his proceedings contains 39 papers from the 25th
irternational Alr Transportation Conference held in
Austin, Texas, in lune, 1998, The main theme of the confer
erice is Airport Facilities: Innevations for the Next Century. A
secondary theme, Buse Conversions and Alrport Upgrades are
the Adrport Facilities of the Next Cemdusy, addresses issues
concerning military base closings i o whout the world, The
book includes developnient track presentations from Dallas/ -
Ft.oWorth, Salt Lake City, Los Angeles World Airports, and
Metropolitan Washington Airports and is largely devoted
to the transformation of Bergstrom Air Porce Base to
Austin-Bergstrom International Alrports An unusual story of
cooperation and partnering, this proceedings covers details
of the full conversion: the planning process, demolition,
environmental ceanup, design, and construction. Other
sections cover broad interest subjects such as innovations in -
dirhicid pavements, envirenmeoental aclions, aperations and
planning, and landside development, Chapters include
planning for the next century, Austin-Bergstrom Interna-
tional Alrport base convenions, airport development,
I wtdesign and analysis, and
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MODIFIED DEFLECTION RATIO PROCEDURES FOR
BACKCALCULATION OF CONCRETE PAVEMENTS

Ying-Haur Lee!, Associate Member ASCE
Chao-Tsung Leed, and hmma-mim Bairs

ABSTRACT

The main objective of this study was o develop a general purpose rigid

pavement backealeulation program for various nondestructive deflection testing

(NDT} devices.  This study strives to minimize the major limbations and

deficiencies of waditional backcalculation procedures by modifying the most.

widely-used AREA deflection basin coneepl. A modified deflection ratic
{w/ wy) backealeulation procedure is introduced using the TLLI-SLAB finite
‘element {F.E} program and the principles of dimensional analysis.  Prediction
- models were developed using the projection pursuit regression technique for the
- . modified deflection rutip, Subseguently, the proposed backeaiculation procedure
- was implemented in a user-friendly backealculation program (TKUBAK) to expand
its applicability for any different NDT loading radius, sensor locations, finite slab
sizes, as well as locations of loading plate {interior, vdge, and comer of the stabl,
The effects of random error in deflection measurements, a second laver, &
. temperature differential, and adjscert slabs on backealculation should be further
investigated to account for more practical pavement conditions.

INTRODUCTION

The use of nondestructive deflection testing (NDT) devices has been widely
adopted 10 obtain surface deflection data in order to evaluate an existing pavement's
conditions recently.  Since the elastic moduli of pavement layers which represent
the siiffness of 2 pavement structure cannot be calculated dircctly from surface

Associate Professor, Denanment of Civii Engineering, Tamkang University, 725, # 151 Ying-
Chusn Rd., Tamsui, Taipei 251, Tawan, RO.C. :

¢ Graduzste Research Assistany, Department of Civil Engineering, Temkang University, Taiwan.
* Graduate Research Assistant, Departiment of Civil Engineering, Tamkang University, Taiwan.
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defieciion data, they are ofien obtained using backealoulation procedures,

Traditional backealoutation procedures for rigid pavemenis may be grouped into
threc major classifications in general: ferative method, database method, and
closed-form backealculation procedures using plate theory {fee er af 1997
Crovetti 1994; Hall {9911, To estimate the elastic modulus of each pavement
layer, an iterative backealeulation procedure has to first assume a0 initial irial set of
modulus values, and then repetitively caleulate theoretical deflections in order o
maich the actual surface defiestion measuramenis within the specified error.
tolerance ranges.  ‘The database appreach finds a suitable set of modulus values by
lincarly interpreting the measured deflections with the theoretical deflections,
which have already been built in 2 large database with pre-specified ranges of
medufus values.  Closed-form solutions for rigid pevemen: backealculation,
which greatly enhanced the effectiveness of in sity pavement evaluation, use a
series of charts ot prediction models to backealoulate modulus values more guickly
than any other existing backealculation procedures,

The main objective of this study was to develop 3 genetal purpase rigid
pavement backealculation program using closed-form solutions for various
nondestructive deflection testing (NDIT) devices frequently used in Taiwan, such as

a Dynaflect, 2 Boad Rater, and o Falling Weight Deflectometer {lec et i } wwﬂ..

