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deflections were investigatod in this study,

gidd pavements has been encountered,

POISIUTe Warping

rigid pavement

The ILLISLAR finite clement program was used for the analysis. Both dense guid and
elastic solid foundation options were analyzed. To allow the anabysis of a curted stab resting
on an elastic solid foundation, some proper corrections have been made and veritied. Two
additional dimensionless variables were identified for the curling etlects o elastic solid
foundation. Both doweled and undoweled joints were treated as having shear load transter
only. Many factorial finite element runs bave been carefully selected and conducted to oblan
generalized deflection databases. Prediction models for deflection adjustment factors were
devetoped using local regression technigues. Continuous research effort s still undenway to
develop an integrated backealculation program 1o facilitate the analysis of more practical rigid
paveinent backeateulation problems.
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v defieotion testing (NDT) devices bave boen widely adopted to obtain surface
Hection datn in order (o evaluate existing pavement conditions - backealoulation
procedures. HofTman and Thompson {1981} proposed the AREA concept to backeatculate
the modulus values of a vigid pavement system, loannides e/ of. (1989} indicated that there
exists u unique relationship between AREA and the radius of relative stiftness tor a given
load radius and pre-specified sensor fucations. Closed-form backealeulation procedures and
graphical solutions for concrete pavements with a single slab layer {oannides ef af. 1989,
foannides 1990, Li of af. 1996; Fwa ef af. 1998} are currently avaitlable, Lictal (Y997, 1998
further proposed a backealculation algorithm for inflnely large vigid pavemerts with two
slab layers through the use of an equivalent single slab layer based on the concept of
equivalent flexural rigidity. Hall (1991 solved Losberg’s defiection equation through direct
inlegration of Bessel functions using Microsoft FORTRAN IMSL fibrary and presented two
nonlinear regression models for the unique refaitonship between AREA and the radius off
refative stiffness using falling weight deflectometers (WD), This approach was adopted by
AASHTTO (1993) for the evaluation of existing concrete pavements and tor the design of
overlays. Crovetti (1994) further indicated that finite slab size, the locations of loading plate
(interios, cdge and corner of the slab), and the presence of adiacent staby or a tied concrete
shoulder may all allect pavement surface deflections.

s

Lin ef . {1998) validated the applicability of the backcalenlation formulation proposed by
all and Mohseni (1991} with measured deflections by a series of road rater tests and
predictions by the ILLISLAR program. The study was based on thie resalis of a pfot study on
(he structural characteristics and design of rigid pavements ior the construction of the Second
Freeway in Taiwan, Lee ef al. (1997, 1998} turther proposed 4 modified defiection ratio
procedure based on the principles of dimensional analysis for the backcaloulation ol conerete
pavements using vanous NDT devices, Le.. dynatlect, road rater, and FWD L Prediction
models were developed using the two-step modeling approach praposed by Lee and Darter
(1994b} for three different loading plate locations and implemented i a prototype
backeaiculation program (TKUBAK) for a finite single slab.

[t is noted. however, that in most practical cases the eflect of adjacent stabs should play an
important role for rigid pavement backcalculation under edge and corner loading conditions.
Extensive re-backcaleulation of general paverent study (GPS) fest sections of the long term
pavement performance (L'TPP) program (1997} was not very successtul. Particularly,
extreme difficulties in interpreting in situ deflection measurements ol rigid pavements has
been encountered using multi-layered elastic backcaleulation programs, probably due to the
effects of temperature curling, moisture warping and loss of subgrade support. Thus, the
effects of adjacent slabs and temperature curling on rigid pavement deflections will be further
investigated using plate theory approach.

