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Study of Backcalculated Pavement Layer Moduli from
the LTPP Database

. . . Ty | . |
Ying-Haur Lee'*. Hsiang-Wei Ker™, Chia-Huei Lin and Pei-Hwa Wu

"Department of Civil Engineering, Tantkang University.
Temnsud, Tuivwan 231, R O.(
“[.Jcpurrmcm of nternational Trade, Childee Institiee of Technology,
Paivchiao, Tabwan 220, R.O.C

Abstract

The mam objective of this study was to investigate the fundamental principles of flexible and

rigid pavement backcalculation methodologies and their potential limitations. The two-layer

backcaleulation approach praposed by the 1993 AASHTO Design Guide tor the structural evaluation of

existing pavemnents was wlso adopted. The luboratory tested (or static) laver modult were compared with

the backcalculated (or dynamic) moduli using the Long-Term Pavement Performance (LTPP) dinabase.

Relatively high variability between the relanonships of the static and the dynamic moduli was observed

indicating that further rescarch study is needed to improve the current state-of-the-art backealculation

approach. [n addition, it was also found that slab thickness did have signiticant eftects on the relationship

of the backealculated subgrade clastic modulus and the backealculated modulus of subgrade reaction.

Subsequently, a revised regression model was proposed for future practical applications.

Key Words: Pavement, Backealeulation, Elastic Modulus, LTPP

1. Introduction

Nondestructive deflection testing (NDT) devices
have been widely adopted to obtain surface deflection
data in order to evaluate existing pavement conditions,
Singe the clastic moduli of pavement layers, which re-
present the stittness of a pavement structure, cannot be
calculated directly from surfice detlection data. they are
often obtained using backealculation procedures. The
fundamental principles of backcaleulation procedures
arc based on pavement theories such as the muldti-layer
elastic theory and plate theory.

Traditional backealeulation procedures may be grouped
inte two major classifications in general: iterative met-
hod and database method. To estimate the clastic mo-
dulus of each pavement layer, an iterative backcaleu-

lation procedure has o first assume an imitial wial set of

modulus values, and then repetitively caleulate theore-

*Corresponding author. l-mail: vinghauriemaib thuedu o

tical deflections in order to match the actual surtace
deflection measurements within the specified ranges of
error tolerance, The database approach finds a suitable
set of modulus values by linearly interpreting the mea-
sured deflections with the theoretical deflecnions, which
have already been built in o large database with pre-
specified ranges ol modulus values.

The study first investigates the fundamental princi-
ples of flexible and ngid pavement backcaleulation met-
hodologies and their potential limitations. The poodness
of backealculation using the cutrent state-of-the-art ap-
proach as adopted by the Long-Term Pavement Per-
formance (LTPP) study will be subsequently discussed
[1.2].

2. Pavement Backcalculation System Based on
Two-Layer Elastic Theory

Boussinesq developed closed-tform solutions of a

concentrated load acung on a single-layered untform
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subgrade soil {3]. The materials ure assumed to be homo-
gencous, 1sotropic, and hinear elastic. Ahlvin and Hlery
lafer provided deflection solutions at any given depth (z)
and radial distance () for a unitormly distributed circu-
lar load acting on a single-layered system (4], The de-
flection equation can be cxpressed as tollows bused on

the principles of dimensional analvsis:

Fu roz
A =—rf|—,—.
B N 'f[u 7] “] (h

In which. A, is the detlection at any depth = | L] Pis the

uniformly applied circular load. [F]: « is the radius of

the applicd load, [L]; and the layer modulus is £,
[FI.7]. Note that [F] and [L] represent the dimensions
of force and length, respectively. Thus, the backealeu-
lation problem of a single-layered systen is just a sim-
ple maiter of selving the unknown [ providiog that all
other parameters are known,