This study strives to minimize the major lmitations and deficiencies of traditiona)
backealculation procedures by modifying the most widely-used AREA deflection
basin concepl. A medified closed-form deflection ratio backealculation procedure
was introduced and implemented in a user-friendly computer program {TKUBAK,
for the backealeulation of jointed concrete pavements.

CLOSED-FORM DEFLECTION SOLUTIONS

Lasberg [/980] has provided closed-form equations for the deflection of a
PCC sinb resting on a dense Hiquid foundation [Winkler) and an elastic solid

foundation under a uniformiy disiributed load:

m 2 hﬁ%i,ﬂ@

da for Winkler Foundation
E+ pat

W=t 55 S tas) (E1)
——f LR : o for Blastic Foundation
|l » ermﬁw
f o3 ety o I -
PP . PR RN I (E2)
e T VIR (1~ uhE, ¥ ¢
1
ot o BR ‘ (E3}
(hald 121~ 4"}
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" where:

i

w = surface deflection at any radial distance #, [L]
p 3, = Bessel funciion of zero order and first order, respectively;
F = applied load, [F};
@ = radius of the applied circular load, [1};
k= thickness of PCC slab, {L]
"= modified modulus of clasticity of the subgrade, [FL7;
D = bending stiffness of the slab, [FL];
= modulus of subgrade reaction, [FL;
E. E, = modulus of elastivity of the PCC slab and subgrade, [FL7;
£, g2, = Poisson’s ratio of the PCC slab and subgrade; and

it

5

£, &, = radius of relative stiffness for Winkler foundation and elastic solid
foundasion. L]
Where, {F] and L] represent the dimensions of force and length, respectively.
Based on the assumplions of an infinite or semi-infinite slah over a Winkler
foundation, Westergaard has also presented the following mazimum deflection
equations for three circular loading conditions, i.e., interior, edge, and comer fora
Poisson's ratio of 0,15 [ Westergaard 1926; loannides 1 PRSY:

. m Ed /n a .
Feoom w va & w.x - interior tocding
.‘ Fr i )

ﬁmd Mi (1,

\ .
w, = mewzmwwsm.mmmwm W ) wifge loading
! i ¢ E . . . Mm.&w
f.mu 11-68% M\e.w‘ QM “carnier loading
m?ﬂ L 3

‘where, w, is the Westergaard's maximum deflection at the interior, adge, and
. comer of the slab. sespoctively.  Furthermore, according to Losberg, the maximum
-deflection at the cenler of an interior load for elastic solid foundation may also be
expressed as follows:

aa i z [P S
2P m\ M ! mlw i
019245~ 00272 o1 va0iss L W 2
" o, 1YW Le ) 12.,m

t {£.5}

TRADITIGNAL BACKCALCULATION PROCEDURES USING
AREA CONCEPT

Hoffman and Thompson §/987] proposed the following AREA concept 1o
backealculate the modulus values of a rigid nm‘,mEmmm system. The-area of the
mmmmﬁ_om hasin using four deflection sensors was defi mu as Mowiim,

AIRFORT FACILITIES 483

N IREANENL 6
y=or v 2] o) L ¢
AREA(R}= 6% 1+ oy JZS. #M.ﬁuw.w }
where:
AREA = normalized area of deflection basin, ranging from 11.1 1o 36 inches:
w, = measured maximum deflection af the ceater of the foad, |1} and
Wy, Wy, wy = measured deflections at 12, 24, 36 in. distance from the toading
nmmwwﬁ M -
Higher %m *A values indicate stiffer slabs relative 1o the foundation; whereas
lower values are indicative of some serious slab weakening problem.
in the ILLY-BACK closed-form backealeulation algorithin, joannides {19501
applied the concept of dimensional analysis and has indicated that there exisis g
unique relationship between AREA znd the radins of relative stiffness {#or 3
for a given load radius and pre-specified sensor locations,  Hail j/een mcm.m.mn.
solved Losberg’s deflection equation (E.1) through direct integration of Bessel
functions for radial distences of 0, 305, 61.8, 91.4 cm (0, 12, 24, and 36 inches}

