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INTRODUCTION 

The main objective of this study was to evaluate the load transfer efficiency for 

longitudinal joints with and without keyways.  In order to satisfy that objective, test sections 

were built as part of a newly constructed concrete pavement on SR 9A in Jacksonville, Florida.  

The pavement cross section consisted of 318 mm (12.5 inches) of concrete on top of 152 mm (6 

inches) of granular base materials.  The embankment/ subgrade thickness was 1219 mm (48 

inches).  The test sections had two lanes and shoulders.  The distance between the joints tested 

and the free edge was 22 feet.  Figure 1 shows typical keyway and non-keyway joints.  Keyway 

and non-keyway joints had number 4 tie bars with a spacing of about 14 inches in compliance 

with the FDOT Jointed Plain Concrete Pavement Design Manual.  The slip form paver used to 

construct the pavement had a mechanical device to insert tie bars automatically.  It should be 

emphasized that the test results in this report represent joint performance of newly constructed 

roadway prior to the application of any traffic.  The joints performance may change due to the 

repeated traffic applications in the future. 

DATA COLLECTION 

After finishing the construction of the experimental sections and prior to opening the 

pavement to regular traffic, deflection measurements were collected on 20 slabs with Keyway 

joints and 20 slabs without Keyway joints.  All deflection measurements were performed with 

the Florida Department of Transportation (FDOT) Falling Weight Deflectometer (FWD).  The 

standard 550 Kpa which corresponds to the standard axle load was used in all FWD testing.  

Testing was done at two locations of every test slab.  As shown in Figure 2, one of the testing 

location was near the centers of the slabs while the other was near the corners of the slabs.  The 
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deflection testing was performed twice at all locations.  Once in the early morning (a.m.) and a 

second time late in the afternoon (p.m.).  The difference in temperature between the two testing 

times was 30E F.  The above testing combinations resulted in eight data sets as shown in Table 1. 

DATA ANALYSIS 

After collecting all the necessary data, the deflection measurements were normalized to 

reflect the standard load of 565 Kpa.  The analysis was then performed in three steps.  The first 

step consisted of calculating the load transfer efficiency across the longitudinal joints at each test 

location.  The following simple equation was utilized in these calculations: 

E = (P5 / P1) * 100 ...........................(1) 

  Where: 

E:  The efficiency of load transfer across the joint. 

P5:  Deflection from sensor # 5 (see Figure 1). 

P1: Deflection from sensor # 1 (see Figure 1). 

The second step in the analysis consisted of plotting the deflections for keyway versus 

non-keyway joints.  Statistical analysis was then performed in the final step of the analysis.  The 

following sections describe these steps in detail. 

LOAD TRANSFER EFFICIENCY 

Equation 1 was utilized in calculating the load transfer efficiencies at all locations.  Table 

2 shows the standard deviation, average, highest, and lowest load transfer efficiency values for 

each data set.  It is clear from Table 2 that all data sets had on the average high load transfer 

efficiencies which is expected for a newly constructed pavement section.   
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DEFLECTION PLOTS 

The deflection measurements from sensors number 1 and 5 were plotted for various 

testing conditions to visually compare the deflections from keyway and non-keyway joints.  

Figures 3 and 4 show how most deflection measurements obtained at mid slabs were lower for 

the keyway joints.  On the other hand, Figures 5 and 6 show no particular trends for the 

deflections at corner locations.   

STATISTICAL ANALYSIS  

The statistical analysis consisted of performing the t-test on the various data sets to 

determine the effectiveness of keyway joints.  The analysis was first performed on the load 

transfer efficiency of keyway versus non-keyway joints.  Similar analysis was later performed on 

the deflection measurements from sensors 1 and 5.  The following sections summarize the 

findings from this analysis. 

Effect of Keyways on Load Transfer Efficiency 

The load transfer efficiency of keyway joints were compared to the non-keyway joints 

statistically.  Table 3 shows the results from the t-test including the critical and calculated 

t values.  The calculated t values must be higher than the critical values in order to conclude that 

the data sets compared are different.  It is clear from Table 3 that regardless of testing conditions 

(time of day or testing location), Keyway and non-keyway joints provided similar load transfer 

efficiency. 

Effect of Testing Time on Load Transfer Efficiency 

The t-test was also performed to determine if testing time (a.m. vs p.m.) Would affect 

load transfer efficiency.  The results from the analysis are summarized in Table 4.  It is clear 

from Table 4 that in two out of the four cases, the efficiency of load transfer was affected by the 
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testing time.  In all four cases, the load transfer efficiencies were less when tested in the 

afternoon.  However, only in two cases the differences were significant statistically.  The 

reduction in load transfer efficiency is most likely due to the curling of the slabs. 

