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ABSTRACT OF THE THESIS  

 

ANALYSES OF BACKCALCULATED LAYER MODULI AND JOINT LOAD 

TRANSFER EFFICIENCY OF AIRFIELD RIGID PAVEMENT  

by APIDEJ SAKULNEYA 

Thesis Director: Dr. Hao Wang 

 

 This study was aimed to analyze the sensitivity of the backcalculation of layer 

moduli and the joint load transfer efficiency of airfield rigid pavement.  

 The analyses were designed comprising two main methods.  In the first part, the 

AREA method and the Graphical NUS-BACK solution were primary backcalculation 

methods.  The input condition taken into the backcalculation was a field data of Heavy 

Weight Deflectometer (HWD) round-up project in the National Airport Pavement Test 

Facility (NAPT) in Atlantic City, NJ.  Initially, the sensitivities of the deflection-based load 

transfer efficiency (LTE) were evaluated.  Subsequently, the backcalculated layer moduli 

were compared with the lab test data.  Those layer moduli were then applied as the input 

parameters for the overlay design using Federal Aviation Administration Rigid and 

Flexible Iterative Elastic Layered Design (FAARFIELD) to analyze their influences on the 

designed overlay thickness.  In the second part, Finite Element Analysis Federal Aviation 

Administration (FEAFAA) was selected as a tool to investigate the stress-based joint load 

transfer efficiency under various input scenarios including variations in the temperature 

gradients of slab, landing gear configurations, traffic directions, and slab thicknesses. 
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 The analyzed data from HWD test illustrated several findings.  Firstly, the 

deflection-based LTE was found sensitive to several factors including the assessed 

position, the amount of load level, test direction, and the adjacent support of the evaluated 

slab.  Secondly, the backcalculated elastic modulus obtained by the AREA method was 

closely matched to the lab test data whereas the NUS-BACK seemed to be overestimated.  

The backcalculated modulus of subgrade reaction from both methods was significantly 

greater than lab test data because they were assumed as a two-layered system in which the 

property of lower layer represented both the base and the subgrade layers.  Thirdly, the 

overlay thickness calculated by different methods was clearly dissimilar to each other.    

 Moreover, the FEAFAA results demonstrated certain results.  Firstly, the critical 

stress location for the slab loaded at the corner was more sensitive to different scenarios 

than those at the edge. Secondly, the combination of temperature gradient and the thickness 

of the slab predominantly influenced the critical tensile stress and the stress-based LTE of 

the slab.  Thirdly, the value of ratio between the critical stress of 9-slab and the 1-slab 

pavement system (S9/S1) varied differently to different scenarios. Therefore, the 

assumption in FAARFIELD that the 25 percent reduction on edge stress accounting for the 

load transfer may not be suitable under some circumstance. 
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CHAPTER 1 

INTRODUCTION  

 

1.1  Problem of Statement 

Transportation infrastructure has literally considered as one of the crucial 

foundations of national development in every country.  It has contributed to the growth in 

economic and social benefits in many terms.  Well maintained roadways reduce the vehicle 

operating costs, accident rates, and benefit people in rural communities (Burningham & 

Stankevich, 2005).  Therefore, the operations to maintain and prolong roadways should be 

prioritized. 

One way to extend terms of pavement life is overlaying paving materials on top of 

existing pavement.  Proper overlay thickness design could maximize operational pavement 

life and lower the road administration costs and road user costs (Mikolaj, Remek, & 

Macula, 2017).  Therefore, the overlay design procedure requires the accurate input 

parameters, which could be achieved by an evaluation of existing pavement condition and 

a well-understanding in the sensitivity of the pavement design parameters. 

