ao
b Av/A g

Statens vegvesen

Norwegian Public Roads
Administration

Data-Driven Estimation of Elastic
Moduli for Flexible Pavements Using
GPR and FWD Measurements

TRB International Partnership Meeting
Marriott Marquis Hotel
Wednesday, 14 January 2026, 15:00-18:00

Tatek Fekadu Yideti (Ph.D.)
Norwegian Public Roads Administration
Road Technology Section

TRB International Partnership Meeting 23.01.2026




Contents

»Pavement layer thicknesses

and their challenges
»FWD and GPR measurement
»Back-calculation of E-Modulus

»Results

TRB International Partnership Meeting 23.01.2026

AS S



Typical Pavement Layer Thickness

* The layers thickness
Surface wearing course Van es W|th

Binding layer

Base course

Traffic Volume — AADT
Quality of layer materials

Subgrade materials —
frost susceptibility

Etc...

Subbase Crushed stone
22/125 mm

Frost protection layer

Fiber material

Subgrade
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Layer thickness Determination

Jordskjeering
M=1.10

IIIIIIII Slitelag, Ab11 PmE, 40 mm.
70 mm. ARSI Bindlag, Ab11PmB, 30 mm.

* Technical drawing from planning o f] s s

Avrettingslog, Ak eller Fk 72-32 mm, t=50 mm - maks 100 mm

?I " —JL: Forsterkningslag, kult 22-100, t=min. 300 mm
* Measurement during construction o st D o T 12500
* Excavation/coring SO

 Non-destructive method —Ground \
N,

Penetration radar

2040 mm (maks 2090mm). S=—= L 1] Evt. fiberduk
Undergrunn, T2 - T4
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Excavation/coring layers
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Ground Penetrating Radar (GPR)
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. = T Itt T
What is GPR and How R . Revover !
It works?

« Non- destructive measurement technique
= Bound layer

» Uses electromagnetic waves materials

= Unbound layer

« Depict what lies beneath the surface
(sub-base)

 The transmitter sends the radar wave.

scan

* The receiver antenna register the

A

reflections and measure two-ways travel

A2

time.

1

t, = travel ime in pavement

t, = travel time in base
A1 = amplitude of reflection from asphalt
A2 = amplitude of reflection from base

* It works in soil, bedrock, gravel, asphalt,

concrete , water, ice and snow.
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Applications of Ground Penetrating Radar (GPR) In
Road Engineering ) |
PaveScan RDM® 2.0 L P —
o Non-destructive equipment for measuring

voids, density, and insufficient compaction
in asphalt pavements.
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Tatek. Y. (2019) Maling av hulrom i asfalt med georadar - PaveScan RDM Rapportweb
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https://rapportweb.atlas.vegvesen.no/#/rapport/19572410

RAPTOR and GPR measured roads stretches

RAPTOR is a laser-based pavement
deflection method. It is developed for
rapid and continuously registering of the
pavement deflection without traffic delay.

Norwegian

~ >10000 km Main highways
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GPR measurement

Road sections measured with GPR

Road Date of

Ev6 S193D1 m600-m1250 15.05.2024
Ev14 S1D1 m21700-m2175 29.06.2022 6400
Evl4 S2D1 mO0-m4000 29.06.2022 6400
Ev14 S3D1 mO0-m3251 29.06.2022 3813
Ev8 S6D1 m4825-m9980 30.05.2023 3825
Ev6e S27D1 m3400-m3700 21.06.2021 16000
Ev6 S28D1 m210000-m10300 22.06.2021 15500
Fv33 S5D1 m5500-m5800 23.06.2021 1600
Ev16 S62D1 m7798-m8098 23.06.2021 10127
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Road Doctor Software

(ro [
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FWD-deflection measurement

I e e e P G e G

20,0 30,0 45,0 60,0 90,0 120,0 150,0 180,0

- Def.(l), Def.(2), Def.(3), Def.(4), Def.(5), Def.(6), Def(7), Def(8), Def.(9),
Load [kN] pm pm um um pm pm pum pum pum

_ 4243 351,3 299,8 2375 190,1 121,2 82,6 60,2 47,1
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Back-Calculation Software

 ERAPave — Elastic Response Analysis for Pavement

* ELMOD - Elastic Layers Moduli and Overlay Design
- d —
h “|
}r1
Surface E,, M, ¥ 2 I h,
>
Base E,. W, z, I h, ry
Subbase E,, W, I h, g Iy
Y 2z s
Subgrade E,, W, = oy,
R
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E-modulus

» Elasticity is a measure of how
well a material returns to its
original shape and size.

_ Stress (o)
~ Strain (g)

®» Strength Is the amount of
stress required to break or tear
a material.