Through Bessel function expansion of a load func-
tion, Burmister derived a surface detlection equation for
any arbitrary, uniformly distributed load which is equi-
valent to a concentrated load acting on a two-layer cla-
stic pavement system [5]. Burmister further derived a
maximum surface deflection equation tor a uniformly
distributed load acting on a two-layer elastic system.
Based on the principles ol dimensional analvsis, the
detlection equation can be simplitied as follows:

I.S_pa F. z_;i _ 1.5pa r )
E, hE E,

w, =

Where. w1 the vertical surtace deflection of the load
center, [L.]: p is the unitormly distributed vertical pres-
sure acting on the surface, [FL7): @ is the radius of the
cireular load. [L): F s afunction of ¢ < fhrand £+ £ h
is the thickness of the wp laver, [L]: £, and £y are the
elastic moduli of the top and bottom layers. [FL7). re-
spectively.

Scriviner analyzed the case of a Dynatlecet’s load con-

figuration acting on a two-layer pavement-subgrade svs-

tem [6]. To estimate the elastic moduli of surface laver

and subgrade from the measured surtace deflecnon data,
Scrivoer treated everything above the subgrade as a sin-
gle homogencous material o simplity the pavement as a

two-kyer clastic system. Sinee the loaded area is very

small, Serivner further treated the above umitformly dis-
tributed load as a concentrated load 10 simplily the ma-
thematics. For a horizontal distance » away from the
origin (L the following surface deflection v is a function
ol h, P E and -

dnk: : (E. r
n L= T o = | = '-]

ap Eh.
LMo 1<4Nme ™ N ™ v_ E-E
h L= 2N(L+2m e ™y NP M E+E,
3

For distance ry and r; away from the loaded center off
Dynaflect. the surface detlections are wy and wi. respec-
tively. By substituting into the above deflection equation
and dividing the resulting two equations with cach other,

the following expression is obtained:

A
mi __\ER) B n )
Wi, E n E " h'h

"VEh

Where, . Fy.oand G are functions of £-7 E\ r /7 hoand
rv /0 Foraspecified NDT deviee (such as Dynaflect),
with known vy, and surface thickness fi, one can cas-
ily find out that wyr /warais a function ot the modulus
ratio £ 7 £y alone from the above equation,

Note that the elastic moduli backealeutated from
measured surface deflection data may not be unique in
theory. For example, Seriviter specilically developed
curves and databases for modulus backcalculation tor
Dwnaflect tests where the radius of loaded area ¢ and
senser locations 1 and roare lixed. From the curves of
pavement thickness plotted as a function of wyry 5w
and the modulus ratio £, ¢ £5 (as shown in Figure 1),
Serivaer further divided this figure into four quadrants
bused on lines ofwry v = Land & = 112 in, Thus,
there exists a unigue solution for those two quadrants
with thickness /i greater than 11.2 in. However, there
may be two or no selutions for the other two quadrants
with thickness £ less than 1.2 10, Nevertheless, this the-
orctical limutation 1s often overlooked by most tradi-

tionil backealeulation programs [7].
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Figure 1.

3. Rigid Pavement Backcalculation Based on
the Plate Theory

Losberg [R] provided closed-torm solutions (or the
deflection of a PCC slab resting on a dense liquid foun-
dation {Winkler) and an elastic solid foundation under a
uniformly distributed load. The following expression in
terms of nondimensional deflection (w*) was used to il-
lustrate 1ts relationship with normalized radial distance
(s=r/ 1, orr/¢ Yand normalized load radius (a/ ¢, or
a /). These relationships (Le.. f; and /2 functions) were
also validated through the use of Microsoft PowerStation
IMSL libraries for the integration of Bessel functions |9).

wCr,wh  wEil ar
2P prlo2pd—ply s
. for Elastic Solid Foundation
W o= ) ()
wki, wD f a
2P Pff J2 f“ - {,A
for Winkler Foundation

Eh
1200 -’ )k

ER(-uD)

6(1-uE, ()

k

E, En

S T (7

Where, ws the surface deflection at radial distance r,

Senvner's curves for two-layer backealculation [6).

