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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

ThesisDirector: Dr. Hao Wag

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 theafitsthe
AREA method and the Graphical NEBBACK solution were primary backcalculation
methods The input condition taken into the backcalculation was a field dakeafry
Weight Deflectometer (HWDjoundup project in theNational Airport Pavement Test
Facility (NAPT) in Atlantic City, NJ. Initially, the sensitivities of the deflectibased load
transfer efficiency (LTE) were evaluated. Subsequently, the backcalculated layer moduli
were compared with the lab test data. Those layer moduli were thkedags the input
parameters for the overlay design usiRgderal Aviation Administration Rigid and
Flexible Iterative Elastic Layered Design (FAARFIEL®)analyze their influences on the
designed overlay thickness. In the second pantte Element Aalysis Federal Aviation
Administration(FEAFAA) was selected as a tool to investigate the stvased joint load
transfer efficiency under various input scenarios including variations in the temperature

gradients of slab, landing gear configurationsfitafirections, and slab thicknesses.



The analyzed data from HWD test illustrated several findings. Firstly, the
deflectionbased LTE was found sensitive to several factors including the assessed
position, the amount of load level, test direction, ardattjacensupportof the evaluated
slab. Secondly, the backcalculated elastic modulus obtained by the AREA method was
closely matched to the lab test data whereas the-BWGK seemed to be overestimated.

The backcalculated modulus of subgrade reactrmmfboth methods was significantly
greater than lab test data because they were assumed akgered systenn which the
property of lower layer represented both the base and the subgrade layers. Thirdly, the
overlay thickness calculated by differenethods was clearly dissimilar to each other.

Moreover, the FEAFAA results demonstrated certain results. Firstly, the critical
stresdocation for the slab loaded at the corner was more sensitiée¢oent scenarios
than those at the edge. Secontie combination of temperature gradient and the thickness
of the slab predominantly influenced the critical tensile stress and thelsisess L TE of
the slab. Thirdly, the value ofratio between the critical stress okkb and the -&lab
pavement sstem (S9/Sl)varied differently to different scenariosTherefore, the
assumption in FAARFIELD that the 25 percent reduction on edge stress accounting for the

load transfer may not tmiitableunder some circumstance.
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CHAPTER 1

INTRODUCTION

1.1 Problem of Statement

Transportation infrastructurénas literally considered asone of the crucial
foundations ohationaldevelopment irevery country. It hascontributel to the growthin
economic and social benefitsmany terms Well maintainel roadways reducéévehicle
operating costs, accident ratesd benefit people in rural communiti@urningham &
Stankevich, 2005)Therefore, the operations maaintain and prolong roadways should be
prioritized.

One way to rtendtermsof pavement lifds overlayingpaving materials otop of
existing pavementProperoverlay thickness desigrouldmaximize operational pavement
life and lowe the road administration costs and road user dddikolaj, Remek, &
Macula, 2017) Therefore, lhe overlay design procedure reqgsithe accurate input
parameterswhich ould be achieved bgnevaluation of existing pavement condition and
awell-understanding in thgensitivityof the pavementesign parameters

Theoretically, theFalling Weight DeflectometerFWD) has beerdong used to
measurehe surfacedeflectiors of the pavemensubjectto the impulse loadeneratedy
the FWD machineby which the measured deflectiomgere backcalculated tabtainthe
modulws of pavement layer§Stubstad, Jiang, & Lukanen, 2006)hese bacicalculated

parametersverethe input parametergquiredfor the design of the overlaySincea non



destructiveevaluation of the structural capacity and baalculated modulus of the
existing pavement hdseen extensively usethevariations resulted from variodactors
such as the teshachinestested directios) tested locatios, and temperature gradiesit
should be carefully cosideredastheymight affect thebackcalculatedesults. Therefore,
the sensitivity of this evaluation method should th&en into accounbecause the
imprecision of the backalculated pavement propertiesutd misleadthe overlay ife.