CLOSED-FORM DEFLECTION EQUATIONS

Losherg { 19603 has provided the following equations for the detlection of a Portlund cement
concrete (PCC)Y slab resting on a dense lguid foundation (W inkler) snd an elastic solid

foundation under a unifermly distributed load:
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Where
w = surface deflection at any radial distance 7, [},
To. Iy = Bessel function of zero order and first order, respectively,

P dpphui load, [F1;

radius of the applied circular load, [L];

h = thickness of PCC stab, [L];

(= modified modulus of elasticity of the subgrade, [FL i

1= bending stiffness of the slab, [FLL

ks mméulm of subgrade reaction, [I1 1},

¥ mociuim of elasticity of the P( C slab and subgrade, 1_‘.%7‘{?""'};

= Polsson’s ratio of the PCC slab and subgrade; and

06, mdmsk of relative stiffness for Winkler foundation and elastic solid foundation, [L].
[ d‘ﬂd [1.] represent the dimensions of foree and length, respec Hvely

Based on the assumptions of an infinite or semi-infinite slab over & W Tnkler foundation,
Westergaard has also presented the following maximum deflection h] wations for three
cireutar loading conditions, Le., interfor, edge, and corner for a For sson’s ratio of 013
{Ioannides of uf JOBS):

> e Vo ¥
:L [ P4 —tin Lo !({{- ] ] Inerior Loadivg
8ﬂﬂ~} w2 )

Fodge Loading
(<)

Corner Loading

Where wo 1s the Westergaard’s maxinum deflection at the intestor, edge, and corner of the
slab. Furthermore, according to Losberg, the maximum duﬂuﬁmn at the center of an intenor
Joad For elastic solid foundation may also be expressed as follows:

- 2 ‘ :z \i

: . o ol & ]

1010245 - 0.0272) — | +0.0199) — | In g 5

‘. K,{,’ i (5)

Crovetti (1094) further proposed the following two equations Lo estimate the maximum
deflection of ag edue loading and a corner toading for elastic sclid foundation
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MOTMFHCATION AND VALIDATION OF FE PROGRAM

P
.

":r J

The ILLISLAR finite elemeni (F.E) program (Korovesis 1990) originally developed at the
University of Hlinois was used for the analysis due to s simplicity and proven accuracy. A
more realistic assumpiion of partial contact between the stab-subgrade interlace was allowed
and the sell-weight of the conerete slab was also considered. To allow the analysis ol a curled
slab resting on an elastic solid foundation, some necessary corrections have been made to the
original ILLISLAB codes using Microsoft FORTRAN PowerStation software package (1994)
to reflect minor syntax errors and dilferences between workstation and personal computer
versions. The analysis of loading plus curling on elastic foundaiion is not possible without
such, since all nodes are showing same deflections or usreasonable mmlm \\fhfhd ustng the
original codes. The validity of these modilications has been verifivd numerically and
graphically through extensive investigations of the structural response © "%}L%s"m:‘i'erri stics of the
finite element model under various loading and curling conditions {Sheu 19993 The
characteristics of slab deflections subjected to individual and combined effects of @ single-
wheel corner load and a temperature differential were also tnvestigated. The fundamental
diffrence of slab deflections in both Winkler and efastic sohid foundations was more
pronounced in the ¢ of foading plus seifaweight and self-weight only. Thus, 1118 noted
that the mote realistic assamption of partist contact between the slab-subgrade interface ag
well as the sell-weight of the concrete stab should be considered in the analysis of slab
deflections,

03

PARAMETER STUDY OF THE EFFECT OF TEMPERATURE CURLING

Since the center of the siab was assumed to be flat and the deflection was zero, Westergaard
(19263 dicd not explicitly consider the self-weight effect in bis deflection equation. However,
the effect of self-weight and the loss of subgrade support are inctuded i the ILLISLAB

model through an iterative procedure {Korovesis 1990). The detlection az the center is
determined by yh/k, where ¥ is the unit weight of the concreie slab, [FL” 1 To account for the
aforementioned theoretical difference, Lee wnd Darter {1994} identilied the folfowing two
dunensionless variables (D, and 1y} and a concise refationship for the combination effect ol
toading plus curling on Winkler foundation:

(7

{8)
s LR 71

A _:__:_‘Z.. "'L ﬁ, . ”I {9}
Ve ket

i
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thernal expansion coot

thickness, {1V, and [F

Similarly, there exists no s?nmd

forn sefution for the case M“%a;;;dx o plus curling an t*? Hia
sohd foundation, We will Barther :

ssume the exchangeability of the mechamstic v

using the principles of dimensional analysis, such as £ versus £, amcé P versus 5%, for
Winkler foundation and elastic foundation, respectively, Where 77 i the deflection faztor
identified by Lee and Dacter {19943, hus the same dimensios as length, and can be used as an