[L]: ¢ and 1, are the radius of relative stitfness for
clastic solid and Winker foundations, | L], respectively:
Cis the moditied modulus of elasticity of the ‘illbjj["ddc
[FL): s the bending stiffness of the slab, [FL]: £, and
E., arc the Young's modulus of clasticity of PCC slab and
subgrade., [FL™
son’s ratio of PCC slab and subgrade, respectively.

I. respectively: and . and p, are Pois-

Hoffman and Thompson [10] proposed the fotlow-
ing concept to backealeulate the modulus values ot a
rigid pavement system. The area of the deflection basin
using four deflection sensors was defined by equation
(8). thigher AREA values indicate stiffer slabs relative to
the foundation; whereas lower values are indicative of
some serious slab weakening problem. Where, AREA s
the normalized arca of deflection basin, runging from
TEE to 30 inches: wy s the measured maximum deflec-
tion at the center of the load, [L]: and wy, wa, sy are the
measured detlections at distance 12, 24, 36 in. from the
foad center, {L].

AREA(in.) = 6% 1+2LiJ+2{ﬁ}+[iJJ ()
W, Wy W,

ERLS censultants, Inc.
conducted several hundreds of 1LLI-SLAB tinite ele-

FLL] and Foxwarthy [ 121

ment runs to model pavement response praduced by the
loadings of a Falhng Weight Deflectometer and a Road
Rader. For a given slab thickness, the elastic modulus of

the stab and the modulus of subgrade reaction are varied
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over a practical range and the "AREA™ and maximum
center detlection are calculated and plotted. The actual
measured AREA and maximum center deflection are
used to determine the in situ slab modulus and the mo-
dulus of subgrade reaction using lincar iterpretation,
loanmdes indicated that Westergaard’s maximum
defiection and the surfuce deflections at a given radial
distance (for sensor /) of a PCC slab resting on a Winkler
foundation can be expressed as follows [3.13]:

wke’ | a

dc):%:ju ?J (9N
wkt’ A u

d=2t% ol 9

f » 1 . {10

k

Where, a s the radius of the applied load: o, or ¢/, 1s the
normalized detlection under the center of the load or at
any sensor § (1 =0, 1, 2, or 3}; sy or w, is the surface de-
flection under the center of the load or at any sensor /,
[L]. If two detlections (wy and w)) are measured, the fol-
lowing equation indicating that 7, may be determined
from the deflection ratio (wy/1vy) for a given load radius:

d, W FACIEN

4w farty T (an

[t four sensors are used. modulus values are often
backcealeulated using the average deflection as indicated
by the AREA concept. Thus, there exists a unigue rela-
tionship between AREA and the radius of relative stift-
ness (¢, ) tor a given load radius and pre-specifted senser
locations. A uniguc relationship between AREA and the
radius of relative stiffness (¢ ) tor a PCC slab resting on
elastic solid foundation can also be obtained using si-
milar approach.

As implemented in the ILLI-BACK program [3). a
fixed load radius (2 = 3.9 i), and the deflection w,
four radial distances of 0. 12, 24, 36 in. as well as the area
of deflection basin AREA were caleulated tor the back-
calculation of a concrete pavement resting on a dense
liquid or elastic solid toundation under an interior cireu-
lar load. After the radius of relative stiftness (1, or 0 ) is
determined, four k or E, values {one for cach sensor) are
obtained and their average is taken based on the follow-

Ing expression.

% - /‘d, ()
i,
AR

£ - 2(1-u))Pd, (0

row,
Based on the averaged k or E, value and the equation
(6). the elastic modulus of the slab (E) ts subsequently

deternuned.

