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ABSTRACT

PURPOSES: The purpose of this paper is showing that the state of pavement sublayers can be evauated differently according to direction of
FWD.

METHODS: The concrete pavement dabs above subgrade without anything, subgrade with cavity, and box culvert were modeled by finite
element method(FEM). The modeled pavements were analyzed by changing the direction of falling weight deflectometer(FWD). The
deflection results obtained from FEM were used to calculate radius of relaive dtiffness and composite modulus of subgrade reaction using
AREA method. Then, the analyzed results were compared to the results of the test performed at the Korea Expressway Corporation(KEC) test
road.

RESULTS: The composite modulus of subgrade reaction increased with subgrade elastic modulus, while radius of relative stiffness
decreased. The pavement sections of pure earth showed the consistent results regardless of FWD direction. In case there was cavity, the radius
of relative stiffness was larger and composite modulus of subgrade reaction was smdler when FWD was leaving the cavity than when
approaching the cavity. This pattern became clear when the cavity got larger. In case of the section with box culvert, the pattern was opposite to
the case of cavity. When the soil cover depth increased, the effect of box culvert got smaller. When the load was gpplied far from the cavity and
box culvert, the effect was aso declined. Thetest performed a the KEC test road showed identical resultsto those of finite element andysis.

CONCLUSIONS : Thedirection of FWD should be considered in evaluation of the state of pavement sublayers because it can be evaluated
differently even under identica condition.
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Concrete slab

Fig. 1 Structure of FWD Located on Pavement
(FHWA, 2000)

E oA AASHTO 98U = AA X oA AA|
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pil %ol FWD 3852 7tst
31 ojuf HRAYS Sl B B Ao JE|E AMEsle] X
% = 741&8}% R o] tH(AASHTO, 1998)
AREA W& FWD AlA 9] fx|ef 4= Foll F3=
wtoma AASHTOOHH% Table 17} Zro] ARg-&= Al
A &) FHrof uhE IX|E AAISHIL §lom B Aol A
£ AT (Yoo et al., 20020l whe} A4 F-8-& AHE
stk A4 5389 A, AREA & Eq. ()3 %ol
AAFEICHAASHTO, 1998).

Table 1. Distance between Loading Plate and Sensors
(AASHTO, 1998)

Distance between loading plate and
Number of sensor
sensors (mm)
A3 300, 600, 900
Ad 0, 300, 600, 900
A5 300, 450, 600, 900, 1500
A7 0, 200, 300, 450, 600, 900, 1500

AREA = 6($>+12 (%) +12 (@) +6<@> W
q d d d

0 0 0 0

A7IA, d, » Ask AFANAM @ mm EBolXl S HE &

HO] A (mm)

FWD AllA1€] 7s=of] T2 Table 29 A<=} Eq. (1)
2 AlAHE AREA 7+ ARE8H Eq. (2)9F Zol] A7
AEkA L AASHHAASHTO, 1998).

| A= AREA
n x25.4 2)

A 7AW (mm)

Table 2. Coefficients of Radius of Relative Stiffness
by Number of Sensor (AASHTO, 1998)

Number of Coefficient
sensor A B C D
A3 24 662272 | —2.122 4.001
Ad 36 1812.279 | —2.559 4.387
A5 48 158.400 | —0.476 2.566
A7 60 289.708 | -0.698 2.566
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(a) Pavement section with cavity

Lean Concrete Subbase

Concrete Slab

(b) Pavement section with box culvert

Fig. 2 Finite Element Model

Table 3. Size and Element Type of Finite Element Model

Model component Size Element type
Concrete slab 6mXx0.3m CPE4R
Lean concrete subbase 30mXx0.15m CPE4R
CPE4R
Subgrade 30mX6m

CPE3

Dowel bar D32X500 B21
Box culvert 4.5mXx4,5m(0.5m thk.) CPE4R
CPE4R

Backfill -

CPE3

Bowles(1996)2} Pimentel 5(2009)0] A3
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Table 4. Material Properties of Finite Element Model

comggint Material property Value
Elastic modulus (GPa) 28
Concrete slab Poisson's ratio 0.18
Density (t/m°) 25
CTE (microstrains/C) 10%x10°
Elastic modulus (GPa) 15
Leaszgsgscerete Poisson's ratio 0.2
Density (t/m°) 2.3
Elastic modulus (MPa)| 70, 100, 120, 150
Poisson's ratio 0.3
Density (t/m®) 1.9
Subgrade
Friction angle (degree) 35
Dilation angle (degree) 0.1
Cohesion strength (MPa) 0.01
Dowe! bar Elastic modulus (GPa) 200
Poisson's ratio 0.3
Elastic modulus (GPa) 31
Box culvert Poisson's ratio 0.15
Density (t/m°) 2.5
Elastic modulus (MPa) 110
Poisson's ratio 0.25
Density (t/m°) 2.0
Backfill —
Friction angle (degree) 40
Dilation angle (degree) 0.1
Cohesion strength (MPa) 0
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(a) FWD approaching to cavity

T

(b) FWD leaving from cavity

Fig. 3 Direction of FWD in Case of Cavity Existence

Table 5. Size of Cavity

Category Size of cavity
No cavity -
Small cavity 0.15mX0.075m
Large cavity 0.3mX0.15m

Lean Concrete Subbase

Fig. 4 Cases of FWD Loading for Cavity Section
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