3sidim tor for the extent of foss of subgrade support. By taking the ratio of seltweight

. 3 ~ .
deflection versus .5/, the foltowing dimensionless parameter, Dy, was detined to represent
the relative deflection stifthess due to the selfoweight of the a,a,ar‘gt,n,i.t. sigb and the possible

loss of subuiade support:

Do (10)

1t was hypothesized that the resulting TLLISLAB deflection due to curling alone may be well
characterized by LA7,, Wit oAT, as well ag this additonal parimeter (D). While koopitg
ihe above four parameters constant but varying other pertinent npul parameters at the same
time, sixteen ILLISLAB funs were performed to validate this hypothesis. The TLLISLAL
dimensionless deflections (8/4,7) were numerically confirmed to be squal to each other as
aiven m Table 1

Table 1 identification of T, Factor for Curling Only on Elastic Foundati

AT ¢r H 5 Fe L W ‘. v Eefiocon vh
(Y LT f0 L e (ki () i b (md b i i} (10
p i 564 8 35 113248 1693 1 282 1 0145 00416 22,13%)43
it i .76 4 7.5 1§28 [EED R 5 A BRI ERIRE A} 4.0
1 il [5.53 3 #.5 2257 3385 ] A6 L G060 00613 {3,294
L0 Ll 18 44 z 9.5 1257 33851 A6 ) 0oy 00514 0,298
20 5.3 366 5 5.8 11re | meway 282 1 01350 G0dlG | 0296
208 85 5.70 4 T3 1128 W3 | 2821 139 00349 0,205
20 5.5 13,53 3 8.5 PN 338,51 304 | 0000 0013 £1.2949
20 55 14,44 2 2.5 225 3385 1 s6d | D037 (L0314 £.298
30 367 366 5 55 11z.8 o931 282 1 0145 3.0416 0,296
34 367 6. 70 4 7.5 1128 16935 1 282 1 0.139 (.0349 (.296
3 367 1553 3 85 1257 3385 1 364 1 0.060 00614 02499
0 3.67 18,444 2 a5 2357 338,51 5041 0047 003514 (.298
443 205 5050 3 55 1128 1693 ] 282 1 (LS L0440 0290
40 275 076 4 75 128 1603 282 1 4139 .0349 0,290
40 275 15,583 3 85 FRRT FIRG S04 | DUGO QOGER (1,209
41} 2.5 I 2 9.3 257 IS 1 364 ) D.OAT (0514 .298

Mote: L4, = 8 U W= 6.0, gAT = LIEOE and D, = 3O0BE-05 (1 in = 2 Sdam, L F = 540 70
psio= G4 kP, §pei = \P_'.?“fi fePadrm, Hibs = 4045 N

By the same token, this "deflection-ratio” concepl was applied agair in searching for avother
dimensionless parameter im the effect of an applied wheel loading on a curled slab duc 1o a
linear tomperatuse differential on elastic sohd foundation. Losherg’s deflection equation (!
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pacdhal distanoe {5 off or o/€) and normalized load radivs {ef or o sg yas follows

i L Winkler Fowsdodion
. A o
o= - & {11}
w({, i e ,
e e e ; Liastic Foundarion
or P
s e

The maximuin deflection can be represented by two parameters: of (, and 2P/C(). The
second one is a deflection facror, which s analogous to P/AE 1) and has the same dimension
as length, By taling the ratio of this deflection factor PAE ) versus Lo ", the foliowing
dimensionless parameter, Dy, which may be used as an rmimumi to represent the relative
deflection stiffness due to the external wheel foad and the loss of subgrade support

Dy, = e (12

\

Thus, it was also bypothesized that the following six dimensiontess parameters: aflt, LIE,
WP, oA, Dy and Dy would adequately deseribe the primary siruciural responses for the
combined effect of Moading plus thermal cwling. To numerically validate this bypothesis,
sixteen TLLISLAR runs were performed and summarized m T d%} fe 2.