Effect of Testing Location on Load Transfer Efficiency 

Another factor that might influence the load transfer efficiency is the location of testing.  

The t-test was performed to compare the load transfer efficiency at the two testing locations.  

Table 5 summarizes those results which indicate that in three out of the four cases, the testing 

location affected the load transfer efficiency.  These load transfer efficiencies are normally 

higher at mid slabs than at the corners of the slabs. 

Effect of Keyways on Deflection Measurements 

The final factor that was examined in this study was the effect of Keyways on the 

deflection measurements from sensors 1 and 5.  Table 6 shows the average deflection values for 

various testing conditions.  It is clear from Table 6 that average deflection measurements for 

keyway joints were less than those for non-keyway joints.  The percentages of reduction in 

deflection were higher than 10 percent for all mid slab testing locations.  The t-test was 

performed on the deflection measurements to determine if the differences were significant 

statistically.  Table 7 summarizes the results from the t-test. Keyway joints resulted in 

statistically less deflection measurements for all mid slabs testing conditions.  Keyways were not 

as effective in reducing deflections at corner locations.   

Although deflection measurements at mid slabs of keyway joints were about 10 to 15 

percent less than the deflections at non-keyway joints, these percentages are far less than the 

fluctuations in deflection measurements due to testing at different time of the day.  As shown in 



6 
 

Table 8, the p.m. deflections can be about 40 percent less than the a.m. deflections.  Therefore, 

the relatively smaller 10 to 15 percent reduction in deflection due to keyway joints may not be as 

effective in increasing the service life of the pavement especially that no real reduction was 

achieved at the weaker corner locations.   

Additional analysis was performed on FWD deflection measurements at the heavier loads 

of 750 KPa and 900 KPa.  Keyways seem to offer more friction at longitudinal joints which can 

result in reducing deflections due to heavy loading.  As shown in Table 9, keyways were 

significantly more effective in reducing deflection due to the heavier loads only in the a.m. hours 

and slightly less effective in the p.m. hours.  The reduction in deflections at keyway joints was as 

high as 20 percent due to the heavy load of 900 KPa which corresponds to a 29,000 lbs axle.  

CONCLUSIONS 

The main objective of this study was to evaluate the effectiveness of longitudinal joints in 

concrete pavements with and without keyways.  All tests were performed on newly constructed 

pavement before opening to traffic.  The State Materials Office will continue performing FWD 

testing and condition evaluation of the sections with and without keyways to determine the effect 

of traffic on the performance of joints.  The following conclusions can be drawn based on the 

testing and analysis performed up to date: 

a. The statistical analysis performed indicated that keyway and non-keyway joints 

provided statistically similar load transfer efficiencies. 

b. Load transfer efficiency will vary in some cases due to temperature fluctuations.  The 

curling of the slabs may have caused those variations. 
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c. The efficiencies of load transfer at mid slabs are higher than the corners of the 

slabs.  The lower load transfer at the corners may be due to the absence of tie bars 

in the immediate vicinity of transverse joints.  

d. Deflection measurements taken at early morning and mid afternoon differ 

significantly especially at the corner locations due to induced slabs curling.  

e. Using keyway joints resulted in reducing the deflection measurements at the 

standard 565 KPa FWD load for mid slab test locations only.  However, 

deflections at keyway as well as non-keyway joints were very low making such 

reduction insignificant. 

f. Keyway joints were more effective in reducing deflections of the heavy 900 KPa 

FWD load during the a.m. testing time and less effective during the p.m. testing 

time. 

g. Although keyway joints did not increase the load transfer efficiency of 

longitudinal joints, they resulted in reducing the deflection of concrete slabs.  The 

continuous monitoring of the test sections with and without keyways will show if 

the reduction in deflection will result in extending the service life of the 

pavement. 
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Mid Slab Testing. 

 

 
Corner Slab Testing. 

 

1:  FWD Loading Plate and Sensor 1 Location. 
2 Through 7: Locations of Other Sensors. 
All Sensors Are At 305 mm (12") Spacing. 

 
 

 
Figure 1.  FWD Testing Arrangements of Concrete Slabs. 
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Table 1. The Eight Data Sets Included in The Study. 
 
 

Data Set # Joint Type Testing Time Loading 
Location 

1 Keyway A.M. Mid Slab 

2 Keyway A.M. Corner 

3 Keyway P.M. Mid Slab 

4 Keyway P.M. Corner 

5 Non-Keyway A.M. Mid Slab 

6 Non-Keyway A.M. Corner 

7 Non-Keyway P.M. Mid Slab 

8 Non-Keyway P.M. Corner 
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Table 2. Descriptive Statistics of Load Transfer Efficiencies for Various Data Sets. 
 