M

and for 7 or £, values from 381 to 203.2 cm {15 to 80 inches) using the IMSL
Hibrary and developed the following nontinear regression models:

Tﬁ mw A ﬂﬁ&/u w“..wmua@ ﬁ 36~ AR d 334281
At y .
Pl ot 822 L . sm_f.wﬁ%&mwi (E.7)
m ~ 2559349 m —384555% |
w i H

With AREA caleulated from the four measured deflections, the radius of

relative stiffness (f or ¢ .} in inches may be obiained from the above sgualion
[Halt 1991 Losherg »w&mw The k-value or the elastic medulus (1) of subgrade
may be obiained by resrrangement of Westergnard's or Losherg's maximum
interior deflection equation gives in equations (E4) and {E.5).  The elastic
modulus of PCC slab can then be determined using the approprisie £ or £,
equation as defined in equation {£.2). This approach was adopted by AASHTO
{7993] for the evaluation of existing concrete pavements.

Crovetti [7994] further indicated that finite slab size. the locations of foading
plate {inerior, edge and corner of the glab), and the presence of adjacent slabs or 2
tied concrete shoulder, etc. may all affect pavement surface deflection
measarements.  Additional prediction equations were developed 1o account for the
effects of finite slab size and three differemt ioading locations, The deflection
response of maltiple slabs was also investigated.  Comsequently, revised

-provedures for the backealculation of modulus values using equation (£.7) were

aiso-available {Croverti 1994,
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DEVELOPMENT OF A MODIFIED DEFLECTION RATIO
BACKCALCULATION ALGORITHM

Hwnmmwowmﬁg&mo_‘wanmomam,?ﬁmﬁawcmmammﬁmem v«onnn,mwammmwum%n
AREA concept inherited assumptions such as: the radius of toading platea = 15 ¢m
{39 in) and four deflections measured at radial distances of G, 303, 61.0, 91.4 om

{0, 12, 24, 36 inches}.  Thus, surface deflections measured at ather locations {e.g.,
121.9,152.4, 182.9 cm or 48, 60, and 72 inches) or by a Road Rater with a oading
plate radius & = 22.9 cm (9.0 in.) may not be used for the analysis, This study
sirives 1o eliminale such limitations by maodifying the AREA concept using the
principles of dimensional analysis, A modified deflection ratic algorithm will be
introduced for the backealculation of rigid pavements using various NDT devices,

identification of Dimensionless Variables

Based on the principles of dimensional analysis, Losberg’s “defiection
equation (E.1} may be simplified as follows: :

{ ¥ .
W = Hym; = ﬁm‘ wq for Winkier Foundation -
. P £ E & (E.2)
W Suﬁ 5 .ﬁ..m&\w “\ o . J . . -
brr S s e f e b for Elastic Foundation
TN VRS VY

tn which, nondimensional deflection {w 1 was introduced by Losberg o
tlustrate its relationship with normalized radial distance &= vlor /8,y and

normalized toad radius fuf foraf f o) This study first validated Losberg’s closed-

form deflection equation through. the use of the IMSL fibrary of Migrosofl
owﬁN%Zwoﬁﬁm”mmou».m me&mm:ra Mmﬂmmmmmmamawmnmmnm.mmwmmcmmmw.