Theoretically, the Falling Weight Deflectometer (FWD) has been long used to 

measure the surface deflections of the pavement subject to the impulse load generated by 

the FWD machine by which the measured deflections were back-calculated to obtain the 

modulus of pavement layers (Stubstad, Jiang, & Lukanen, 2006).  These back-calculated 

parameters were the input parameters required for the design of the overlay.  Since a non-
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destructive evaluation of the structural capacity and back-calculated modulus of the 

existing pavement has been extensively used, the variations resulted from various factors 

such as the test machines, tested directions, tested locations, and temperature gradients 

should be carefully considered as they might affect the back-calculated results.  Therefore, 

the sensitivity of this evaluation method should be taken into account because the 

imprecision of the back-calculated pavement properties could mislead the overlay life.   

Apart from the back-calculated moduli, the joint load transfer has also been one of 

the input parameters required for overlay design.  It could be computed in two different 

ways either by the deflection ratio or the stress ratio between the loaded and unloaded slabs.  

The Federal Aviation Administration (FAA) specified a constant value of 25 percent 

reduction on free edge stress, which accounted for the load transfer between slabs in the 

airfield pavement design software (FAARFIELD).  However, the response of the airfield 

rigid pavement was highly complex since it was influenced by various factors.  For 

instance, Armaghani et al. (1987) found that temperature variation caused the slab to curl 

in different directions which introduced additional stresses to the concrete slab.  Therefore, 

the curing in the concrete slab caused noticeable changes in the mechanical stress of the 

slab.  Also, the load transfer capability of joint might not be consistent at different 

conditions.  Thus, the consequences of using a constant value as a coded input in the airfield 

rigid pavement design were needed to be investigated.   

 

 

 

 



3 

 

 

1.2 Objective and Study Scope 

This research mainly focused on two issues.  Firstly, the backcalculation of the 

airfield rigid pavement was evaluated.  Secondly, the rigid slab responses including the 

joint load transfer under different aircraft loading conditions were investigated.  

Numerous related literature review on the variations of the back-calculated elastic 

moduli of the airfield rigid pavement, and the definition and sensitivities of joint load 

transfer were provided.  

In the first part, the Heavy Weight Deflectometer data from two devices-FAA 

KUAB and ERDC Dynatest- tested at the round-up project in the National Airport 

Pavement Test Facility in Atlantic City, New Jersey was selected as the field data used in 

the analysis of deflection and backcalculated moduli.  Consequently, the backcalculated 

moduli were employed in the overlay design of rigid pavement handled by FAARFIELD. 

The second part concentrated primarily on the analysis of stress responses owing 

to different types of aircraft landing gears.  In addition, the above mentioned the 

comparisons between the critical stress on the single slab and multiple slab systems were 

explored at different scenarios using finite element analysis.  

 

1.3  Organization of Thesis 

There were five chapters in this thesis as follows; 

Chapter 1 

A brief description of background and scope of this thesis was provided. 
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Chapter 2 

A summarized literature review related on back-calculation methods and their 

variations in the rigid pavement were presented.  Additionally, the definition and the 

influencing factors of the load transfer efficiency in jointed plain concrete pavement were 

interpreted.  Furthermore, reviews on the airfield rigid pavement response analysis 

including the finite element analysis tool, the cracking failure mode, and the overlay design 

software (FAARFIELD) were demonstrated. 

Chapter 3 

A sensitivity of non-destructive evaluation of the rigid pavement was evaluated 

basing on the HWD tested data provided by the FAA.  Comparisons between the two 

backcalculation methods and the lab test data were provided.  Consequently, those 

backcalculated layer moduli were used for the overlay design using FAARFIELD to 

validate their effects on the designed overlay thickness.  

Chapter 4 

Comprehensive analysis on joint load transfer of airfield rigid pavement responses 

using different inputs of landing gear configuration, slab temperature gradient, and slab 

thickness were employed by the FEAFAA program.  The pavement responses including 

the critical tensile stress at the bottom and on the surface of slab, the ratio between the 

critical tensile stress of multiple slabs and the critical tensile stress on the free edge of a 

single slab, and the stress-based load transfer efficiency were illustrated and discussed. 