Apart from thebackcalculatednoduli, the joint load transfdrasalso beerone of
the inputparametes requiredfor overlay design.It could be computedn two different
ways eitheby thedeflection raticor the stress ratio between the loaded and unlcsdisl
The Federal Aviation Administration (FAAspecified a constant value @b percent
reductionon free edge stress, which accounted for the load transfereen slabs ithe
airfield pavement degn software (FAARFIELD).However the response of the airfield
rigid pavementwas highly complex sincét was influenced by various factors For
instance Armaghani et al. (1987) found that temperature variation caused the slab to curl
in different diretions which introduced additional stresses to the concrete slab. Therefore,
the curing in the concrete slab caused noticeable changes in the mechanical stress of the
slabh Also, the load transfer capability of joimhight not be corsistentat different
conditions Thus, the consequersaf using aconstantalue as codednput in theairfield

rigid pavementlesignwereneecakdto be investigated



1.2 Objective and Study Scope

This research mainly focuden two issues Firstly, the backcéculation of tre
airfield rigid pavementwas evaluated Secontly, the rigid slab responséscluding the
joint load transfeunderdifferentaircraft loadingconditionswereinvestigated

Numerous related literature reviem the variation®f the backcalculaed elastic
moduli of the airfieldrigid pavement, and the definition and sensitivities of joint load
transferwereprovided

In the first partthe Heavy Weight Deflectometer data framo devicesFAA
KUAB and ERDC Dynatesttested atthe roundup project in the National Airport
Pavement Test Facility in Atlantic City, New Jersegs selected as the field dataed in
the analysis ofleflection and backcalculated modulConsequently, the backcalculated
moduli were employed in the overlay design of rigid pavement handled by FAARFIELD.

The second paxoncentraté primarily on theanalysis of stress resposseving
to different types of aircraft landing gearsln addition, the abovementionedthe
comparisons between the critical stress on the single slab and multiple slab syatems

exploredat different scenariogsingfinite element analysis

1.3 Organization of Thesis
Therewerefive chapters in this thesas follows;
Chapter 1

A brief description obackgroundand scope of this thesigs provided



Chapter 2
A summarizedliterature reviewrelated onbackcalculation methodsind their
variations in the rigid pavementere presented. Additionally, the definition and the

influencing factorsf the load transfer efficienay jointed plain concrete pavemenére

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

includingthe finite element analysis tool, the cracking failn@de, and the overlay design
software (FAARFIELD) were demonstrated.

Chapter 3

A sensitiviy of nondestructive evaluation dhe rigid pavementvas evaluated
basng on the HWD tested data provided by the FAEomparisons between the two
backcalculationmethod and the lab test data were providedonsequently, Hose
backcalculatedayer moduliwere usedfor the overlay design using FAARFIELD to
validatetheir effectson the designed overlay thickness.

Chapter 4

Comprehensive analysisigoint load trarsfer of airfieldrigid pavementesponse
usingdifferent inputs of landing gear configuration, slab terapge gradient, and slab
thicknesswere employed by the FEAFAA programThe pavement responses including

the critical tensile stress at the bottondan 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 strelsased load transfer efficiency were illustrated and discussed.
Chapter 5
Conclusions oranalysis findingsand recommendations for further reseanere

revealed and discussed



CHAPTER 2

LI TERATURE REVI EW

There were twaignificantcomponents in this researdmalysis of backcalculated
moduli and joint load transfegfficiency of airfield rigid pavement The first part was
mainly related to the utilization of the backlculation method in orddo calculate the
elastic modulus of the rigid pavemaentiile the second one was conducted to extensively
investigate the swsitivities of joint load transfer of the airfield rigid pavement using the
finite element analysis.

Even though the baetalculation methods have been used to fzadkulate elastic
modulus of pavement from FWD (Falling Weight Deflectometer)/HWD (HaA\eyght
Deflectometertest for decades, there were some limitations in these methods. This review
interpreted the details related to the +twstructive deflection tests. It also illustrated the
affecting factors of baekalculated results, including tleéfect 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 efficieweye described

In the last part, the review on a@fd rigid pavement response analysis and design

methodwere provided ncl udi ng t woeFEAFAAENGFAARBIELDwWar e



2.1 Backcalculation of Rigid Pavement

According to Burningham and Stantevich (2005), a demand for pavement
maintenance around theovid was relatively high. Unfortunately, many countries have
spent less than half of the appropriate spendmtheir roadways since it has been very
challenging to deal with their constraint budget available.

