens 1 through 3) remain a short time after the load is removed. 

The average relative deflection for Specimens 1 through 3 after 4,000 lb loading (in compliance 

with AASHTO T 253 Section 5) is 2.5 mils, well below the 10 mil AASHTO M 254 limit. This 

low relative deflection value suggests that the modulus of dowel-concrete interaction, K, was 

much higher than the assumed value of 425,000 psi/in. shown in Figure 5 (which would, in 

theory, have produced 10 mils of relative deflection). 
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Figure 8 presents a graphical extrapolation of the finite element analysis data previously 

presented in Figure 5 and indicates that the effective or apparent K for these tests is 

approximately 2.5 million psi/in., which is outside the range of typically assumed values for K. 

This suggests that there may be problems with the model or the test; these possibilities are 

discussed later in this report. 

 

Figure 8. Extrapolation of Figure 5 data to estimate experimental K for AASHTO T 253 

load-deflection test 

Modified AASHTO T 253 Load-Deflection Test Data 

Figures 9 and 10 present plots of the relative deflection data for each load position for Specimens 

1 and 2, respectively; data series are labeled by specimen and load position (e.g., S1-LP1 

represents data for Specimen 1, Load Position 1). The data are extracted from Table 2. 
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Figure 9. Plot of relative deflection data for each load position of modified AASHTO T 253 

load-deflection test Specimen 1 at each stage of test protocol (t = 0 minutes) 

 

Figure 10. Plot of relative deflection data for each load position of modified AASHTO T 

253 load-deflection test Specimen 2 at each stage of test protocol (t = 0 minutes) 

The load-deflection behavior at all load positions for both modified specimens is generally as 

expected, with significant deflection increases (or decreases) at each load increment (or 

decrement) and slight increases during load hold periods. Small residual relative deflections 

remain a short time after the load is removed in most cases. The residual deflection for Specimen 

1, Load Position 1 is unusually high, which may indicate that the sensor moved when the load 

was released. 
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Figures 9 and 10 indicate that a load sequence bias exists in the data for each specimen: the 

deflections at the first load position are lowest, the deflections at the second load position are 

slightly higher, the deflections at the third load position are higher still, and the deflections at the 

fourth position are highest of all (for Specimen 1 but not Specimen 2). 

The load-deflection profile for the fourth load position of the second specimen seems to resemble 

the profile for the first load position, except that the residual deflection is less than zero, which is 

counterintuitive and suspect. A possible explanation for this profile is that the deflection-

measuring device slipped or was not correctly zeroed at the start of testing. If the entire profile is 

translated vertically on the graph such that the residual deflection after test completion is about 

the same as was observed for Load Positions 2 and 3, the entire curve would be positioned more 

consistently with Load Position 4 for Specimen 1. 

There are two potential reasons for the apparent load sequence bias: (1) movement of the 

specimen after each test to position the test locations for Load Positions 2, 3 and 4 under the load 

actuator (which was in a fixed location) produced some dowel looseness or localized damage 

that accumulated with each move, or (2) each load sequence induces some loading of all dowels 

in the specimen (not just the one directly under the load), which results in some looseness or 

localized damage at all dowels that shows up as increased relative deflections in subsequent 

tests. The potential effects of load-induced damage are discussed later in this report. Additional 

testing is required to determine whether specimen handling also contributed to the apparent test 

result bias. 

Because of the apparent test sequence bias in this data set, only the data from the first load 

position of each specimen are considered in this report for comparison with data from the 

standard AASHTO T 253 load-deflection test. These data lead to the following observations 

(summarized in Table 3): 

• At the initial load of 9,000 lb, the average relative deflection is (2.6 + 1.5) / 2 = 2.05 mils 

(only for Load Position 1 of both specimens), which can be compared with the 2.5 mil 

average initial deflection observed for the standard AASHTO T 253 Section 5 load- 

deflection test at 4,000 lb. 

• At the increased load of 13,500 lb, the average relative deflection is (4.4 + 5.4) / 2 = 4.9 mils 

(only for Load Position 1 of both specimens), more than double the 2.05 mil average 

deflection at 9,000 lb. This can be compared with the 3.6 mil average deflection observed for 

the standard AASHTO T 253 Section 5 load-deflection test at 6,000 lb, which is almost 50% 

higher than the 2.5 mil deflection observed at 4,000 lb. 
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Table 3. Summary of load-deflection comparisons between standard and modified 

AASHTO T 253 tests at standard and 150% load 

 Standard Load 150% Load 

Standard AASHTO T 253 2.5 mils 3.6 mils 

Modified AASHTO T 253 2.05 mils 4.9 mils 

Note: Standard and 150% loads for standard AASHTO T 253 are 4,000 and 9,000 lb, respectively. Standard and 

150% loads for modified AASHTO T 253 are 9,000 and 13,500 lb, respectively. 