Table 7 [dentification of Dy, Factor for Leading plus Curling on Blastic Foundation

AT € h & it L 54 4 ¥ o fefecion, Shés

CEN IR G e dhsed L ging | ang L ognd | el b V@Y e 1 (0
14 11 5.60 5 A AL I6D 3T 282 10145 654 1282 i‘fl.(}'?a--ééé 0.1y
£ I H.76 4 TALIIZEL GO ] 2R 0130 74T 282y 00370 | O3
1ék it 1353 3 8.5 12257133851 564 LO.OG0] 2950 { 564 00662 ) U3
G il 1844 Z G8 20R713ARAT A6 [ OOAT] TTTE S| 00554 L 03
20 35 500 5 SA D II2E 093] 2R 0145 o84 [ R R2| 04l 1039
2 A5 1 676 4 7R L1280 16950 287 L0139 14T [ 282 00370 | 651V
20 5.5 P5E30 3 8.5 L2258 71 338.5] 564 00601 29301 5640 000662 | 0313
24 5.3 18441 2 9.5 12235 71335.5) 564 {0.047] 27751 S6d) 00554 | 03N
RILIE R ) 3.06 3 55 L1128 1693 282 TO4A] 634 | 2827 00448 [ 031Y
30 3.07 6,76 4 FAOLPEZ8L 16930 282 UiBG MY | 2821 00376 0319
30 3.67 [E353) 3 85 | 22570 338,51 6.4 | 00607 2950 5.64[ 0.0662 | 0.323
30 36T 1is44) 2 05 122871 3485 564 | 0047 2775 | 5041 00534 ;0321
4 275 300 A 5 | pras] ie93t 282 101451 654 § 282 00448 (0319
40 275 1676 4 7.5 1128016931 282 [ 0130y 747 12821 0.0376 | 0319
40 275 113530 3 85 122571 338,31 564 | 0601 2050 | S04 00662 | 4.325
40 275 sy 2 9% 122371 338,51 S6.4 [ 00471 2775 | 5041 00554 10321

Mete: el = U F, L0, = 8.0, Wit 0.0, ol = LIE-04, Dy = 3 0BE-08, and Dy = A0E-05 {1 wm =
23 om, |- :‘%/‘} “{_“., 1 psi =069 kPa, { pei = 0271 kPa/muy, Hos = 445 Ny

While keeping these six parameters constant but changing any individual input variables, the
resulting ILLISLAB dimensioniess deflections {oh/¢ &Y were numericatly confirmed o be
equal 1o cach other. Consequently, the following refationship, which may well represent the
combined effect of toading plus thermal curfing on elastic solid foundation, was identified:

2 Interaeiional Sympostunt on Maintenance and Rehabilitalion of Pavemenis and Fechmolopical Control,
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PARAMETER STUDY OF THE EFFECT OF ADJACENT SLABD

The presence of adjacent slabs has a great impact on the defloction of ngid pavements,
especially for edue and corner loading conditions. However, due to some persistent probiems
in running the ILLISLAB codes for it tiple stabs on elastic mini éuundmims the following
numerical analysis is oaly hmited to slabs resting on Winkler foundation. Three loading
conditions, 1.e . corner, longitudinal edge and transverse edge loading, were analyzed for
doweled and undoweled pavements resting on Wiukle" foundation 'Hw pertment imput
gmmmumx are as follows: two adjacent slabs, finite slab length (L) = finite slab width (W) =~

5.73 m (18.8 f}, slab thickness h=23.0 cm (9.00 m_}, tre pressuce p = 0.9 MPa {100 psi},
hmdc radius ¢ = 28,66 em (11,28 in), u=0.15, BE=27.6 GPa (AE+006 psi),

The tesulting modulus of subgrade reaction k = 108.4 kPa/man (400 pai), aggregate interlock
factor AGG = 3 8UE+03 GPa (5.645-+08 psi). Properties of the dowel bars: dowel diameter
AL S mim (175 ) dowel modulus of clasticity = 248 GPa (3 6011407 psi), dowel spacing
w3048 cm (12 10, } dowel Poisson’s ratio = 0.25, dowel congcrete interaction DCE= 20,6 Glg