Recently, pavement overlays on the topelagf the existing pavement structure
has been an alternative way of extendiagementife. Neverthelessthe evaluation of
the existing pavement's structural capacity was inevitably required for a proper overlay
design.

Currently, nondestructiveeflection test has been one of the most convenient tools
to evaluate pavement structural capacity. There was a wide range of nondestructive
deflection testing devices availabkich as Falling Weight Deflectometer (FWD),
Automatic distress survey, Traffspeed deflectometer, GPR, etc.

As widely recognized, the benefits of using FWD consisted of the preservation of
integrity in existing layers. The outcomes from tiwetrdestructive testingNDT) could
be applied in many aspects as follogihottempudi, 2010)

1 The backcalculation of moduli of subgrade reaction and elastic moduli of
both flexible and rigid pavements.

1 Theestimation of load transfer capability of the transverse and longitudinal
joints in rigid pavements

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

1 The design of overlay thickness for pavement rehabilitation



2.1.1 Backcalculation Algorithms

Vari ous baygpd sc udnfat hwaehrse igm wlewmdi ng -AREA,
BACK, -FBets,t | LLI BACKet BAIKEAA al gorithms exti
each othecal clihatbdckesults obtained from
b e c atuhsew epmae nt model s, solution search proc
criteria were di s giFmwial a&r Sien.iAsabgdir ,dail2gy0r@i)da hE
(2008) , some available backcalcul ati on me
foll ows.

AREA method has been one of the methods
basin obtained Iftr eamppHF WER & a¥edslituetgigoanarodf t he
resting on dense | i guAREAopadametoar fdwas tthie
area of wdhdfclhe adteinared t he i nfl vendca tf rwam tah e
parameter used i(n otamenibaeckc al9d®Wwl)at i on

NUSBACK was one tlfliat hex mettdaddisn both a c
a graphi cTahe scdllousteidsm. uti on was wused, and t
either the dense | iquiAd compeallt@®gt ive r-so loind c
BACK3, the met hosd pfroorg rsaonh uvta so nt ieny @&nha lsy sit ®
including the el astic solid subgrade model
consi der elda yaesr as ytswoe m. It simply required
cal cul ate t hrea gstdi fpfarveesnse naf atnhde subgr ade.

Li ke the AREAFimetmetdho®ewas al so one o
empl oyed Wesdelrgtaiaonm fiomr tthhee a m@ kKelra koan ol voi acdh

Mc Peak, & T.ayaHqgwev erD,0 Otphfef eBeesdt a meelslu rneadt c |



and calcul ated deflection ©baes$iestbenauseert
point by point, whiBcAhCKwas similar to the N
| LLI BACK was tiH®orenarlaickstal clud favld aayne rmet h
systemi d paeseemeopsd by loanni iBleanagd h993
| LLI BACK wparso vfiidresdt liyn a DOS bAseducioanlpup @ir |
|l LLI BACK was that it concerned on the rel
stiffness to a ratOmceftmeasadieds deff | eelt a
the | ayer moduli were then calcul ated.
BAKFAA was @&vedfotpwar dydt he Federal Avi a
purpose was provided for the backcal cul ati
BAKFAA was abnasietderbaacikocnal cul ati on program
sof ttwarTehe comput addmen hyn iLtEArFatwialssg t he mir
the generated defl ections and actual def |
iteration process were given by the adjus
Consequently, thehemodufpetds mondul hewlkeaekc¢al
Guo and Marsey (2012rxascogdadstaddetl @aat it
concsgsleal® was not equal to the elastic mod.¢
They explaineal tcluatat tevthes mmabak wWls rect | y pres
property since it also included &emel 9syedct
i n thealbaclkati on. -t efshteece froexeyl tthewdrado not ¢
c alme comp arhe d-haad ldaad elkd v al ues.
Besi,déedhere were variadcwsulmdtiloondofi milga dk

modul i . These methods were different fro



boundary conditions. For exampl e,cttihoen ARE
basins in its cal efultatpiroonc,e dwhreer emaast cthheed bdaesf
i n telseii matTihem ef or e, the outcomes attained

di vergent .