The data in Table 3 lead to the following observations: 

• The modified AASHTO T 253 test deflection was about 20% lower than the standard 

AASHTO T 253 test deflection under “standard” load conditions but about 36% higher under 

150% load conditions. 

• The standard AASHTO T 253 deflections increased approximately linearly with increased 

load. The modified AASHTO T 253 deflections increased nonlinearly; a 50% increase in 

load produced a 139% increase in deflection. 

• The finite element models greatly overpredicted deflections for both test protocols. The 

following sections describe investigations and analyses into the observations above. 
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DISCUSSION AND DATA ANALYSES 

Test Data 

Evaluation and interpretation of the load-deflection data trends for the two test protocols requires 

(1) an understanding of the shear loads being applied to and transferred through the critical 

dowels and (2) consideration of the effects of slab stiffness on load distribution and on 

restraining relative deflection at the measurement location. 

Critical Dowel Shear Load 

Determining the shear loads in the standard AASHTO T 253 test is simple because there is only 

one dowel at each end of the loaded and unsupported center section of the test specimen, so each 

dowel carries ½ of the applied load (i.e., 2,000 lb/dowel for the standard 4,000 lb load 

application and 3,000 lb/dowel for the 6,000 lb load application). Determining dowel loads for 

the modified AASHTO T 253 load-deflection test procedure is more complicated. 

Determination of the critical dowel load in response to a corner load for a grade-supported 

doweled joint can be performed by distributing the load linearly to the affected dowels within the 

radius of relative stiffness (measured from the point of load application). This computation is 

described in Appendix B of the National Concrete Pavement Technology Center (CP Tech 

Center) publication Guide to Dowel Load Transfer Systems for Jointed Concrete Roadway 

Pavements, which is reproduced as Appendix C to this report. 

The example calculation presented in Appendix C assumes a 9,000 lb applied load over the 

dowel closest to the slab edge, just as was done in the modified AASHTO T 253 testing. It also 

assumes a 10 in. slab thickness, 12 in. dowel spacing, Econcrete = 4.0E6 psi, and Poisson’s ratio = 

0.17, all of which are consistent with (or reasonable assumptions for) the modified AASHTO T 

253 test performed for this study. Assumptions that do not conform with the modified AASHTO 

T 253 test are the assumed subgrade modulus of 200 psi/in. (a reasonable effective level of soil 

support for many field conditions, but there is no support of the center panel in the modified 

AASHTO T 253 test) and the transferred load percentage of 42% (100% of the load must be 

transferred from the unsupported slab to the two support slabs, with a greater percentage likely 

going through the dowels in the joint closest to the applied load). 

The example presented in Appendix C for grade-supported joint systems estimates the critical 

dowel load at 1,881 lb for a 9,000 lb edge load condition, about 95% of the 2,000 lb shear load 

induced in each dowel in the original AASHTO T 253 load-deflection test. The 50% overload 

conditions (6,000 lb for the standard AASHTO T 253 test and 13,500 lb for the modified 

AASHTO T 253 test) would likely result in linearly scaled (for these load and support 

conditions) dowel shear loads (i.e., 3,000 lb for the standard test and 2,822 lb for the modified 

test). The AASHTO T 253 test condition is not grade supported, however, so these dowel shear 

load estimates for the modified test are not realistic. 
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ABAQUS finite element software was used to model the theoretical deflection and dowel shear 

load distribution for the modified AASHTO T 253 test over a range of values for K (modulus of 

dowel-concrete interaction). The results of these analyses are presented in Table 4, and a 

graphical representation (exaggerated) is shown in Figure 11. In Table 4, Bars 1 through 4 are 

located along the joint closest to the load (Bar 1 is directly under the load), and Bars 5 through 8 

are located along the joint farthest from the load (Bar 5 is aligned with Bar 1, Bar 6 with Bar 2, 

etc.). 

Table 4. Tabulation of modified test dowel shear loads for 9,000 lb applied load (ABAQUS 

model) 

K 

(psi/in.) 