("’ f)%"" +06 psi). The width of joint opeming is assumed to be = 3. 6 mm (0,14 ).

results of mumm,di analysis and graphical i sslmpwmmn as given in Figure 1 showed that the
uiloaded stab had higher deflection than the other loaded slab, thereby contradicting with the
reality foy dmvci--i ainted p;-.zvcmmzlx. Note that only halt of the slab width was shown s
Figure He) and 1D due to synunetry foading

This pbservation also agrees very well with eatlier literature presented by Guao, ef al (1993,

10953 Based ont theoretical analysis and numerical examples, Guo, of /. have wmiudc i that
“the neglect of equilibrivm condition of the dowel-bar stiffhess matrix causes significant

differences in prediction of dowel-bar foroes and critical slab stresses” in the gavlier version of
JSLAB and the existing (LLISLAR FE programs. Consequently, a component dowel-bar
model has been developed and implemented in the JSLAB-92 program. However, with the
prevailing undersianding of in situ phenomena (Tabatabar and Barenberg, 1978), the effect of
adjacent slabs will be treated as hd\ ing pure shear load transfer (no moment transter) for both
doweled and undoweled pavements in this study.

According to earhier siudies wnducmd by loannides and Korovesis (1990, 1992), the
deflection load transfer efficiency (LTEg) is defined by the ratio of the deflection
measurements at the toaded () and unimdui {8y} side of the slab. Korovesis (1990} has
also proposed the following regression equation to backealculaie the in situ joint stiffhess ot
the aggregate interlock factor (AGG):

11T, = : (14)

G+ 0,012 AGGH ] o
&ff ]

Special research etforts have been conducted through numeric: al examples as well as
extensive search through the ILLISLAR codes for the effect of adjacent slabs in this study.

I Baternationad Svmposion on Maintenance and Retabilination of Pavemenls aind Technological Control
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Figure 1 Effects of Undoweled and Doweled Jomts on Slab Deflections

was noted that both doweled and undoweled joints share the same stilthess matrix t only pure
shear load transfer is considered. The same joint stiffness matrix was also used for both
Winkier and elastic foundations 1 the [LLISLAB codes. The normalized load radius {a/8)
has no eflect on the joint stiffness matrn, The offect of adjacent stabs can be determined by a

deflection adjustment factor (Ry), detmed as the ratio of the detlections on muhiple stabs
{04} and 2 single slab (8,) as follows:

o
ord oy . o , ) \ L - } o . )
P Internctional Svimpositon on Maintenanee opd Rehololibation of Pavemconis cond Technological Control,

Sudve 20 - August 1020010, Awbyrn, Alabamao, 1254




FOLTE S (15)

it is worth of mentioning that this deflection adjustinens factor (140 19 independent of

normalized toad radiug {zw’i’} and different foundation models, Lo
ibi.aizt_izm.c;w; A sevies of TLLISE AR FE runy were conduciod based
ranges, L= WS O af{ ----- D050 4, AGGA 00002 5~5
As thwz'i t i‘zgm ¢ 2, this curve may be well fitted by o second-d
COUation as;

nuree gmi .fmv“%m! FELTESEIon
Ry = 0992127 - 0.00806996 H{LTE 3+ 0.00003 178733 LTE, ¥ {i6)

In which, the number of observation (M) ts 150, the standard crror of estimate {(SEL) 15 0.0052;
and the coeflicient of determination (Resquared} 1s 8,999

1.4 .
M"‘m\w
IR Nm """"
’ i,
&
N R e
; it Vﬁi-uv\.,mmymﬁww
L
RS, §
. ]
|
[
(314 . J
Th g A0 i s gL

LR

Figure 2 Relationship of Dellection Adjustment Factor () versus LTEs

BEVELOPMENT OF PAVEMENT DEFLECTION DATADASES

With the two dimensionless parameters identified in tdus study, 1t 1s possible to develop
several generalized pavement deflection databases for future predictions and backcateulation
purposes. Many series of factorial finite element runs over a wide range of pavement desigos
have been carefully selected and conducted.