Fwa and Setiadji (2006) studied the comparisdowfbackcalculation algorithms
including two versions dLLIBACK , NUSBACK, and LTPP bedit method. they found
numerous factors effecting the results of the algorithms mentionedel@nentwas the
sensor configurationthe number of sensors and the locatiohselected sensors. When
the actual pavement system did eotirelybehave 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 thdte critical difference betweehe ILLIBACK algorithms
and the LTPP besit method was their deflectiematching requirement. The bdit
method illustrated a lower degree of errors tHANBACK since it had a less stringent

point in matching of defleémns.

2.1.2 Effect of Load Level

Khazanovich et al. (2000) proved thhe load magnitude did not influence the
backcalculated resultprovided the load level was sufficient. Moreover, the study
conducted by Kim and Park (2002) showed that the linear behavior of subgradeasoils
terminatedvhen the load level of greater than 12 kips was applied.

Chou and Lytton (1991kuggestedthat 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 levidis.
influences of load levels on the backcaloetatmodulus 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 increaisibel the

backcalculated modulus of the sandy clay €ased 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 backcalculation results found that some input parameters required by the back
calculation algorithms includg Poisson's ratios, layer thickness, load configuration, error
tolerance, the maximum number of iterations, and the bedrock depth significantly affected
the backcalculated results. They mentioned that when the assumption of the bedrock
depth markedly elviated from the actual valuggnificanterrors in matching the computed
and actual deflections usually appeared. Moreover, they found that the error occurred in a
thin slab (%in.) was considerably higher than that shown in the thiskady(5-in) since,
thethinner layer was more sensitive to the input parameter.

Briggs and Nazarian (1988)udiedthe effects of unknown rigid subgrade layer on
the backcalculation resultsThey found that the error input aigid layer depth could
negatively affecthe value of the bae&alculated pavement moduli when the assumed
bedrockdepthwas equal to or more than the doudeountof the actuabedrock depth

The effects of the mistakenly assumed rigid layer depths on thechbxtkation
under the loading pta and at 7z2nch offset from the loading plate were illustrated in

Figure 2.1 and Figure 2.2 respectivélyhenthe ratio of the actualepthand assumed
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depth was lower than 0.5, the baxMculated deflection was likely to deviate from the
actualdefledion. 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

respectiely.

2.14 Effect of Layer Thickness
Another study conducted by Maieaal.(1998) mentioned about the effect of the
error input of layer thickness on the batMculated layer moduli. It was concluded that
theinput slab thickness lower than the actual value would haver@ significaneffect
on the bacicalculated moduli than thaput slab thickness higher than taetualvalue.
However, the error input of base layer thickness had less significant effects on th
backcalculated moduli than those of slab thickness. Additionally, Maina claimed that the
backcalculated moduli on the base layererelatively insignificant by the errors in layer

thickness.
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FIGURE 2.1 Effect of mistakenly assumed rigid layer deths on backcalculated
deflection under loading plate(Briggs & Nazarian, 1989)
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deflection 72inch offset from loading plate(Briggs & Nazarian, 1989)
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FIGURE 2.3 Effect of mistakenly assumed rigid layer depths on the bae&alculated
modulus of surface layen(Briggs & Nazarian, 1989)
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FIGURE 2.4 Effect of mistakenly assumed rigid layer depths on the bae&alculated
modulus of base laye(Briggs & Nazarian, 1989)
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2.1.5Effect of Joint Type and Spacing

Shoukryet al.(1999) evaluated the performance of baakculation in the rigid
pavement using a finite element model and found that not only the spacing between
transverse joints that affected the baekculated results but also the typejaiht that
playeda vitalrole in the bacicalculated outcomesdn their study, the surface deflection
basins measured by the FWD machinedoweledandundoweledslabswere compared
with the deflection basins generated by finite element model. The results indicated that the
slab spacing did not influence the surface defletiarnen the slabs were sufficiently
doweled,as shown in Figure 2.5. The main reason was thataweledbars were able to
adequatelyransfer the stresses to the adjacent slabs.