4. Multi-Layvered Backcalculation Programs
and Their Limitations

The tundamental principles of backcaleulation pro-
cedures are based on pavement theories such as the
multi-layer elastic theory and plate theory. The most
often used multi-layer elastic theory was simplified us-
ing Odemark’s equivalent thickness assumptions [ 14).
Basically, materials are assumed to be homogencous,
isotropic, and linear elastic, even though they are often
far from reality. Various programs were developed to fa-
cilitate the layer moduli backcalculation of a more prac-
tical multi-layered system.

A backcaleulation procedure often assumes there
exists a unique combination of efastic moduli which
will result in the same measured deflection data as those
calculated from pavement theory, when a dynamie load
is applicd to a pavement system. Thus, if the thickness off
cach pavement layver. load configuration, loaded arca,
and Poisson’s ratios are known, a specific set ot layer
modult may be chosen to caleulate corresponding theo-
retical deflections from pavement theory and compared
to the measured deflections. 1 their differences are not
within the specified error tolerance. it is necessary to
choose a new set of moduli and repeat the previous pro-
cess until such conditnon is met. The resufting final setof
layer moduli represents the stitftness ol the pavement
system. Thus, there exist unlimited sets of bayer moduli
which may satisfy the specitied error tolerance criteria
for a particular sct of measured deflection data. DifTerent
spectiied error tolerance, initial trial modulus values and
ranges may all aftect the results of backealculation i dif-
ferent way.

Hall {13] summarized the basic assumptions and li-
mitations of various analytical models for modulus

backcalculution. Examptes of iterative backealeulation
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programs including BISDEF, CHEVDEF., WISDEF,
ELSDEF, and BOUSDEF were discussed. The capubi-
litics of some database backealeulation programs such
as COMDEF and MODULUS were also investigated.
Eftorts made in the proper use of analytical models, re-
duction of the need to arbitrartly guess input modulus
values, and calibration of temperature eftects. and non-
linear behavior of matenals will all contribute to assure
the reasonableness of backeuleulation results.

Hall further presented closed-form selutions tor ni-
gid pavement backcaleulation which greatly enhanced
the eflectiveness of in situ pavement evaluation. Further-
more. Crovetti [16] indicated that finite slab size. the lo-
cations of loading plate (interior, edge and corner of the
slab), and the presence of adjacent slabs or a ted con-
crete shoulder, ete. may all affect pavement surtuce de-
flection measurements. Lee | 17] and Bair [ 18] proposed
a moditied detlection ratio backealeutation procedure,
which was implemented in a user-friendly buckealeu-
lation program (TKRUBAK) to expand its applicability
for any different NDT loading radius, sensor locations,
finite slab sizes, and different locations of toading plate
9], Sheu | 19] further investigated the effects of adjacent
slabs and temperature curling on rigid pavement back-
calculations. Nevertheless, it is still a very challenging
task in validating the backealculated results using ficld
NDT detlection measurements.

5. AASHTOQ’s Two-Layer Backcalculation
Approach

5.1 Flexible Pavement Backealculation

In the AASHTO overlay design procedure, nonde-
structive deflection testing is strongly recommended for
the structural evaluation of existing pavements [20], Due
{o the fact that at sufficiently large distance from the load
center. the deflection measured at the pavement surface
15 almost entirely due to subgrade delformation only.
Thus. a subgrade My, may be backealeulated using the
following expression regardless of the number of layers

above the subgrade:

0.24p
MH—[ } rz07a (14
dr

’

In which, Mg 15 the backceleulated subgrade resilient

muodulus (psi); P is the applied load (Ibs); d; is the de-
flection at a distance ¥ from the center of the load (in: -
is the distance from the center of the load (in.). Also
note that no temperature adjustment is necded in de-
terming My since the deflection ts only due to subgrade
deformation, a, is the radius of the stress bulb at the
subgrade-pavement interfuce (in.) determined by the

tollowing expression:

(15}

Where, a is the radius of NDT load plate (in.); D is the
total thickness of pavement layers above the subgrade
{in.); Ep is the etfective modulus of all pavement layers
above the subgrade (psi). The temperature of the AC
mix during detlection testing must be measured or esti-
mated from surtace or air temperature. The detlection
{dy) measured at the center of the load plate is adjusted
to a standard temprature of 68 °F (20 °C). The etfective
modulus of all layers above the subgrade may be deter-
mined using the following expression:

| .
| . 1,‘]+(Dfa):

M1+ [P GE, M, )]: Er

d, =150

(16}

For a load plate radius of 3.9 inches, the ratio of £,/ Afy
may be determined by the above equation if the maxi-
mum deflection (d,) and the total thickness ol all lavers
above the subgrade (D) are known. Thus, Fp may then
be determined providing that subgrade resilient mo-
dulus Mg 1s known,

Figure 2 depicts the backealculated resilient mo-
dulus versus taboratory tested results [20]. The recom-
mended approach for the determination of destgn My
from NDT backcaleulution requires an adjustiment factor
{C) to make the backealeulated (dynamic) modulus con-
sistent with the laboratory tested (static) subgrade mo-
dulus. Thus, a value of C of no more than .33 is recom-

mended using the foHowing equation:

f024p
M, = { J (17}

dr
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Figure 2. Compartison of backclaculated resilient modulus
versus laboratory tested results [20].

5.2 Rigid Pavement Backcalculation

Hall [15] solved Losberg's deflection equation th-
rough direet integration of’ Bessel functions for radial
distances of 0, 30.5, 61.0. 91.4 cm (0. 12, 24. and 36
inches) and for ¢, and ¢ values from 38.1 to 203.2 cm
{15 to 80 inches) using the IMSL library. Consequently,
the following regression models were developed using
SAS statistical software package:

n(36 _ AREAJ 4 ARTONN

P 1812.279 o f =
, —2.559340 ¢

ln[ 367 .IRE/{ J 51342k
4521.676303

-3.645555
{18)

With AREA calculated from the four measwred de-
flections, the radius of relative stiftness (¢, or 7 ) in
imches may be obtained from the above equations. The
effective k-value or the clastic modulus (E,) of sub-
grade may be obtained by rearrungement of Wester-
gaard’s or Losberg’s maximum interior deflection equ-
ation as follows, The elastic modulus of PCC slab (£
cal then be determined using the appropriate @ or
equation as defined by equation (6} This backcalcu-
lation approach is also adopted by the AASHTO over-
lay design procedure for the evaluation of existing con-
crete pavements [20].

P i 1+(—IJ In L)+y—l.25 < l (19)
8,0} 2n 27, )]

1 '

YOI : -
E‘_’V—J“ ) 0.19245-0.0372{;—‘} +0.0|90[;—’] |n[:’]

ot

(20

Also note that an adjustment factor of (15 15 recom-
mended 1o convert the effective dynamic (backcalcu-
lated) k-value into effective static k-vatue for use in de-
sign. However, no specific guideline is provided for the
adjustment of backcalculated elastic modulus of PCC
slub (£}, Similar approach was also adopted to develop
a backcalculation procedure tor bare conerete and com-
posite pavements using difterent loading plate confi-
gurations {such as the deflection measured at a dis-
tance of 8, 12, 18, 24, 36. 60 inches away from the load
center). More detailed information can be found i the

literature [21].
6. Study of LTPP Backcalculation Results

6.1 Database Preparation

Starting from 1987, the LTPP program has been mo-
nitoring more than 2,400 asphalt and Portland cement
concrete pavement test sections across the North Ame-
rica. Very detailed information about original construc-
tion, pavement inventory data, materials and testing, his-
torical {raffic counts. performance data. maintenance
and rehabilitation records, and climatic information have
been collected. There are 8 gencral pavement studies
{(GPSYand 9 specific pavement studies (SPS) in the LTPP
program. OF which, only those GPS (1 10 2 for asphalt
concrete and 3 to 3 tor ]mrt]zmd cetment conerete) pave-
ments were used for this study.

