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(Nondestructive Test; NDT)

(Guide, 1986; Lytton, Roberts and Stoffels, 1986)
2 (Lytton et al., 1990; Huang, 1993)
1. Surface Loading Test

2. \Wave Propagation Techniques

Wave Propagation Techniques

Surface  Loading
Test 3

1. Static Deflection — Benkleman Beam
2. Steady-State Deflection ~ Dynaflect ~ Road Rater
3. Impulse Load Deflection  Falling Weight Deflectometer (FAD)

FAD (
2.])
(Hoffman and Thompson, 1982; Sebaaly Mamlouk and Davies, 1986; Tholen, Shama
and Terrel, 1982; Uddin et al., 1985; Ullicitz, 1987)

(Peak Value)
(22
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2.2 ?
Ullidiz ~ Coetzee (1995)
21
Chou  Lytton (1991)
(Static
Analysis)
FAD
2.3
Davies ~ Mamlouk (1985)  Roesset  Shao (1985)
(Inertia)
Sebaaly et al. (1986)
FWD 20 40
stolle Peiravian (1996)
(Simplified  model) Dynamic impedance Ong,
Newcomb and Siddharthan, (1991); Nazarian and Boddapati (1995)  Lee, Kimand
Ranjithan (1998) (FEM)
Multi-Layered Viscoelastic Media Kausel Roesset

(1981) Al-Khoury, Scarpas and Kasbergen (2001); Kang (1998) Uzan



(1994)
(Frequency domain) (Complex numbers)
Fast Fourier Transform (FFT)
(Time
domain)
Rajapakse ~ Wang (1995)
FAD (Global
stiffness - matrix) (Laplace domain)
(2001)
(Numerical Laplace Inversion)
nonlinear least square optimization Modified Levenberg-
Marquardt Algorithm
24 7
FAD
2
(1) (Iterative procedures)
BISDEF, CHEVDEF, EVERCALC Least

Square - Optimization
Harichandran et al. (1993); Kang (1998); Sivanneswaran, Kramer and Mahoney (1991)
Uzan (1994)  Fwa, Tan and Chan (1997) Genetic Algorithm



7

(Objective Function) Sivanneswaran

@ ' ' (Data base)

Search technique MODULUS Hook-Jeeves
Pattern Search Algorithm  Three-Point Lagrangian Interpolation

25 7 FWD

( , 2544) .. 2537
Danish Road Directorate (DRD)

FAD  Dynatest 8000 (  21)

DRD

FAD  (Implementation ~ of
Falling Weight Deflectometer Technology and Development of Analytical Pavement
Design Project) Danish soft loans 84
.. 2544 FAD

(Macdonald, 2001) FWD



2.1
Forward
Pkogr;aem Developed By Calculation
Method

BOUSDEF ~ ZHOUgtal.  Odemark-
OREGON  Boussinesq

CHEVDEF  USACE-WES Multi-Layer
Elastic Theory

ELMOD/  P.ULLIDTZ  Odemark-
ELCON DYNATEST  Boussinesq

EVERCALC JMAHONEY, Multi-Layer
etal. Elastic Theory

FPEDDI W.UDDIN  Multi-Layer
Elastic Theory
ISSEM4  R.STUBSTAD Multi-Layer
Elastic Theory

MODCOMP3  L.IRWIN  Multi-Layer
SZEBENY! Elastic Theory

MODULUS TEXAS Multi-Layer

M@M%D Elastic Theory

MICHBACK.  MICHIGAN  Multi-Layer
STATE  Elastic Theory

Calculatio

Subroutin

Odemark-
Boussinesq

CHEVRON

Odemark-
Boussinesq
CHEVRON
BASINPT

ELSYM5

CHEVRON
WESLEA

CHEVRON

Backcalcula
tion
Method

Iterative

Iterative

Iterative

Iterative

Iterative

[terative

Iterative

Data Base

[terative

Non-Linear
Analysis

Yes

No

Maximum Number of Layer

5, Works Best for 3
Unknown

Cannot Exceed No. of
Deflec., Works Best For 3
Unknowns

Yes (Subgrade) Up to 4, Exclusive of Rigid

Yes

Yes

Yes (Finite
Cylinder
Concept)

Yes
No

No

Layer
3 Exclusive of Rigid Layer

Unknown

4

210 15 layers,
Max 5 Unknown Layers

Up to 4 Unknown plus Stiff
Layers

Up to 4 Unknown plus Stiff
Layers

Seed
Moduli

Required

Required

None
Required

Program
Generated

Required

Required
Required

Required

Range
of
Accepta

Required

Required

No
Required
Unknown

Required

Required
Required

Optional

Convergence Routine

Sum of
Percent Error

Sum of Squares of
Absolute Error

Relative Error on 5
Sensors

Sum of
Absolute Error

Unknown

Relative
Deflect. Error

Relative Deflct. Error at
Sensors

Sum of Relative Squared
Error

Sum of Relative Squared
Error



2.1 Falling Weight Deflectometer (FAWD)  dynatest 8000

A
FWD Loading Pulse
Magnitude

Deflection

v

Time

2.2 FAD
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