Strength
G—

Statens vegvesen




E-modulus in the VegDim/ERAPave PP design system — N200 %

(e
. 1
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“Subgrade |

Time

Layer thickness g
design Distress

Condition
deterioration

Response analysis
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E-modulus in the VegDim/ERAPave PP design system — N200

‘ ERAPave PP/VegDim

File Edit Inputs Help Windows

FROJECT DESCRIPTION

Section name | Material propeties

Road number |Eﬁ

Chainage |12

(® MNew Pavement Rehabilitation

DESIGN AND ANALYSIS PARAMETERS
B- MATERIAL, TRAFFIC, AND CLIMATE
i Pavement structure

i beClimate
EI FROST ACTION CONTROL
: i... Frost heave prediction
EI BEARING CAPACITY CONTROL
i... Extreme loading
- LONG TERM PERFORMANCE

ANALYSIS AND RESULTS

Pavement structure  View or edit material properties

Unbound layers and subgrade

Material properties for

M
a4+

Mg

Mmut
s

Sopt

M, 1+ exp[ln _a"’ +k,(S-8,, ])

= Resilient madulus (MPa)

= Resilient modulus (MPa) at optimum degree of saturation
= Seasonal degree of saturation level (%)

= Degree of saturation at optimum water content (%)

a, b ky = Model parameters

Mumber of stress sensitive unbound layer

‘ E-modulus ‘

[] View more parameters [+] Resilient modulus parameters [] Permanent deformation parameters [] Themal and frost parameters

laver  ues) sopts) 7 Fossson's

>




ELMOD

#= Dynatest Elmod6 File: HP11m0-m3370 Session 2 Project: C:\FWD analyses\E16 HP11 m_0_5370_new.mde = O X

o E LIVI O D —_— Eva I u atio n Of La e r Project ReviewData Strucure Moduli Plot Parameters Design LCCA  Options  Settings Help  Exit
Y H 2 ] Gin /f BB P F 1w

Moduli and Overlay Design

e ELMOD — determines the
elastic moduli, stresses and

strains and deflections for

each modelled layers
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RESULTS — GPR image at E14
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RESULTS - layer thickness — E14
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RESULTS - layer thickness
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Avg. E-moduli
Measurement Material Avg. layer at ref. temp
interval (km Layer type Thickness (mm MPa

B aC k 'C al C U I a.t | O n Pavement Asphalt
Crushed
e Subbase gravel 650 111
* E14S1D1 Subgrade sand - 77
Elastic moduli at T =15°C
10000 F | | | I I I I I
i "y
—— E2
Esub
C
= 1000 .
D_ f N
=
E
g I _
£ [ A /E\E—’E
100 !\E\ g = 1
10 | | | | | | | | |
1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 2.15 2.2

Station
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Measurement Laver Material tvoe Avg. layer Avg. E-moduli at
interval (km) y yp Thickness (mm) | ref. temp (MPa)

Back-calculation

Pavement Asphalt 3344
Crushed
Subbase blasted rock 923 181
* E16 562D1 barad Foam glass
Sl Ells gravel 10/50 - L
Elastic moduliat T =15°C
100000 | . . . . |
3 —a—=,
10000 3 sub | 3
= F
o
=
= 1000} —.
= s
S I
? [ ' |
Ll Bt '—'—E—-_._r;q___n___m__ﬂ_r___‘___ﬂ______‘l"__ = e T——]
100 i + ‘s
1[} | | | | |
7.8 7.85 7.9 7.95 8 8.05 8.1
Station
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Measurement interval Material Avg. layer Avg. E-moduli
. (km) Layer type Th|ckness at ref. temp
Back-calculation MPa

Pavement  Asphalt 1197

Subbase Gravel 496 151

* Ev6S193D1 Subgrade clay - 53
Pavement  Asphalt 147 1030

0.975-1.25 Subbase Gravel 646 126

Subgrade silt - 59

10000 - ElasticI moduli at T|= 15°C |
.

—_
o
o
o
; y

E-moduli (MPa)

100 |

10 ! ! ! ! ! !
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

Station
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E, Vs. SCI —_—

Ev8 S7D1
250000
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— 200000

150000

100000
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— 50000

E

undergrunn
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E,-modulus, [MPa]

E, Vs. BCI

1000

Easfaie = 3500 * BCI~0°

900
800 | ¢

700 | 8%
600 e@®

e Esubb Vs BCI

e Power fit

500
400
300
200
100
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E, Vs. BCI

1000
M Esubg = 3600*BCI0
800
700
500 e Esubg Vs BCI

500 e Power fit

400
300
200
100

E;-modulus, [MPa]

undergrunn

BCI [pm]
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Further works

e The R& :
o D project has developed a method f
rpretation and back or
. -calculatio
Weight n based on Falli
g I?eflectometer (FWD), RAPTOR alling
penetrating radar (GPR) , and ground-

* The method wi .
« . will be implemented in connecti ,
rengthening works. ection with

O I M I .V . y V

extensive :
N | ly with RAPTOR and GPR mea
e national road network surements on

TR [
B International Partnership Meeting
23.01.2026

Material innsa in;
Vegstrakninger -

Resultater oottt

Kartgrunniag o0& tolkning 3V jagtykkels

Nedbgyingsdata fra fallodd oo

analyserte lagtykkelser .-

Georadal
som kalibrering av georadar eennnin

Oppgvavingspm\.'er
W |agtykkelser og

Betydning 3 elastis'ltetsmndu
Euerregmng av e\astislxe\smcdu\er e
Nedh@\[mgsdata yed bruk av ATOR i 20

.......... &

Tolkning av \agtykkelser ved bruk av Road poctor”

Road Unctura»pmgramvara
Beamexding 0g tolkning av Georadar data..

av Georadar [ - WSO
25

piskusjon
Konklusjon 08 videre opplolging

peferanser. .
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Thank you for your attention
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