Chapter 5 

Conclusions on analysis findings and recommendations for further research were 

revealed and discussed. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 There were two significant components in this research; Analysis of backcalculated 

moduli and joint load transfer efficiency of airfield rigid pavement.  The first part was 

mainly related to the utilization of the back-calculation method in order to calculate the 

elastic modulus of the rigid pavement while the second one was conducted to extensively 

investigate the sensitivities of joint load transfer of the airfield rigid pavement using the 

finite element analysis.  

 Even though the back-calculation methods have been used to back-calculate elastic 

modulus of pavement from FWD (Falling Weight Deflectometer)/HWD (Heavy Weight 

Deflectometer)-test for decades, there were some limitations in these methods.  This review 

interpreted the details related to the non-destructive deflection tests.  It also illustrated the 

affecting factors of back-calculated results, including the effect of temperature on edge and 

corner deflections, the effect of temperature on load transfer efficiency, and the sum of 

deflections.  Also, the definition and variations of load transfer efficiency were described. 

 In the last part, the review on airfield rigid pavement response analysis and design 

method were provided including two FAAôs software-FEAFAA and FAARFIELD. 
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2.1 Backcalculation of Rigid Pavement 

 According to Burningham and Stantevich (2005), a demand for pavement 

maintenance around the world was relatively high.  Unfortunately, many countries have 

spent less than half of the appropriate spending on their roadways since it has been very 

challenging to deal with their constraint budget available. 

  Recently, pavement overlays on the top layer of the existing pavement structure 

has been an alternative way of extending pavement life.  Nevertheless, the evaluation of 

the existing pavement's structural capacity was inevitably required for a proper overlay 

design. 

 Currently, nondestructive deflection test has been one of the most convenient tools 

to evaluate pavement structural capacity.  There was a wide range of nondestructive 

deflection testing devices available such as. Falling Weight Deflectometer (FWD), 

Automatic distress survey, Traffic speed deflectometer, GPR, etc. 

 As widely recognized, the benefits of using FWD consisted of the preservation of 

integrity in existing layers.  The outcomes from the non-destructive testing (NDT) could 

be applied in many aspects as follows (Thottempudi, 2010); 

¶ The back-calculation of moduli of subgrade reaction and elastic moduli of 

both flexible and rigid pavements. 

¶ The estimation of load transfer capability of the transverse and longitudinal 

joints in rigid pavements. 

¶ The detection of the existing of air voids below the slab. 

¶ The design of overlay thickness for pavement rehabilitation.  
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2.1.1 Backcalculation Algorithms 

Various types of back-calculation methods were given including AREA, NUS-

BACK, Best-Fit, ILLIBACK, BAKFAA, etc..  Their algorithms extinguished them from 

each other.  The back-calculated results obtained from each method were often different 

because the pavement models, solution search procedures, and deflection matching 

criteria were dissimilar in each algorithm (Fwa & Setiadji, 2006).  According to Ellis 

(2008), some available backcalculation methods and software could be described as 

follows. 

AREA method has been one of the methods that develop to deal with the deflection 

basin obtained from FWD testing.  It applied Westergaardôs solution of the loading plate 

resting on dense liquid foundation for the analysis.  AREA parameter was the normalized 

area of deflection which denied the influence from the load magnitude and it was a main 

parameter used in the backcalculation (Ioannides, 1990).   

NUS-BACK was one of the methods that existed in both a computer program and 

a graphical solution.  The closed-form solution was used, and the subgrade was considered 

either the dense liquid or elastic solid foundation.  A computer version called NUS-

BACK3, the method for solution in this program was the analysis of a three-layer system 

including the elastic solid subgrade model.  In a graphical version, a rigid pavement was 

considered as a two-layer system. It simply required only two or more deflections to 

calculate the stiffness of the rigid pavement and subgrade. 

Like the AREA method, Best-Fit method was also one of the methods that 

employed Westergaardôs solution in the analysis for the interior loading (Khazanovich, 

McPeak, & Tayabji, 2000).  However, the Best-Fit offered a well match between measured 
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and calculated deflection basins because its procedure matched deflections specifically 

point by point, which was similar to the NUS-BACK. 