 

Data Set 
# 

Highest Value Average Value Lowest Value Standard 
Deviation 

1 100 95 64 9 

2 100 94 89 3 

3 100 95 88 4 

4 100 87 58 9 

5 100 97 90 3 

6 100 93 81 4 

7 99 94 86 3 

8 100 91 75 6 
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Table 3. Results from T-Test Analysis on Keyway Versus Non-Keyway Joints Under Different 
Loading Conditions. 

 
 

Testing Time Testing Location tcritical tcalculated Results 

A.M. Mid Slab 2.02 1.06 Equal 

A.M. Corner 2.02 .75 Equal 

P.M. Mid Slab 2.02 .88 Equal 

P.M. Corner 2.02 1.43 Equal 
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Table 4. Results from T-Test Analysis on The Effect of Testing Time (a.m. Versus p.m.) On 
Load Transfer Efficiency. 

 
 

Joint Type Testing Location tcritical tcalculated Results 

Keyway Mid Slab 2.02 .05 Equal 

Keyway Corner 2.02 3.36 Different 

Non-Keyway Mid Slab 2.02 3.12 Different 

Non-Keyway Corner 2.02 1.72 Equal 
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Table 5. Results from The T-Test Analysis on The Effect of Testing Location On Load Transfer 
Efficiency. 

 
 

Joint Type Testing Time tcritical tcalculated Results 

Keyway A.M. 2.02 0.6 Equal 

Keyway P.M. 2.02 3.56 Different 

Non-Keyway A.M. 2.02 3.02 Different 

Non-Keyway P.M. 2.02 2.25 Different 
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Table 6. Average deflection Measurements from Sensors 1 and 5. 
 
 

Sensor # 1 Sensor # 5 Testing 
Location 

Testing 
Time Keyway Non- 

Keyway 
Percentage 
Difference 

Keyway Non- 
Keyway 

Percentage 
Difference 

Corner A. M. 153 156 1.9% 144 146 1.3% 

Mid Slab A. M. 85 96 11.5% 80 94 14.5% 

Corner P. M. 89 92 3.2% 77 83 7.2% 

Mid Slab P. M. 67 79 15.2% 64 74 13.5% 

 



20 
 
 
 
 
 
 
 

Table 7.  T-Test Results on Deflections from Keyway Versus Non-Keyway Joints Under 
Different Testing Conditions. 

 
 

Testing Time Testing Location Sensor # tcritical tcalculated Results 

A.M. Mid Slab 1 2.02 3.38 Different 

A.M. Mid Slab 5 2.02 7.14 Different 

P.M. Mid Slab 1 2.02 7.9 Different 

P.M. Mid Slab 5 2.02 8.9 Different 

A.M. Corner 1 2.02 .74 Equal 

A.M. Corner 5 2.02 .34 Equal 

P.M. Corner 1 2.02 1.26 Equal 

P.M. Corner 5 2.02 3.24 Different 
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Table 8. Percentages Change in Average deflection Measurements from Sensors 1 and 5 Due to 
Testing at A. M. Versus P.M. 

 
 

Sensor # 1 Sensor # 5 Testing 
Location Keyway Non- 

Keyway 
Keyway Non- 

Keyway 

Corner 42% 41% 46% 43% 

Mid Slab 21% 18% 20% 21% 
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Table 9. Percentage Reduction in Deflection Measurements Due To The Addition of Keyways 
At Various FWD Loads. 

 
 

Sensor # 1 Sensor # 5 Testing 
Location 

Testing 
Time 565 KPa 750 KPa 900 KPa 565 KPa 750 KPa 900 KPa 

Corner A. M. 1.9% 2.6% 9.6% 1.3% 1.9% 10.8% 

Mid Slab A. M. 11.5% 13.7% 19.8% 14.5% 14.3% 20.1% 

Corner P. M. 3.2% 5.5% 2.7% 7.2% 7.8% 6% 

Mid Slab P. M. 15.2% 12% 11.3% 13.5% 12.7% 10.7% 

 

 



23 
 

 

 

 

 

 

 

 

 

APPENDIX 

 



 
APPENDIX 

 

Falling Weight Deflectometer 

 

AM Keyways Position 0.2 550, 750 & 900 kPa ...................................  A1-3 

 Non-keyway  0.2 550, 750 & 900 kPa ...................................  A4-6 

AM Keyways Position 0.6 550, 750 & 900 kPa ...................................  A7-9 

 Non-keyway  0.6 550, 750 & 900 kPa ...................................  A10-12 

 

PM Keyways Position 0.2 550, 750 & 900 kPa ...................................  A13-15 

 Non-keyway  0.2 550, 750 & 900 kPa ...................................  A16-18 

PM Keyways Position 0.6 550, 750 & 900 kPa ...................................  A19-21 

 Non-keyway  0.6 550, 750 & 900 kPa ...................................  A22-24 
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