shown in Figure 1.
The analysis of finite slab size effect was no rossible unti! the Introduction

of finite element models. The basic tos! adopted for the analysis was the ILLL-

SLAB F. E. program since it had extensive chucking, revistons, and verifications
by many researchers, could structuraily model many key design factors of
miportance, and had less errors than any other avaiiable computer prograr for rigid
pavements {{fuang 1993]. Based on the principles of dimensional analysis, the
tructural response characteristics of a rigid pavement are dominated by the
following  fou dimensionless  variables: {alb LIE WIE ridy o
{alf Li7 Wi WiEy for finite slab dimensions{lognmnides 1984

. . . L3 .
foannides et al 1989%.  Thus, the nond mensional - deflection (W } can be
‘expressed by: o ) L B
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Wormalized Radial Distance, s s
ap® W p.u. 38 G m .
. 5
¢
2
H
- =
a8 - =rl m»mq M
EY v £
. b H
T
aw wm
532 s T Y 1
. es i 525 am
2445 ! Hormasired Redist Distancs, 2
{a} Dense Liquid Foundation (b} Eiastic Solid Foundation
Figure 1 Nondimensional Deflection Relationship
[ ke e R e Fouder
] T Ty TT o T e o IRRIET & $iete)
wal 28T (£.9)
W' =
wid & LW » T .
W..i..». = flm S L Y Elasiic Foundation
Lar I )

Notethat g/ or a/ ¥, is the normalized load radius; L/ ¢ or LIt is
the normalized slab length; W/ ¢ or W/ 7, is the normalized siab width, and

rif or r/#, is the normalized radial distance. While keeping the dominating
mechanistic variables constant for any arbitrary combinations of other individual

T . v 2 . 5 - .

input variables, the resuiting w values of ILLI-SLAB runs sti remain constant,
Thus, the zbove relationship was rumerically validated in this study {iee 2t al
19971,

Modified Deflection Ratio Concept

In the ILLI-BACK backealeulation algorithm, loannides [7900; J989) has

-applied the deflection ratic concept for the backealculation of a concrete pavement

resting on & Winkler or an elastic sclid foundation vnder an interior circular foad,
For a given load radius 2. if two deflections {w, and w} are measured, the following
defiection ratio {w,/w,) equation was obiained:

w S w ) E.10)
TGRS Iy R H

Where w, is the maximum surface deflection under the center of the load and
» is the surface deflection measured at any given radial distance ».  In other words,
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-the above relationship indicated that 7 or £ may be determined by providing only
two dellection measurements.  Thus, the unknown pavement parameters may be
subsequently determined using equations (E.4) or {E.5) and (E.2).

if four sensors are wsed, modulus values are often backealculated using the
normalized area of deflection basin (AREA) which may be teated as 2 weighted
average of four deflection raties as shown in equation {E.8), in which [=w/w,
This relationship was further validated for a fined load radius a = 15 cm (5.9 in.),
and the deflection al four radial distances of G, 30.5,61.0, 914 em {0, 12, 24, 36 in}
as shown in Figure 2 for 8 Winkler foundation and an elastic foundation.

=
-u%l.vui»\lu\!i; . 3 -~
.h»%«v. .v.uw\wﬂ
] e
o
ol
»wv LT =
. P =
£ By : p:
m = “ ? e
* ]
r s g E Y L —
. )
‘w : % Pediont P
5 )
B .
Wi
N " Y Y 7 T Ty
xuw o a0 ;e b = 33 " e L] 8
R of Pt Sifrens mﬁww Hadlus of Rolstive Stifneas {ing

{a} Bense Liguid Foundation (b} Elastic Selid Foundation
Figure 2 Relattonship between Radius of Relative Stiffuess and AREA

Consequently, 2 modified deflection ratio concept was adopted in this study

1o aliow more general treatments of the closed-form backealeulation process using”

varigus NDT devices.  Based on the concept of dimensional analysis, the modified
deflection ratic w/ w, can be uniquely determined by the four aforementioned
dimensionless variables given as follows:

. mw Winkler Foundation .
¢ (EAD
, IMIV Elastic Foundation

¥

°
{— .
\\w

I3

Flx

3§
i
i
13

This medified deflection ratio is in facl a gencral form of the AREA

expression, where any different NDT loading radius, sensor Jocations, finite slab
sizes, as well as Jocations of loading plate {interior, edge, and comer of the sleb)
may be azllowed for backcaloulation.
dimensionally corrert, both English and metric (81) unit systems can be used.