ILLIBACK was the earliest closed-form backcalculation method for the two-layer 

system rigid pavements developed by Ioannides and his team in 1989 (Huang, 1993). 

ILLIBACK was firstly provided in a DOS based computer software.  A crucial point in 

ILLIBACK was that it concerned on the relationship between the radius of relative 

stiffness to a ratio of measured deflections. Once the radius of relative was determined, 

the layer moduli were then calculated.  

BAKFAA was a software developed by the Federal Aviation Administration.  Its 

purpose was provided for the backcalculation of layer moduli in airfield pavement. The 

BAKFAA was an iteration-based backcalculation program that operated by LEAF 

software.  The computation in LEAF was done by iterating the minimum error between 

the generated deflections and actual deflections.  Those generated deflections in the 

iteration process were given by the adjusted layer moduli in the pavement structure.  

Consequently, the modified moduli were the outputs in the backcalculation of BAKFAA. 

Guo and Marsey (2012) suggested that the back-calculated elastic modulus of 

concrete slab was not equal to the elastic modulus obtained from the laboratory tests.  

They explained that the back-calculated modulus was not directly present the material 

property since it also included the structural model and the boundary conditions employed 

in the back-calculation.  Therefore, the lab-tested results were not so good indicators that 

can be compared with the back-calculated values. 

Besides, there were various methods in back-calculation of rigid pavement layer 

moduli.  These methods were different from each other based on their theories, and 
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boundary conditions.  For example, the AREA method considered the entire deflection 

basins in its calculation, whereas the based-fit procedure matched deflection by each point 

in their estimation. Therefore, the outcomes attained from different methods might be 

divergent. 

 Fwa and Setiadji (2006) studied the comparison of four back-calculation algorithms 

including two versions of ILLIBACK , NUSBACK, and LTPP best-fit method. they found 

numerous factors effecting the results of the algorithms mentioned.  One element was the 

sensor configurations-the number of sensors and the locations of selected sensors. When 

the actual pavement system did not entirely behave as a perfect elastic system, the matching 

of computed and measured deflection basins did not provide the best outcomes in the back-

calculation analysis. 

 The results showed that the critical difference between the ILLIBACK  algorithms 

and the LTPP best-fit method was their deflection-matching requirement.  The best-fit 

method illustrated a lower degree of errors than ILLIBACK  since it had a less stringent 

point in matching of deflections. 

 

2.1.2 Effect of Load Level 

 Khazanovich et al. (2000) proved that the load magnitude did not influence the 

back-calculated results provided the load level was sufficient.  Moreover, the study 

conducted by Kim and Park (2002) showed that the linear behavior of subgrade soils was 

terminated when the load level of greater than 12 kips was applied. 

 Chou and Lytton (1991) suggested that the variations in load level did not 

significantly affect the average deflection matching error.  However, they also found that 
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the backcalculated layer modulus was differently affected by the load levels.  The 

influences of load levels on the backcalculated modulus also depended on the individual 

pavement structure and the material type of the layer.  For instance, the backcalculated 

modulus of the granular base increased as the load levels increased, while the 

backcalculated modulus of the sandy clay decreased as the load levels rose up. 

 

2.1.3 Effect of Bedrock Depth 

 Chou and Lytton (1991), in a comparative study on the accuracy and consistency 

of back-calculation results found that some input parameters required by the back-

calculation algorithms including Poisson's ratios, layer thickness, load configuration, error 

tolerance, the maximum number of iterations, and the bedrock depth significantly affected 

the back-calculated results.  They mentioned that when the assumption of the bedrock 

depth markedly deviated from the actual value, significant errors in matching the computed 

and actual deflections usually appeared.  Moreover, they found that the error occurred in a 

thin slab (1-in.) was considerably higher than that shown in the thicker slab (5-in) since, 

the thinner layer was more sensitive to the input parameter.  

 Briggs and Nazarian (1989) studied the effects of unknown rigid subgrade layer on 

the back-calculation results. They found that the error input of rigid layer depth could 

negatively affect the value of the back-calculated pavement moduli when the assumed 

bedrock depth was equal to or more than the double amount of the actual bedrock depth.  