Vertical Dowel Shear Force for 9,000 lb Load (New Model), lb Check 

Sum Bar 1 Bar 2 Bar 3 Bar 4 Bar 5 Bar 6 Bar 7 Bar 8 

300,000 -3,707 -2,335 -979 375 -2,621 -1,267 84 1,422 -9,027 

600,000 -3,718 -2,338 -981 375 -2,614 -1,262 90 1,419 -9,028 

900,000 -3,725 -2,339 -981 376 -2,610 -1,259 93 1,415 -9,029 

1,200,000 -3,731 -2,339 -981 378 -2,607 -1,256 95 1,411 -9,029 

1,500,000 -3,736 -2,339 -980 380 -2,604 -1,254 96 1,408 -9,030 

1,800,000 -3,740 -2,339 -980 381 -2,602 -1,253 98 1,404 -9,030 

Average -3,726 -2,338 -980 377 -2,609 -1,258 93 1,413 -9,029 

 

 

Figure 11. ABAQUS model of slab deflections for modified AASHTO T 253 test under 

9,000 lb corner load 

Table 4 and Figure 11 show that the modified test produces a much greater load on the critical 

dowel, approximately 3,700 lb for a 9,000 lb applied load (and likely more than 5,500 lb for a 
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13,500 lb applied load). This increased critical load is due to the asymmetrical load location in a 

slab corner (rather than the linear or uniformly distributed load in the standard AASHTO T 253 

test), which results in rotation of the slab about both the X and Y axes and corresponding 

differences in dowel shear load, including slab uplift and negative loads around the opposite 

corner from the load application. This slab uplift was observed in the CTLGroup laboratory test 

program (see, for example, the raw data collection sheets for “Loading at Corner 1-1” and 

“Loading at Corner 2-4” in Appendix B). 

Figure 12 presents data plots of transferred load versus computed Friberg bearing stress for solid 

1.25 in. diameter steel dowels (E = 29E6 psi, blue lines) and low-modulus dowels (E = 6E6 psi, 

green lines) for two values of dowel-concrete interaction (K = 5E5 and 1.5E6 psi/in., dashed and 

solid lines, respectively). The analysis indicates that the bearing stress for the standard AASHTO 

T 253 test with K=1.5E6 psi/in. (a typically assumed value) is approximately 2,160 psi 

(increasing to 3,240 psi for the 50% overload condition), while the bearing stress for the 

modified AASHTO T 253 test is 3,995 psi (increasing to nearly 6,000 psi for the 50% overload 

condition). The low-modulus dowel bearing stresses for the same four conditions are 3,360, 

5,040, 6,220, and 9,320 psi. ACI 325 (ACI Committee 325 1956) would limit bearing stress to 

92% of f’c. CTLGroup reported the average compressive strength of the concrete companion 

specimens as 6,350 psi at the time of testing, so bearing stress would be limited to 5,820 psi. This 

value was exceeded during the testing at overload conditions and may have caused the 

development of some concrete microfracturing and dowel looseness that contributed to the test 

sequence bias that was observed with the modified AASHTO T 253 test. 

 

Figure 12. Calculated bearing stresses for critical dowel in modified AASHTO T 253 load-

deflection test for a range of transferred shear loads and selected dowel modulus and K 

values 
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As a point of reference, if the compressive strength was a nominal 4,000 psi (typical portland 

cement concrete pavement [PCCP] design strength), ACI 325 (ACI Committee 325 1956) would 

limit bearing stress to 3,680 psi, which is greater than was computed for either the standard 

AASHTO T 253 test (acceptable) but lower than computed for even the 9,000 lb applied load 

with the modified test (a potential problem). 

Effects of Slab Stiffness 

The test results shown in Table 3 indicate that the modified test scheme with a 9,000 lb load 

produced about 20% less relative deflection than the standard AASHTO T 253 test scheme with 

a 4,000 lb load, even though the FE models indicate a much higher shear load in the critical 

dowel. (The FE models also indicate that the modified test should produce higher deflections 

than the original test. This is discussed in the next section of this report.) 

The discussion in the previous section showed that dowel-concrete bearing pressures at the 

standard 4,000 and 9,000 lb loads are approximately at or below the ACI 325 (ACI Committee 

325 1956) limits, suggesting that the concrete is not being heavily damaged by dowel-concrete 

bearing stresses in either test configuration at the lower load levels. The primary source of 

resistance to deflection in the current AASHTO T 253 load-deflection test is dowel stiffness; the 

stiffness of the uniformly loaded concrete slab likely contributes little to the relative deflection 

behavior at the joints. The same is not true for the modified AASHTO T 253 test. 