However, when the concrestabs weraindoweled 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 withrideweledcondition
was considerablyolwer than the measureeflectionin thedoweledcondition Moreover,
there wadesscontinuity ofdeflectionfrom the center of the slab to the transverse joint in
theundoweledslabs

The difference between the first and the last sensor deflectioeased when the
slab length increased (Figure 2.6). Consequently, the-dacldlated moduli obtained
from different slab lengths of the wwloweled slab were significantly differefitom each

other, as illustrated in Figure72.
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(Shoukry et al., 1999)

2.1.6 Effect of Temperatureand Slab Curling
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FIGURE 2.8 Daily variation in back-calculated k-value (Khazanovich et al., 2000)
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FIGURE 2.10Relationship between load anaorner 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 theslab causetby the temperature differences at the top and bottom of the
concrete b. The positive temperature gradient was assigned whéentiperaturen 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 waofatio
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 increas€lde main reason walse fluctuation of theeflectons
at the joint and the corner of the slab during the daélie maximumdeflectionat the
transverse joint and theorner of a slab were profoundly influencedy the negative
temperaturgradientsdecause the contact area between the slab and the base was reduced

by the curlingup behavior introduced by the negative temperature gradient.
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2.2 Load Transfer Efficiency in Rigid Pavement

American Association of State Highway Transportation Officisd&\SHTO
(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 (LTi#as also calleds thgoint load transfer equivalency

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

2.2.1 Definition of Load Transfer Efficiency

Generally, when traffic loadsere appliedo one slab imultiple slab pavements,
some portions of the loads were transferred to djecant unloadedlabs Therefore, the
deflections and stresses along the jointsudtiple slab pavements were noticeably lower
than those in theingleslab pavement or slabwith a free edge. The lower values in the
deflectionsand stresses couitebreferredto the influence of load transfer efficiency (LTE).

According to Khazanovich and Gotlif (2003), LTE could be determined based on
either deflection or stress. For deflectioased analysis, LTRas been defineak the ratio
between theeflectionat the joint of the unloaded slab and the maximum deflection at the
joint of theloadedslabas shown in Equation 2.Whereas for stredsased analysis, itas
been defineds the fraction between the matching stress at the joint of the unislabbed

andthe maximurnstressat the joint of théoadedslab,as shown in Equation 2.2.
|
4 4 fﬁ!_-' b é.é6.¢é.6é6é Eq.

S-u-4%" b  ggéé.6.6.. Eq.

g - im =

H r
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The Federal of Aviation Administration abbreviated FABederal Aviation
Administration, 216)defined the LTE as the ratio of the edge stress of the unloaded slab
and the maximum flexural stress on the free edge condition tdatledslah Moreover,
according to the FAAOGSs -6&)dtheeffeiencypfloaditransfei | ar (|
through the joint wasufficientto reduce the free edge flexural stress in concrete slab by
25 percent and coded i n FAARRELD).pSequentbynt des
Guo (2003) found that for a concrete slab with no curling and warping corsglitienfree
edge bending stress of theadedslabwas equal to the summation of tlemdedand
unloadedstressee n t he joint of JPCP. Therefore, r

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

cnotmm &, no tW W

4 d Qo
UL Ty

peé. é.. Eq. 2.

Furthermore, FAA (2011) mentioned that the relationship between LTE determined
from deflections and stresses was mwdr implying that the conversion from deflection
based LTE to stredsased LTE might be required to investigate the influence of load
transfer on the pavement structuferom the conversion chart in Figure 2. the stress
based LTE of 25 percent wasuad| to the deflectiofbased 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 transfaight be inappropriate. They found that in winter, LTE

value was random and should rm definedas a single constant value. They also
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mentioned that LTE wasignificantlyaffected by such various variables as slab thickness,
joint spacing, temperaturéhe stiffness of subgradetc