 The effects of the mistakenly assumed rigid layer depths on the back-calculation 

under the loading plate and at 72-inch offset from the loading plate were illustrated in 

Figure 2.1 and Figure 2.2 respectively. When the ratio of the actual depth and assumed 
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depth was lower than 0.5, the back-calculated deflection was likely to deviate from the 

actual deflection.  Moreover, when the rigid depth ratio was lower than 0.5, the back-

calculated moduli of the surface layer and base layer could be nearly overestimated by 300 

percent and underestimated by 500 percent as depicted in Figure 2.3 and Figure 2.4 

respectively.  

 

2.1.4 Effect of Layer Thickness 

 Another study conducted by Maina et al. (1998) mentioned about the effect of the 

error input of layer thickness on the back-calculated layer moduli.  It was concluded that 

the input slab thickness lower than the actual value would have a more significant effect 

on the back-calculated moduli than the input slab thickness higher than the actual value.  

 However, the error input of base layer thickness had less significant effects on the 

back-calculated moduli than those of slab thickness.   Additionally, Maina claimed that the 

back-calculated moduli on the base layer were relatively insignificant by the errors in layer 

thickness. 
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FIGURE 2.1 Effect of mistakenly assumed rigid layer depths on back-calculated 

deflection under loading plate (Briggs & Nazarian, 1989). 

 

 

 
FIGURE 2.2 Effect of mistakenly assumed rigid layer depths on back-calculated 

deflection 72-inch offset from loading plate (Briggs & Nazarian, 1989). 
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FIGURE 2.3 Effect of mistakenly assumed rigid layer depths on the back-calculated 

modulus of surface layer (Briggs & Nazarian, 1989). 

 

 

 
FIGURE 2.4 Effect of mistakenly assumed rigid layer depths on the back-calculated 

modulus of base layer (Briggs & Nazarian, 1989). 
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2.1.5 Effect of Joint Type and Spacing  

 Shoukry et al. (1999) evaluated the performance of back-calculation in the rigid 

pavement using a finite element model and found that not only the spacing between 

transverse joints that affected the back-calculated results but also the type of joint that 

played a vital role in the back-calculated outcomes.  In their study, the surface deflection 

basins measured by the FWD machine on doweled and undoweled slabs were compared 

with the deflection basins generated by finite element model.  The results indicated that the 

slab spacing did not influence the surface deflections when the slabs were sufficiently 

doweled, as shown in Figure 2.5.  The main reason was that the doweled bars were able to 

adequately transfer the stresses to the adjacent slabs. 

 However, when the concrete slabs were undoweled, the slab spacing turned out to 

be one of the significant factors that affected the FWD deflection basins, as shown in Figure 

2.6.  Also, the maximum deflection at the center of the slab with the undoweled condition 

was considerably lower than the measured deflection in the doweled condition. Moreover, 

there was less continuity of deflection from the center of the slab to the transverse joint in 

the undoweled slabs.  

 The difference between the first and the last sensor deflections increased when the 

slab length increased (Figure 2.6).  Consequently, the back-calculated moduli obtained 

from different slab lengths of the un-doweled slab were significantly different from each 

other, as illustrated in Figure 2.7. 
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FIGURE 2.5 Effect of slab spacing on deflection basin in doweled condition 

(Shoukry, William, & Martinelli, 1999) . 

 

 

 
FIGURE 2.6 Effect of slab spacing on deflection basin in undoweled condition 

(Shoukry et al., 1999). 
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FIGURE 2.7 Effect of slab spacing on back-calculated moduli 

(Shoukry et al., 1999). 