[nitially, the DataPave 3.0 program was used to pre-
pare the database. However, in order to obtain additional
variables and the latest updates of the data, the Long-
Term Pavement Performance database retrieved from

http/Awww.datapave.com (or LTPP DataPave Online,

Release 18.0) [22] became the maim source for this study.
This database 15 currently implemented in an informa-
tion management svstem (IMS) which is a relational
database structure using the Microsoft Access program.
Automatic summary reports of the pavement informa-
tion may be generated trom different IMS modules.
tables. and data elements. The thickness of pavement

layers was obtatned from the IMS Testing module rather
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than the TMS Inventory module to be consistent with the
results of Section Presentation module in the DataPave
3.0 program.

6.2 Comparison of Laboratory Tested and

Backcalculated Moduli of AC Pavements

The static (or laboratory tested) celastic modulus data
was recorded in the IMS Testing module. In the LTPP
database, the dynamic moduli of AC tayers were back-
calculated using the MODCOMP4 program [2] and the
data could be retricved from the IMS Monitoring mo-
dule. Thus, it would be interesting to compare the la-
boratory tested layer moduli versus the backcaleulated
dynamic Young’s moduli so as to have a better under-
standing ol their associated vanability. As shown in Fig-
ure 3. the variability of the relationship between the dy-
namic and the statie (or laboratory tested) moduli could
not be ignored {23]. The average ratios of which are ap-
proximately 2.6, 2.7, 7.3, and 3.4 by eliminating some
apparent outliers for AC surface, base. subbase, and sub-
grade layers, respectively.
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In this study. the NDT deflections (ds, o dlis, i,
. o) measured at a distance of 8. 12, 18, 24, 36, 60
inches away from the load center under an applied load
ot 9,000 pounds were retricved and used to backeal-
culate the subgrade My using equation (14). The com-
parison of backcelaculated resilient modulus versus labo-
ratory tested results is also shown in Figure 4. The mean
values and the rattos of backclaculated versus laboratory
tested subgrade My are summarized in Table 1. Except
tor the case of NDT deflections measured at 8 inches
away from the load center (d8), the average ratios of the
backcalculated versus laboratory tested subgrade My
were ranging from 2.8 to 3.4, These results also indicated
that the recommendation of an adjustment factor (C) of
about 0,33 may be appropriate, though more research is
needed to reduce the variations,

6.3 Comparison of Laboratory Tested and
Backcalculated Moduli of PCC Pavements
The modulus of cach pavement layer backealculated

using the ERESBACK 2.2 program |1] was retricved
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Figure 3. Comparison of laver moduli of () AC surlace laver: {b) buse laver: (¢) subbasc layer: and (d) subprade obtained from

laboratory testing and backealeulation program.
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Figure 4. Comparison ol backelaculated resilient modulus versus laboratory tested results using equation (144 and the deflections
measured ata distance of (a) 8 (b) 120 ey [8: ¢d) 241 (¢) 362 und () 60 inches away from the koad center.

Table 1. Comparison of the backealeulated versus laboratary tested subgrade My, using equation { 14)

Backcateulation using d, (deflection at a distance » from

Laboratory - MODCOMP4 the center of the load, i) and equation (14)
Tested Backealculated -
ds* dl2 dIs d24 d3o dol
Mean Subgrade My (MPa) 73 2510 RN 251 217 207 201 244
Ratio | 34 4.3 24 RR1 %] 29 33