Sinte the sabove relationship 18
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For a very large sleb {(L/{ and W /7 2 7.6), the relationship of a/ ¢,
r/f, and w/ Wy for a Winkler foundation is shown in Figure 3. Figure 3 also
sbows that the results of ILLI-SLAR runs agree with Losberg's closed-form
solutions very well.  Figure 4 shows the relationship among @/ €,. r/{,, and
w{ wy for an infinite slab (L /7, and W/ £, 2 7.0) resting on an elastic solid

foundation.  Thus,if 7 or ¢, can be determined by the modified deflection ratio,
the unknowrn pavement parameters may be subseguenily determined as usual,

.80

0.68

J S S,

&
mt.u i
0.40
920 !
D00 ‘ ; A . LT ——
1.08 200 300 400

eli
Figure 3 ILLI-SLAB and Losherg Solutions (Dense Liguid Feundation)

566 —
H1
Zs g0 3
Prra . e LAs 018203
F E
T I
EE . P + T T . T —
&.00 o2 24 28e EE 160
w/

Figure 4 Relationshipof a/ 8,7/ ¢,, andw! w, {Elastic Solid Foundation)
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Ratic of Deflections Measured at Any Two Hadial Distances

Theoretically, any two deflection measurements may be sufficient to
backealculate the two unknown pavemen parameters, ie, Eandbor Eand £, if
N number of sensors are used, a total of N{N-1¥2 sets of solutions may be obtained
in such case [Fwa e al 79971, Nevertheless, a special effort was also conducted
in this study 0 investipate the refationship of any deflection ratio {wy fw ) with

all, and r/?_ for clastic foundation, where w; and w, are measured at any

radial distances of r, and 7, and r, = 2 7, As shown in Figure 3, there may exist

no solution. a unique solution, or two sohstions for £ o under such conditions.

This relationship may help to explain some of the difficulties in interpreting in-sity
deflection measwrements with random errors. Furtherinvestigation in this respect
is recommended.  Thus, the modified deflection ratio s currently defined as the

-ratio of z surface deflection measured af any radial distance to the maximum

deflection as shown in equation {E.11}. Therefora, a tota] of {N-1} sets of
solutions may be obtained using the proposed modified deflection ratic coneept.

GO0

049 083 088 ’ 106
Wy wy
Figure 5 Relationship of a/ £, 7 1 £,,w, / w, (Elastic Solid Foundation)

Application of Projection Pursuit Regression Technique

Projection pursuit regression {PPR} techniques introduced by Friedman and

Stuetzie [/981] strives 1o modsl the response surface {v's) as a sum of
* nosparameine functions of projections of the predictor variables {¥'s) using local
smoothing techniques, Assuming there is 3 true model: R T
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i1, .
y=i+ 3 A, (alx)+ e (E12)

Where x = iz, x5, 00000, %7 denotes the vector of predictor variables, 3

is the expected {or mean) value of response variable, £, is  the regression

coeffieient, and gis the residual or random emror.  The PPR algorithm strives 16
minimize the mean squared residuals over all possible combinations of g, . and’

a,, values. Conceptually, the explanatory variables x's are projected onto the
 direction vectors @, a;, '+ . 4, . t obisin the lengths of the projections «'x,

where m = 1, -, M, An optimization technique s also used 1o find the best
combinations of nonlinear transformations ¢, , g L g, Tor the multidimensions)

response surface.  In the above eguation, @, (g, 5} represents the unknown
nonparametric ransformation functions of the projected lengihs alx to be
estimated.