 

2.1.6 Effect of Temperature and Slab Curling 

Khazanovich et al. (2000) mentioned that curling behaviors caused variation in 

back-calculated elastic modulus during the FWD testing instead of the differences caused 

by material properties alone.  They claimed that the stiffness of subgrade in the edge of 

the section tested at the end of the summer season was generally weaker than the results 

tested at the end of the winter season. Furthermore, they found a high variation of the 

subgrade stiffness and the elastic modulus of the concrete slab over the day. The highest 

modulus of subgrade measured in the morning was three times higher than the lowest 

value measured in the afternoon on the same day, as shown in Figure 2.8.  However, they 

mentioned that there was adequate friction at the center area of the slab while the slab was 

curling. Thus, the concrete slab might be in full contact with the base at the center area of 

the slab. 
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FIGURE 2.8 Daily variation in back-calculated k-value (Khazanovich et al., 2000). 

 

Moreover, the temperature variation might introduce the horizontal and vertical 

displacements in the concrete slab since the differences in temperature caused curling 

behavior in the slab (Armaghani, Larsen, & Smith, 1987).  The positive and negative 

temperature gradients caused a slab to curl in different ways, as shown in Figure 2.9.  

Therefore, shear and moment resistance along the edge and corner of the concrete slab 

were affected by the differences in temperature.  The variation in temperature also 

affected the stiffness of subgrade because the contact areas between the slab and the 

subgrade were disturbed when the curling occurred. 

 As illustrated in Figure 2.10, the corner deflection was noticeably high when the 

surface temperature of the pavement was much lower than the temperature beneath the 

slab.  This high deflection was owing to loss of subgrade support caused by the upward 

curling from temperature variation.  On a contrary point of view, when a slab was curling 

downward by the positive temperature variation, the stiffness of the slab (a ratio between 
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the load and deflection from line 4) increased due to the gaining in a contact area of 

subgrade support.  

 

 
FIGURE 2.9 Slab curling behaviors along a joint due to temperature variation 

(Armaghani et al., 1987). 
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FIGURE 2.10 Relationship between load and corner deflections of tested slabs with 

different temperature variations (Armaghani et al., 1987). 

 

 Another comprehensive study conducted by Zhao et al. (2018), focused on the 

deflection of the slab caused by the temperature differences at the top and bottom of the 

concrete slab. The positive temperature gradient was assigned when the temperature on the 

top was higher than the temperature at the bottom. For the negative temperature gradient, 

it was vice versa from the positive temperature gradient. They found that the variation of 

temperature marginally disturbed the deflection basin at the center of the slab.  

 However, when the positive temperature gradient exceeded a critical value, the 

center slab deflection also increased. The main reason was the fluctuation of the deflections 

at the joint and the corner of the slab during the day.  The maximum deflection at the 

transverse joint and the corner of a slab were profoundly influenced by the negative 

temperature gradients because the contact area between the slab and the base was reduced 

by the curling-up behavior introduced by the negative temperature gradient. 

 



20 

 

 

2.2 Load Transfer Efficiency in Rigid Pavement 

 American Association of State Highway Transportation Officials, AASHTO 

(1993) described joint performance of the concrete slab in terms of load transfer efficiency 

(LTE).  However, there have been several called terms of load transfer efficiency.  In some 

studies, load transfer efficiency (LTE) was also called as the joint load transfer equivalency 

(JTE), or load transfer capability (LTD). 

 

2.2.1 Definition of Load Transfer Efficiency 

 Generally, when traffic loads were applied to one slab in multiple slab pavements, 

some portions of the loads were transferred to the adjacent unloaded slabs. Therefore, the 

deflections and stresses along the joints in multiple slab pavements were noticeably lower 

than those in the single slab pavement or a slab with a free edge.  The lower values in the 

deflections and stresses could be referred to the influence of load transfer efficiency (LTE). 

 According to Khazanovich and Gotlif (2003), LTE could be determined based on 

either deflection or stress.  For deflection-based analysis, LTE has been defined as the ratio 

between the deflection at the joint of the unloaded slab and the maximum deflection at the 

joint of the loaded slab as shown in Equation 2.1. Whereas for stress-based analysis, it has 

been defined as the fraction between the matching stress at the joint of the unloaded slab 

and the maximum stress at the joint of the loaded slab, as shown in Equation 2.2. 