Note: * indicates that dR is not sufficiently awav from the load center and is not appropriate for backcaleulation,
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from the IMS Monitoring module. The laboratory tested
layer moduli were compared with the backealeulated
moduli so as (o have a better understanding of their as-
sociated variability in this study. The variability of the
relationship between the laboratory tested (or static) and
backcalculated (or dynamic) moduli could not be ig-
nored. Figures 5(a)-(c) depicts the average ratios are
approximately 1.4, 1.5, and 1.5 for surface, subbasc.
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and subgrade layers for dense liquid foundation, respec-
tively [24]. Note that very few laboratory tested modulus
of subgrade reaction are available in the database. Like-
wise, Figures 5(d)-(1) depicts the average ratios are
roughly 1.0, [.1, and 3.0 for surface, subbase, and sub-
grade layers for elastic solid foundation, respectively
[24]. 1t is noted that the recommendation of dividing the
backcaleulated modulus of subgrade reaction (or k-value)
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Figure 5. Comparison of laboratory tested und backealeulated laver moduli of ta) surface, {b) subbase. and (c)subgrade tor dense
liguid foundation: and (d). (c). (1) for clastic solid foundation. respectively.
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by 2 as the static k-value by AASHTO [20] may be & rea-
sonable choice. though more rescarch study s still needed

to reduce the variability.

6.4 Relationship between Elastic Modulus and
Modulus of Subgrade Reaction
For practical concerns, a relationship between the
clastic modulus and the modulus of subgrade reaction 1s
often needed. According to the literature 1], the follow-
ing empirical relationship was developed from the GPS
and SPS data analysis:

k =0.296E
L on 2
Statistics: R = 0.872, SEE=9.37. N = 596
In which, & is the modulus of subgrade reaction (MPa/m),
£, 1s the subgrade clastic modulus (MPa), R™ is the co-
efficient of determination. SEE is the standard error of
estimates, and N is the number of obscrvations. Ac-
cording the available GPS data, very good agrecements
have been achicved using the above relationship.
Nevertheless, Barenberg [25] has indicated the theo-
retical difference using elastic solid foundation or dense
tiquid foundation for having same maximum detlections
in backcalculation analysis. Assuming a Poisson ratio of
(.5 for subgrade, a Poisson ratio of 0.15 tor concrete
slab, and the clastic modulus of the slab ts 4 Mpsi (27.6
(Pa), the following relationship was derived after some
sunplification process.

43
E

M= 283 7%k (22)
In which. & is the modulus of subgrade reaction (pei). £,
is the subgrade clastic modulus (psi). and h is the slab
thickness (in). As shown in Figure 6(a), the eltect of siab
thickness has to be considered in such a relationship.

The aforementioned relationship was further veri-
fied by comparing the backealculated subgrade clastic
mioduli with the backealculated modulus of subgrade re-
action trom the LTPP database. Slab thickness did have
significant effcets on this relationship as shown in Figure
6(h). Consequently, the following relationship is deve-
loped using regression techniques. In which, & 15 the
modulus of subgrade reaction (MPa/m). £, is the sub-
grade clastic modulus (MPa), and h is the slab thickness
(cm).

I, =0.9015(k*h)"
Statistics: R* = 0.9524, SEE =15.87, N =138

7. Conclusion and Recommendation

The tfundamental principles of flexible and rigid
pavement backcalculation methodologics and their po-
tential limitations were first investigated. The laboratory
tested (or static layer moduli and the backealculated (or
dynamic) meduli were retrieved from the Long-Term
Pavement Performance (LTPP) database. Relatively high
variability was observed indicating that turther rescarch
is needed to improve the current state-of-the-art back-
calculation approach. An adjustment factor ofabout 0.33
for converting the dynamic subgrade Mg to the static Mg
may be appropriate for AC backealeulations, Generally

speaking, the recommendation of dividing the etfective
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Figure 6. Comparison of elastic solid foundation versus
dense liguid foundation based on: (a) theoretical
comparisen [25]; and (b} backcaleulated results,
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dynamic k-value by 2 as the etfective static k-value by
AASHTO [20] 1s a reasonable choice, though more re-
search study is still needed to reduce the variability as
well as to study other possible adjustments. In addition,
it was also found that slab thickness did have significant
ctfects on the relationship ot the backcalculated sub-
grade elastic modulus and the backcalculated modulus
of subgrade reaction. Subsequently, a revised regression

madel was proposed for future practical applications.
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