As proposed by Lee and Darter [7954]. the two-step modeling approach usiog
the PPR technique was utilized for the development of backcaleulation prediction
models, Through the use of jocal smoothing technigues, the PPR atiempis (o
model a multi-dimensional response surface 2s 2 sum of several nonparametric
functions of projections of the explamatory variables. The profected terms are
essentiaily two-dimensional curves which can be graphically represemisd, easily
visualized, and properly formulated.  Piece-wise linear regression lechnigue was
then used io obtain the parameter estimates for the specified funciional forms of the
predictive models,  This algorithm is available in the 3-PLUS siatistical package

[ Statistical Sciences, Inc. 1995},

Development of Backealeulation Prediction Models

A geries of finite element factorial runs was conducted based on the

“dominating dimensionless variables identified. Severa! QBASIC programs were

writien to automatically penerate the fnite element input files and the results of
ILLI-SLAB finite clement runs were avtomatically summarized in several
daiabases to reduce the possibility of manual errors {Leeetal 19971

Prediction models of the modified deflection sutio (R, = wiwg) were

developed using the aforementioned two-step modeiing approach for three different

loading conditions, Le., interior, edge, and comner. Separate models based on the

Afour dimensionless variables identified in equation (E.1{} for bath Winkler

foundation and elastic foundation are available.  Additional prediction models (R)
defined as the ratio of the maximum defiections of an infinite slab and a finite slab

- were alse developed for different toading conditions and foundation types. Nate

that R, is a funetlon of (L/ 6, W /P, a/fy o CLIE, WIE, alf,y

' respeciively.
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in addifion, twe additional prediction models were developed to estimate the
- maximum deflecion solution of an infinite slab resting on an elastic solid
" found

form solufion.

Maodified Deflection Hatio Backealoulation Procedures

malified deflection ratie procedures are proposed for the
W of cenvrete pavements over @ Winkler foundalion or an clastic
sobid foundation

hackes

T Compute d nsdified deflection ratio M:; Wl
~ &
R

o
-~
=
Ll
=
Y
2
o

i
w5

o
=
3
o
z
=
=
=
1
f
&

prediction models.
. Repeat steps (11t (4) to obtain (N-1) scts of solutions for kor £,
&. Calculate £ using equation (£.2) and the averaged kot E, value obtained in
siep {5). - . ’

e

DEVELOPMENT OF A GENERIC BACKCALCULATION .
PROCRAM FOR CONURETE PAVEMENTS

To facilitate practical wial applications of the propesed modified deflection
ratio procedures for rigid pavement backealculation using vanious NDT devices, a
proiotype window-based computer program {TKUBAK) was developed using the

- Migrosoft Visual Basic 4.0 software package 17995]1  The main features of the

program include:
: t. the traditional AREA deflection basin backcaleulation procedure;

2. the ILLI-BACK closed-form deflection ratic backealculation procedurs;

as well as

1 the proposed modilication to the deflection ratic backcalgulation

procedure,

The TKUBAK program was designed to bs highly user-Triendly and thus
came with many well-organized graphical interfaces, seleclion menus
command buttons for easy use.  Both Inghish and Chinese versions of the
program are available.  Furthermore, since all the mechanistic variables used in
the proposed models are dimensionally correct, both English and metric (81
systemns can be used by the pregram.  Several example inpui screens of the
TKUBAK program are shown in Figare6. . K

for edge and comer loading conditions, since there is no such 'clossd-

-2 Bachealvulote an estimate of ¢ or £ using the prediciion models (R}

, and
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Figure & Sample Input Screens of the TKUBAK program

Yalidations of the Proposed Rackealculation Procedures

The proposed backealculation procedures have been further validaed through
comparisons of equation {E.1), equation (E.7) and the TKUBAK program using the
AREA concept.  Fairly good sgreement of such comparisons as shows in Figure 7
was wentified.  This also Hlustrated that this stly has coversd s much broader
range of the case analyzed.  In addition, the effects of finite siab dimensions are
further itlustrated in Figure & which also indicates thal such effects should be
considered and can be well accounted for by the TRUBAK program.