Fffect of Finite Slab Size
According to eartier studies using the principles of dimensional analysis, the offect of finite
slab size on deflection measurersents may be determined by:

_ & {a I W 1 ) fa 4w ‘
O I T S B | (17
i f"ih f ( [:» (; ! { } Li¥ »!’F}‘, o " f | {)‘., T.’,: ’ {: ‘ ’i -

L which, 8= TLLISLAB deflection, LT, Sw = Westergaard s moannam detlection equations
for Winkier foundation (interior, edge and corner), [L] 8 g = Masinum deflection

1§;
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eguniinns by 3.L.,w.~;'%"ﬂ"‘*'*;’ {intonory or Crovetls' s regressic
soltd foundanen, (LY and Bpw = Dellection adjustmen uuu; fon

¥

separate databuses tor the effect of finite slab size were developed for three loading
conditions, Le. interior, odge and comer loading, for both Winkler and elastic iuumiﬁi'ﬁ{;;ie:

3

The ranges of dimensiontess parameters were chosen ay folows L/Fs2-7 W/ i=2-77 and
o/ £ 3540 4

Elfect of Adjacent Slabs

As discussed eartier, the offect of adjacent slabs can be well charactorized by couation (16),
The factorial ILLISLAB FE runs were based oo the following deta ranges: LAF=W/ =8 0,
al =005~ 0.4, AGGE=0,00025~50004. This model can be used for both Winkler and elastic
foundations. However, no adjustment is needed for the case of interior loading on infinitely
large slabs.

Effects of Thermal Curling

It is worth mentioning that the results obtained from ILLISLAR F.E. analysis are theoretical
“absolute deflections”  However, these results are different froan the in sta deflection
measurements of a curled slab. For real world problems, the “relaive deflections” are
measured as the ditfference in deflection between the prior-to-loads ing and afier-loading

W

conditions The eftect of a curled slab on the
dt‘*immimi by the following relationship:

‘refative deflections” measured i fleld may he

(18)

Where, &0 = ILLISLAB deflections for loading plus curling, (L] 8y = TLLISLAR
detlections due to thermal curling, [L]; and Ry = Deflection adjustment factor for the effect of
acurled slab. heparate databases tor loading plus curling and curl msx aiom wetre developed
based on the fellowing ranges of dimensionless variables: 176 =217, /¢ A7, it

=000 oA T2 2H-04 ~ 22004, D | 8EA05 ~ 3 07E-05, J;»'-"x.r.,.)i:;{" ~ 60, 0E-035,

For ilfustration purposes, the complicated interactions among interior / corner loading,
thermat curling, and seif-weight of the slab are shown in Figure 3 for the case of a/£=0.05 and
W/£=2 .0, where dimensionless deflection is equal to Sh/¢”,

Considering an interior load applied on an infinile-sized slab {170 =17, W7 »*i?’} resting on
Winkler foundaiion, Figure 4 depicts the primary relationship among Ry, oAT, and /7 by
neglecting the ].)u:mf le intluence of Dy and Dy, Generally speaking, the fic:n.t of thermal
curhing on measured retative deffections s negligible for an wfinite-sized slab and when AT
C1OE-O4, Nevertheless, thus effect becomes more pronounced when a/f and oAT increase.

GN-GOING DEVELOPMENT OF AN INTEGRATED BACK-CALUYULATION
PROGERAM

Through the use of the princples of dinensional analysis and the identification of
I

dfernetioa! Nviiposivn an Mainlenonce and Rehabilitation of Povesonte and Techaslopical Control,
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Figure 4 Effect of Thermal Curling on Slab Deflections

dimensionless parameters, this study can cover more practical rigid pavement backealculation
problems. Diflerent backcalculation approaches have been developed that incorporate the
widely used AREA deflection basin concept and the moditied deflection ratio procedure (Lee
ef af. 1998). A prototype window-based computer program (TKUBAR) developed earlier
using the Microsofl Visual Basic 4.0 software package (1995) 15 currently valid for a single
stab and loading condition only, A closed-form backealeulation procedure, which closely
simulates the JLLIBACK program (loannides ef of 1989), was developed using FORTRAN
Powerbtation software package (Microsoft, Inc. 1994) in this study,