The modified test deflections at the point of measurement are likely restrained by the presence of 

adjacent dowels and the stiffness of the slab connecting the critical (under the load) dowel with 

those adjacent dowels. In other words, the observed deflections in the modified load test are 

likely lower than would have been observed if the same 3,700 lb (estimated) shear load were 

applied to a single dowel. Current AASHTO T 253 test data confirm this by comparing the 2,000 

and 3,000 lb shear load data; one might project that the deflection would have been 

approximately 4.6 mils at a 3,700 lb shear load. Therefore, deflections at the critical dowel will 

be restrained in the modified test until loads increase to a point where the adjacent dowel 

deflections also increase enough to allow additional deflection at the critical dowel. 

This may be why the higher load increment in the modified test exhibits such a great increase in 

deflection (>150%); the critical dowel has a very high load (perhaps producing bearing failure) 

and the adjacent dowel load is also quite high, allowing more bending of the slab between the 

two dowels. 

Modeling 

The test data presented in Table 3 (i.e., 2.5 mils relative deflection for the 4,000 lb AASHTO T 

253 test and 2.05 mils for the 9,000 lb modified AASHTO T 253 test) do not match the values 

predicted by the original finite element models for any reasonable value of K (see Figures 5 and 

6), which show predicted relative deflection values of about 4 mils and 8.5 mils for the standard 

and modified AASHTO T 253 tests, respectively, for K = 1.5E6 psi/in. (a commonly assumed 
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value of K). There are at least three possible explanations for the discrepancy: (1) K is much 

greater than 1.5E6 psi/in. for these tests (a possibility that is not supported by experimental tests 

in the literature); (2) the test procedures and measurements are flawed (always a possibility, but 

the repeated measurements were reasonably consistent); and (3) the original models were flawed. 

The analyses and discussion presented below describe an investigation into the third possibility. 

Copies of the original ABAQUS model files for both the original and modified AASHTO T 253 

test setup were obtained from the original modeler. These files were uploaded into a recent 

version of ABAQUS software, and the model setup and input parameters were compared for 

consistency and accuracy. Figure 13 presents isometric and plan view depictions of the 

AASHTO T 253 test model to illustrate the types of model components (cylindrical dowel 

segments, “donut” segments for concrete immediately surrounding the dowels, block segments 

for bulk concrete and end sections, and gaps for the joints). The same types of elements were 

used to assemble the model for the modified AASHTO T 253 test. 

 

 

Figure 13. Isometric and plan view drawings of ABAQUS models showing model 

components for AASHTO T 253 test configuration (top drawing shows right ⅔ of full 

specimen; bottom shows ½ of full specimen) 
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The following potential issues were identified: 

• The load used in the original AASHTO T 253 model file was double what it should have 

been. It is possible that the file parameters reflected a sensitivity test run that was saved and 

that the actual value used to develop the plot in Figure 5 was correct. 

• The elastic modulus of the dowel in the original AASHTO T 253 model file was set at 11E6 

psi rather than 29E6 psi. It is possible that the file parameters reflected a sensitivity test and 

that the actual value used to develop the plot in Figure 5 was correct. 

• The model of the original AASHTO T 253 test designated the “donut” region surrounding 

the concrete as “damaged concrete” that would deform nonlinearly with increasing stress. 

The model of the modified test treated the “donut” region as concrete with linear elastic 

behavior and providing support to the dowel as a spring interaction (compression only, no 

tension). 

• The original AASHTO T 253 test model divided the dowel and “donut” region into several 

segments (with breaks at every model boundary, including dowel ends and joint faces). The 

modified AASHTO T 253 test model was greatly simplified with only three segments per 

dowel, including one that bridged the joint completely for each dowel. 

• The meshing used in each model was judged to be suboptimal, with some unnecessarily 

elongated and/or flat elements and some mismatched nodes (resulting from rapid changes in 

mesh fineness between elements). 

Both models were revised and refined to address the potential deficiencies identified. Revisions 

included the following: 

• Use of the correct load (4,000 lb) and dowel elastic modulus (29E6 psi) in the model of the 

AASHTO T 253 load-deflection test. 