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 indicgtitnat 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.
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FIGURE 2.11 Deflection vs stressbased LTE for 12inch 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 concerneey fdund that the LTE on
the approach slabas deviatedrom the LTE on the leave slab. Alsthe differences
between the LTE evaluated on the approach slab and the leaatosiglithe longitudinal
joint was considerably higher th#me deviationglong with the transverse joint due to the
loading history because the aircraft gefaesjuentlytraveledon one slab sidparallel to
the longitudinal joint as shown in Figure 2.IThey explained that the deviations between
the approach slab and the leave slab along the transverse joint weltsesanadle the traffic
usually took place in kilirectional line. Therefore, the loading history on the approach
slab and leave slab along the transverse joint were almost identical to each other.
Furthermore, ey found the remarkable reduction of the LTE on the cornslabfand
summarized that it couldebcaused by eithéhe loss of sulibase support at th@rneror
the scarcity of dowel bars near ttarner

Additionally, they mentioned that the LTE in thgid pavementvas profoundly
influencedby the combination of curling effects and expansion eomtraction effects
caused by the changes in temperature. Figur8saBd 2.8 showed that the load transfer
efficiency would actually increase as the air temperature rose up. The relationship between
the LTE and the air temperature cobkldescribedby 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).
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FIGURE 2.13 Relationship between air temperature and the load transfer efficiency
along the transverse joint(Foxworthy & Darter, 1986).



25

Slab No, Symbol
| o

Joint Load Transfer Efficiency (%)

2 v
k) o
4 a
0 | | | | | | | |
30 40 50 60 T0 80 90 100 1o 120

Air Temperature (°F)

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 slabction as shown in Figure 2.1but they were nonlinear
to each other at edges and corners oftale This nonlinearity could be described by the
upward curling of the concrete slab during October that led to the noticeable increase of
deflections at jointand corners as shown in Figure@.1

Additionally, they deliberately mentioned that the L-f@io of unloaded and
loaded deflections might be sensitive to traffic direction anccaoectly reflectedjoint
behaviors. Unlike the load transfer capabi(lty D), the sum of the twdeflections(SD)
was likely to be constant for both traffic directiomsdit could monitor the effect of
temperature on the joint performance. In Figur@,aHe left columns were the mean ratios
of LTDs among the high and\wsets of different tested direct®while the right columns

were the ratios of the SDs between the highlandsets. 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 tb high andow groups weresubstantiallydifferent.

Furthermore, as the season changed, the SD followed the trend of the changes in
the slab caused by tloerling characteristics of thelab, with no effects from the dummy
and dowels. Also, the sum of different deflections on the loaded and unloaded sides could
be usedas an indicator of the relative degree of slab culiBignchini, 2013)

Sadeghi and Hesami (2018) used the FEM to observe the sensitivity of the LTE in
jointed plainconcrete pavements (JPCP). It was actually found that the LTE of the JPCP
significantly increasedhen the elastic modulus and the thickness of the concrete slab and
base layer increased. Besides, the coefficient of the friction between the concsgtadlab

limited effect on LTE.
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FIGURE 2.15 Cross-sectional of tested pavemeniGuo & Marsey, 2012)
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2.2.3 Effect of Slab Size on Pavement Performancand Load Transfer Efficiency

Guo (2000) evaluated the effectsstdb size on the performance of rigid pavement
for the airfield. Theoretical analysis and the airport survey Wata conductedh his
research, and the analytical results showed that the maximum total stresses caused by
combinations of aircraft loadingith different temperature gradients in tlaeger slabs
were higher than the maximwtressefound nthesmallerslabs 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 thedoadd responses.
However, when the temperature variatiarese consideredith slab size, theemperature
stresses introduced in the larger shaye highethan thosen the smaller slbs 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. th®mother hand, the LTE
decreased when the slab size increased with negative temperature gradient.

A statistical analysis of field survey datas also provided in the study survey
of 288 million square feet of the pavement for the airfield facilftie® 174 airports in the
United States and Japamas 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 obtsenvaf the type, extent, and severity
of pavement surface distresses. Then, a numerical indicator from the worst to the best
ranging from O to 10@vas providedo evaluate pavement condition. The results showed
that the smaller slabs had higher pavengamidition index thardid the largerones,as

shown in Figure 284
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TABLE 2.1 Maximum total deflections, transverse stresses, and load transfer index
for a 50,000 Ibs. singlevheel load(Guo, 2000)