DISCUSSIONS AND RECOMMENDATIONS

The prolotype generic backealculation program developed under this study is
currently valid for 2 single siab only. In most practical cases, the affect of

-adiacent slabs should play an important role for the backcalculation of edge and

comer loading conditions.  Preliminary analysis in thig regard for a2 Winkler
foundation was performed and wil be incorporated into the program shortly, The

- effect of & random error in the sensor measurements on the backeaiculated values

wiil be further investigated and compared with those for the AREA method-based

backcalculation.  This will enable us to have a reasonable zssessment of the

reliability of the - backealoulated  pavement  parameiers. In  addition,
repemmendations for future research are briefly listed as follows:
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The non-uniqueness isste raised in Figwre 5 for the ratic of two

deflections (v, / w, ) measured ai any arbitrary radial distances should be

further investigated.  This relationship may help to explain some of the
difficuliics in interpreting in-site deflection measurements with random

SITOTE. . :

2. There are differences beiween backcaloulated modulus values and
modulus values that are determined in the faboratory. A preliminary”
analysis of in-situ deflection basins showed faurly large discrepancies as
already reported in the literature [Lee er af. 1997 Croverti 1994: Linef al
1995 The dynamic elastic modulus of subgrade {E,} backraleutated by
the traditional closed-form backealculation procedures or by the proposed
approach should be adjusted by a factor of 5o greater than 0.33 1o be used
for design as recommended by the AASHTO guide {regay

3. The effects of a second layer (honded or unbonded fayer}, 2 linzar
iemperature differential, and adiscent slabs or load transfer sfficiengy
should be further investigated 1o account for praciical conditions more
accurately,

4. Even though most of the proposed  prediction models as currently
implemented in the TKUBAK program showed very good prediciion
accuracy, e, ihe coefficient of determination B is grester than 6.9%, i is
siill desivable to simphify the models by neglecting some of the less
sigaificant parargeters,

5. On-going special effonis to simphiy the backealeulation process using

database approach and a local regression algorithm [Sroristical Sciences

fnc. 1995} are underway.

et

CONCLUSIONS

This study strives 1o minimize the major limitations and deficiencies of
iraditional backcaleulation procedures by modifying the most widely-used ARFA

deflection basin concept. A modified closed-Torm deflection ratio {(w/w,)

backealculation procedure was introduced and implemenied in a prototype user-
friendly computer program (TKUBAK) for the backealculation of jointed concrets
pavements, The following conclusions may be drawn from this study:
i, This study enhanced the applicability of the deflection ratio concept
“because any different NDT loading radius, sensor focations, and the
-effects of finite slab sizes can be analyzed by the proposed approach,
2. Moduius backcalculation during NDT testing may be possible using the
- proposed procedurs,

Y. For z given set of N deflection measurements, the proposed approach
may produce a5 many as N-1 pairs of backcalculated modulus values
Thus, possible measureivent errors from faully sensors can be detected or

“promptly adfusted in the figld and more consistent and accurate modulus
vatues may be backealculated. .
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4. Since all the mechanistic variables {eg. normalized load radius,
normalized radial distance, normalized sleb sizes) used in {he prediction
models are dimensioniess, both English and metric {81} unit systems can
he used by the program.

el

deflection basin backealeulation procedure, the ILLE-BACK closed-form
hackeafculation procedure, as well as the propesed modification to the
defiection ratio backcalculation procedure. :

ACKNOWLEDGMENTS

This study was sponsored by the National Science Council, Taiwan, Republic
of China, under the grart No. NSC86-2211-E022-007. The precious advise
provided by Professor Pien-Sien Lin and Chen-Ming Kuo was greatly apprecigied.