• Replacement of the “damaged concrete” elements with linear elastic concrete and spring 

interaction support of the dowel (compression only) in the AASHTO T 253 load-deflection 

test model. 

• Use of the simplified three-component dowel modeling in both models. 

• Remeshing of both models to improve element geometry and improve mesh fineness 

transitions to reduce the incidence of mismatched nodes. 

Finite element analyses were run over a range of K values for both models and standard load 

conditions (i.e., 4,000 lb for the original AASHTO T 253 test model and 9,000 lb for the 

modified test model). Table 5 and Figure 14 present tabular and graphical summaries of the 

predicted relative deflections for the original and updated models for the AASHTO T 253 test. 
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Table 5. Comparison of predicted relative deflections versus K for AASHTO T 253 load- 

deflection test using updated and original FE models 

K (psi/in.) 

Relative Deflection, mils 

Updated Model Original Model 

300,000 7.94 16.44 

600,000 5.08 9.94 

900,000 3.98 7.55 

1,200,000 3.37 6.29 

1,500,000 2.98 5.51 

1,800,000 2.71 4.97 

 

 

Figure 14. Graphical presentation of data from Table 5 

Recalling that CTLGroup’s average result for the AASHTO T 253 tests was 2.5 mils and that a 

typical assumed value for K is 1.5E6 psi/in., the updated model appears to slightly overestimate 

measured deflections (2.98 mils versus 2.5 mils) but is far better than the original model 

prediction (5.51 mils). 

An additional analysis run was performed using the updated AASHTO T 253 model with K = 

1.5E6 psi/in. and with the load increased to 6,000 lb. The estimated average relative deflection 
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was 4.55 mils, which is approximately 50% higher than predicted for 4,000 lb of loading (as 

expected) and again slightly overestimates the average measured relative deflection of 3.6 mils. 

Table 6 and Figure 15 present the results of similar finite element analyses using the updated 

model for the modified AASHTO T 253 load-deflection test. Recalling that CTLGroup’s average 

result for the modified AASHTO T 253 tests was 2.05 mils (first test location only) and that a 

typical assumed value for K is 1.5E6 psi/in., the updated (simplified) model comes closer than 

the original model (6.91 mils versus 9.52 mils) but still greatly overestimates measured test 

results. 

Table 6. Comparison of predicted relative deflections versus K for modified AASHTO T 

253 load-deflection test using updated and original FE models 

 Simplified Model – Relative Deflections (in.) 

K (psi/in.) Bar 1 Bar 2 Bar 3 Bar 4 Bar 5 Bar 6 Bar 7 Bar 8 

300,000 22.76 14.33 5.97 -2.34 16.19 7.85 -0.44 -2.34 

600,000 13.75 8.84 3.67 -1.43 9.95 4.81 -0.28 -1.43 

900,000 10.19 6.69 2.78 -1.08 7.52 3.63 -0.21 -1.08 

1,200,000 8.21 5.51 2.28 -0.89 6.19 2.98 -0.18 -0.89 

1,500,000 6.91 4.75 1.97 -0.77 5.33 2.56 -0.15 -0.77 

1,800,000 5.98 4.22 1.74 -0.68 4.73 2.27 -0.14 -0.68 

 

 Original Model – Relative Deflections (mils) 

K (psi/in.) Bar 1 Bar 2 Bar 3 Bar 4 Bar 5 Bar 6 Bar 7 Bar 8 

300,000 24.17 14.59 5.74 -2.56 16.41 7.74 -0.44 -8.38 

600,000 15.74 9.30 3.55 -1.67 10.42 4.81 -0.29 -5.16 

900,000 12.46 7.24 2.69 -1.32 8.09 3.69 -0.23 -3.92 

1,200,000 10.66 6.12 2.23 -1.13 6.83 3.08 -0.20 -3.25 

1,500,000 9.52 5.40 1.94 -1.01 6.02 2.69 -0.17 -2.82 

1,800,000 8.72 4.90 1.73 -0.92 5.47 2.42 -0.16 -2.53 
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Figure 15. Graph of relative deflection versus K for the modified AASHTO T 253 load-

deflection test for the original and updated finite element models (data for Dowel Bar 1 

only [under the applied load] from Table 6) 

Modeling the Test Procedure 

There is one difference between the actual test conditions and the conditions modeled in the 

finite element program: support of the two end slabs or blocks in each test. The finite element 

model assumes an absolutely rigid foundation; the slabs tested at CTLGroup were placed on a 1 

in. thick layer of plywood to provide uniform support of the slab on the laboratory floor 