Application of Locally-Weighted Regresston (LOESS) Technigue
To model a multi-dimensional response surface so as 1o obtain more accurate predictions,
several popular modeling techmques have been considered. Ripley (1993 discussed many
statistical aspects of neural networks and tested it with several benchmark examples against
traditional and modern regression techniques, such as generalized diseriminam analysis,
projection pursuit regression, local regression, tree-based classificanon, ot Ripley

. 12
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conclided that i one sense neural setworks are fitde more than non.line: sio sl
atbed optimization methods “Two-layer networks can appresimiate arbiirary continuons
functions does not change the validity of wore direst approxumations sueh as statistical
smoothers, which certainly “learn” very much faster.” Viojection purseit rogression highlivhes
the value of differcntiated units and other teaiming schemes and offers computation shoricuts
through forward and backward selection.  Statistical and subjeci-relared knowledpe can be
used to gude modeling in most real-world problems and so euable much mors CONBVIRCING
generalization and explanation, in ways which can never be doue by ‘black-box” learning
systems (Ripley, 1993,

Ban attempt to nerease the accuracy of prediction models using projection pucsuit FeEression
technique {Lee and Darter 1994; Lee ¢/ af. 1997, 1 §98), the focally weighted regression
(LOESS) technique, an approack to regression analysis by local fitting developed by
Cleveland and Devlin (1988), was introduced in this study. The LOESS approach uses a
smoothing technique for fitting a nonlinear curve to the data potnts focally, so that any point
of the curve depends only on the observations ai that point and some specified neighboring
points. The number of neighbors (k) is specified as the percentage of the total number of
points or “span”. Local regression models provide much greater flexibility in fitting a multi-
cimensional response surface as a series of many sub-divided tegions with single smooth
tunctions of all the predictors. There are no restrictions on the cetationships among the
precdictors. Cleveland and Grosse (1991 provided computationai methods for local
regression. This algorithm is available in the S-PLUS statistical packase (Mathsoft, Inc,
1997} As currently implemented, locally quadratic models may have al most 4 predictor
vartables and locally Hinear models may have at most 15 predictors. The original FORTRAN
and € codes {or the LOESS algorithm can also be obtained from the fp site: e
research.aft.com.”

CONCLUSIONS AND RECOMMENDATIONS

The effects of Joad transfer and curfing on rigld pavement deflections wers investigated in this
study. To allow the analysis of a curled stab resting on an elastic solid foundation, some
proper corrections have been made. The effect of adjacent slabs was treated as having shear
[oad transfer only (no moment transfer) for both doweled and undoweled pavements, Two
additionat dimensionless variables have been identified and verified for the effsets of loading
plus curling for elastic solid foundation through parameter study using the principles of
dimensional analysis. Many series of finite element factorial runs over a wide range of
pavement designs have been carefully selected and conducted. Several generalized deflection
databases were developed for future predictions and backealeulation PUrposes.

A new regression technique, locally weighted regression (LOESS), was adopted in this study
in an attempt to increase the aceuracy of prediction models. Prediction models for detlection
adjustment factors at different pavement conditions were developed using local regression
techniques to more accurately estimate actual pavement responses. A closed-form
backcaleulation procedure, which closely sinusdates the HLLIBACK prograin, wis developed
m this study. Vartous prediction models for deflection adjustinent factors at ditferent
pavement condittons were developed using focal regression techmgues (o estimate actual
RAVEMEHT responses more accurately,
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At the current stage, the LOESS prediction models can only b sed under th
statisiical sotlware packages. Continuous research efort ie sull Lnderway o ¢

mtegrated backealculation program, which can accor

i for the edects of fin
adjacent slabs, and thermat curling 1o facilitate the analysis of more pracsical rigid pavement
backcalculntion problems.
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