AASHTEY {1993y 4ASHTO Guide for Design of Pavement Structures.
American  Association of State Highway and Transportation  Officials,
Washingion, D.C. ’

Crovettt, 1. A, (1994).  Design and Evaluation of Jointed Concrefe Pavement
Systems Incorporating Free Draining Base Layers.  PhD. Dissertation,

: Smiversity of lilinois, Urbana, Hlinois, :

Fwa. T. F.. S, Li and K. 8L Tan (1997).  Backealculation of Matertal Propertiss

for Concrete Pavement,  Proc’, Sixh hternational Purdue Conference on
Concrete Pavement Design and Muterioly for High Performance, Nov. 1821,

Vol il pp 101113,

Friedman, | 1L and W, Stustzle {1981} Projection Pursuit Regression.  Jowrnal
of the American Statistical Association, Yol. 76, pp. 817-823.

Hall, K. T. {1991).  Performance, Evaluationund Rehobilitation of Asphali-
(herloid Concrete Pavement. PR, Dissertation, University of Hlinois,
Urbana. {liinots. . : '

- Hoffman, M. 5. and M. R. Thompson {i981). Mechanistic Interpreiation of
Nondestructive Pavement Testing Deflections, Transportation Engineering
Series Mo. 32, Hlinois Cooperative Highway and Transportation Research
Series No. 190, University of 1ilinois af Urhana-Champaign.

“Huang., Y. H. (1993).  Pavement Design and Analysis.  Prentice-Hall, Inc.

foannides. A. M. (1984},  Aralpsis of Slabs-on-Grade for a Variety of Loading

and Support Conditions. Ph.D). Disseriation, University of IHinois,

Urbana, .
ioannides, A. M., M. R. Thompson, and E. §. Barenberg (1983).  The Westergaard

Sojutivns Reconsidered,  In Transporiatfon Research Record 1043, TRB,

Mational Research Council, Washington, D.C, pp. 13.23.
loannides, A. M., E. J. Barenberg, and L A Lary {1989}, Imterpretation of Falling.

The main feaiures of the program include; the traditional AREA

AIRPORT FACILITIES 455

Weight Deflectometer Results Using Principles of Dimensional Analysis.
Proc., Fourth International Conference on Concrete Pavement Design and
Refiabilitation, Purdue University,

foannides, A. M. {1990). Dimensional Analysis in NDT Rigid Pavement
Evaluation. Jowrnal of Transportation Engineering, Volume 116, No. TEL,
American Society of Civil Engineers, pp. 23-36.

Lee, ¥. H., and M. L. Darter {1994). New Prodictive Modelng Technigues for

“Pavements.  In Transperiation Research Record 1449, TRB. National
Research Coundil, Washington, D.C., pp. 234-245.

Lee, Y. H., C. T. Lee, and 1. H. Bair { 1997).  Development of a Buckealculation
ww.mmwnﬁ Jor Jointed Concrete Pavemenis.  Final Report (in Chinese},
NSC86-2211-E032-007, National Science Council, Taiwan, Republic of
China, August. .

Lin, P. ST, M. Lee, V. T. Wa, Y. M. Chou {1995}, The Application of Road
Rater for Rigid Pavement Backealculstion.  Prec. Eighth  National
Conference on Pavement Fngincering {in Chinese), Taiwan, Republic of
China, Chung Yuan Christian University.

m.bmw‘mmm., A, {1960).  Strucrweally Reinforced Concrete Pevements,  PhD.

. Dissertation, Chalmers University of Technology, Goteborg, Sweden.

Microsoft Taiwan Corp. (1994). Microsoft FORTRAN PowerSiation Professional

. Develapment System: User's and Reference Manuals.

Microsoft Talwan Corp (1995).  Mivroxoff Fisual Basic (Fer, 4.0 Programmer s
Guide und Language Reforence.

Statistical Sclences, Inc. (1995, S-PLUS for Windows {Ver. 3.3} Uker's Manual
and Reference Manual., Seattle, Washington.

Westergaard, H. M. {1926).  Computation of Stresses in Concrete Roads, Proe.,
Fifth Ammual Meeting of the Highway Resecrch Board, Part 1 National
Research Councii, Washingtom D.C., pp. 90112,