 

╛╣╔ 
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 The Federal of Aviation Administration abbreviated FAA (Federal Aviation 

Administration, 2016) defined the LTE as the ratio of the edge stress of the unloaded slab 

and the maximum flexural stress on the free edge condition of the loaded slab.  Moreover, 

according to the FAAôs advisory circular (No.150/5320-6F), the efficiency of load transfer 

through the joint was sufficient to reduce the free edge flexural stress in concrete slab by 

25 percent and coded in FAAôs pavement design program (FAARFIELD).  Sequentially, 

Guo (2003) found that for a concrete slab with no curling and warping conditions, the free 

edge bending stress of the loaded slab was equal to the summation of the loaded and 

unloaded stresses on the joint of JPCP.  Therefore, regarding the FAAôs advisory circular 

and the finding of Guo (2003), LTE could be defined as illustrated in equation 2.3.  

 

╛╣╔ 
Ɑ◊▪■▫╪▀▄▀
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ᶻ Ϸ éé.é.. Eq. 2.3 

 

 Furthermore, FAA (2011) mentioned that the relationship between LTE determined 

from deflections and stresses was nonlinear implying that the conversion from deflection-

based LTE to stress-based LTE might be required to investigate the influence of load 

transfer on the pavement structure.  From the conversion chart in Figure 2.11, the stress-

based LTE of 25 percent was equal to the deflection-based LTE ranging from 70 to 90 

percent suggesting that the variations relied on the radius of relative stiffness. 

 Previously in their study, Hammons et al. (1995) concluded that the rigidly assigned 

value of 25 percent load transfer might be inappropriate.  They found that in winter, LTE 

value was random and should not be defined as a single constant value.  They also 
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mentioned that LTE was significantly affected by such various variables as slab thickness, 

joint spacing, temperature, the stiffness of subgrade, etc. 

 With regard to their experiments based on different types of joints and conditions, 

it was found that the probabilities of the mean values of LTE less than 25 percent were 

ranged from 60 to 100 percent literally indicating that the overestimation of LTE in rigid 

pavement design would cause a significant decrease in the pavement life due to the 

insufficient design thickness from the FAARFIELD. 

 

 
FIGURE 2.11 Deflection vs stress-based LTE for 12-inch diameter load plate 

(Federal Aviation Administration, 2011). 
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2.2.2 Variation in Load Transfer Efficiency 

 Foxworthy and Darter (1986) convinced in their study that the direction and 

location effects on the LTE evaluation should be concerned.  They found that the LTE on 

the approach slab has deviated from the LTE on the leave slab.  Also, the differences 

between the LTE evaluated on the approach slab and the leave slab along the longitudinal 

joint was considerably higher than the deviations along with the transverse joint due to the 

loading history because the aircraft gears frequently traveled on one slab side parallel to 

the longitudinal joint as shown in Figure 2.12.  They explained that the deviations between 

the approach slab and the leave slab along the transverse joint were small because the traffic 

usually took place in bi-directional line.  Therefore, the loading history on the approach 

slab and leave slab along the transverse joint were almost identical to each other.  

Furthermore, they found the remarkable reduction of the LTE on the corner of slab and 

summarized that it could be caused by either the loss of sub-base support at the corner or 

the scarcity of dowel bars near the corner.  

 Additionally, they mentioned that the LTE in the rigid pavement was profoundly 

influenced by the combination of curling effects and expansion and contraction effects 

caused by the changes in temperature.  Figures 2.13 and 2.14 showed that the load transfer 

efficiency would actually increase as the air temperature rose up.  The relationship between 

the LTE and the air temperature could be described by a reduction in joint opening caused 

by the contributions of the aggregate interlock and the deflection resistance along the 

concrete surface at the joint.  
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FIGURE 2.12 Joint load transfer efficiency (Foxworthy & Darter, 1986). 

 

 

 
FIGURE 2.13 Relationship between air temperature and the load transfer efficiency 

along the transverse joint (Foxworthy & Darter, 1986). 
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FIGURE 2.14 Relationship between air temperature and the load transfer efficiency 

along the longitudinal joint (Foxworthy & Darter, 1986). 