(assuming that the slab bottoms might have some irregularities from casting and that the floor 

might not be perfectly level and planar). The plywood support of the end blocks can be seen in 

Figures 16 and 17. 
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Figure 16. Photo of AASHTO T 253 test setup in CTLGroup laboratory 

 

Figure 17. Photo of modified AASHTO T 253 test setup in CTLGroup laboratory 

The potential effects of this plywood layer on relative deflection measurements were considered 

during the test program planning and were considered negligible because (1) the compressive 

pressure in the plywood would be low (distributed over a large area by the concrete blocks) and 

(2) any plywood deformation that resulted in deflection of the fixed end blocks would simply 

increase the total deflection of the unsupported center block as well, with the relative deflection 

remaining approximately constant. 

It is possible that the compression of the plywood at the joint edge allowed enough joint rotation 

to affect the measurement of relative deflection. Additional specimen casting and testing on steel 

plates could be performed to determine whether plywood compression somehow reduced 

measured relative deflections.  
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CONCLUSIONS 

• Load-deflection testing performed using the AASHTO T 253 setup produced reasonably 

repeatable results under all loading conditions. 

• Load-deflection testing performed using the modified AASHTO T 253 setup exhibited test 

sequence bias with increasing deflection measurements at each succeeding load position for 

both specimens. Finite element analysis indicates that the proposed load configuration and 

magnitude likely result in excessive dowel loads and bearing stresses (nearly double those of 

the standard AASHTO T 253 test) that induce increasing amounts of dowel looseness with 

each successive load application. Therefore, only data from the first load application on each 

modified test specimen were used for test validation purposes in this report. 

• Another potential contributor to the apparent test sequence bias is the movement of the 

specimens during testing (i.e., repositioning of the specimen rather than repositioning of the 

load actuator). 

• The original 2016 finite element models greatly overpredicted observed relative deflections 

for both test configurations. Modifications that were made to the models in 2021 greatly 

improved their apparent accuracy, especially for the original AASHTO T 253 test 

configuration. 

• Remaining differences between model predictions and actual test values may be due (at least 

in part) to the use of thick plywood support layers in the testing laboratory to eliminate 

irregularities and nonuniform contact between the specimen bottoms and the support floor. 
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RECOMMENDATIONS 

• Modified AASHTO T 253 testing should be reconfigured to develop approximately the same 

shear load transfer in the critical dowel as is present in the standard AASHTO T 253 test (i.e., 

2,000 lb). This would be accomplished with a base load of (2,000 / 3,736) * 9,000 ~ 4,800 lb 

for the modified test (and approximately 7,200 lb for the optional increased load level). 

o Adopting the 4,800 lb load for the modified test procedure to produce a 2,000 lb load in 

the critical dowel (like in the standard AASHTO T 253 procedure) would justify the use 

of the same load-deflection threshold as the current AASHTO T 253 test (i.e., 10 mils or 

0.25 mm) and would eliminate the potential for overstressing the concrete, which was 

likely a major cause (possibly the only cause) of the observed test sequence bias. 

Eliminating this bias would provide four data points per test specimen rather than the 

single data point found useful in this experiment. 

o Laboratory testing should be repeated with this reduced load level to confirm the 

expected behavior. 

• Future testing should be performed on a truly rigid foundation (i.e., steel or concrete rather 

than plywood over concrete) to determine whether the plywood is in any way responsible for 

deflection measurements that were lower than predicted by the updated finite element 

models. 

• Future modified AASHTO T 253 testing should be performed by moving the actuator to the 

different load positions rather than repositioning the specimen under a fixed actuator 

position. This would eliminate the possibility that specimen handling during repositioning 

increases dowel looseness and relative deflections during load testing. 

• After the modified test protocol (i.e., reduced load, rigid foundation, no specimen movement) 

has been validated, testing should be expanded to include 1.5 in. diameter epoxy-coated steel 

dowels (which are more common than the 1.25 in. dowels used in the standard AASHTO T 

253 test). 

• Testing should also be expanded to include tests of specimens containing dowels with 

alternate materials and structural configurations that have been tested under dynamic load- 

deflection test protocols (e.g., tubular steel dowels, FRP dowels, etc.). This would help to 

further validate the proposed test and provide data for correlating static and dynamic test 

results. 
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