  

 Guo and Marsey (2012) revealed that the load was almost linear to the deflection 

at the center location of the slab section as shown in Figure 2.15, but they were nonlinear 

to each other at edges and corners of the slab.  This nonlinearity could be described by the 

upward curling of the concrete slab during October that led to the noticeable increase of 

deflections at joints and corners as shown in Figure 2.16.  

 Additionally, they deliberately mentioned that the LTD-ratio of unloaded and 

loaded deflections might be sensitive to traffic direction and not correctly reflected joint 

behaviors.  Unlike the load transfer capability (LTD), the sum of the two deflections (SD) 

was likely to be constant for both traffic directions, and it could monitor the effect of 

temperature on the joint performance.  In Figure 2.17, the left columns were the mean ratios 

of LTDs among the high and low sets of different tested directions while the right columns 

were the ratios of the SDs between the high and low sets.  The chart clearly showed that 
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the ratios of SDs were almost consistent with the different traffic directions, while the 

LTDs between the high and low groups were substantially different.  

 Furthermore, as the season changed, the SD followed the trend of the changes in 

the slab caused by the curling characteristics of the slab, with no effects from the dummy 

and dowels.  Also, the sum of different deflections on the loaded and unloaded sides could 

be used as an indicator of the relative degree of slab curling (Bianchini, 2013). 

 Sadeghi and Hesami (2018) used the FEM to observe the sensitivity of the LTE in 

jointed plain concrete pavements (JPCP).  It was actually found that the LTE of the JPCP 

significantly increased when the elastic modulus and the thickness of the concrete slab and 

base layer increased.  Besides, the coefficient of the friction between the concrete slabs had 

limited effect on LTE. 

 

 
FIGURE 2.15 Cross-sectional of tested pavement (Guo & Marsey, 2012) 
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FIGURE 2.16 Deflection D0 at joints and corners (Guo & Marsey, 2012). 

 

 

 
FIGURE 2.17 Comparison of properties of sum of deflections and load transfer 

coefficient (Guo & Marsey, 2012) 

 

 

 



28 

 

 

2.2.3 Effect of Slab Size on Pavement Performance and Load Transfer Efficiency 

 Guo (2000) evaluated the effects of slab size on the performance of rigid pavement 

for the airfield.  Theoretical analysis and the airport survey data were conducted in his 

research, and the analytical results showed that the maximum total stresses caused by 

combinations of aircraft loading with different temperature gradients in the larger slabs 

were higher than the maximum stresses found in the smaller slabs.  Furthermore, the results 

showed that the slab width variations ranging from 15 to 25 feet did not significantly affect 

pavement performance when the analysis was considered only the load-induced responses.  

However, when the temperature variations were considered with slab size, the temperature 

stresses introduced in the larger slab were higher than those in the smaller slabs, as shown 

in Table 2.1.  Moreover, the relationship between load transfer efficiency, the slab size and 

the slab temperature gradient were found.  On one hand, the LTE increased only when the 

slab size increased with positive temperature gradient.  On the other hand, the LTE 

decreased when the slab size increased with negative temperature gradient. 

 A statistical analysis of field survey data was also provided in the study.  A survey 

of 288 million square feet of the pavement for the airfield facilities from 174 airports in the 

United States and Japan was taken.  The slab sizes were classified into three groups and 

independently investigated for pavement condition index (PCI), which was the evaluation 

of pavement condition based on inspection and observation of the type, extent, and severity 

of pavement surface distresses.  Then, a numerical indicator from the worst to the best 

ranging from 0 to 100 was provided to evaluate pavement condition.  The results showed 

that the smaller slabs had higher pavement condition index than did the larger ones, as 

shown in Figure 2.18.  
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TABLE 2.1 Maximum total deflections, transverse stresses, and load transfer index 

for a 50,000 lbs. single-wheel load (Guo, 2000).

 


