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Contents:

. What is Permanent Deformation

. Stresses and Strains in and under the Road Structure
Rutting Classification

. Survey Techniques

. Analysis and Diagnostics

Design Against Permanent Deformation

Managing Permanenet Deformation

. Cases
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The Problem: Current Design and Dimensioning
Methods are Made for High Traffic Volume Roads

Permanent deformation

Elastic response
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Challenge: Understanding and Managing Seasonal Changes
and Permanent Deformation in Road Deterioration

Relative Traffic Flow Compared to Amount of
Pavement Distress on Different Seasons

60 %

55%

50%

40%

30%

0%
Winter Spring Summer Fall

+ >
> 6
B Traffic amount M Pavement Distress




ROADEX Network Implementing Accessibility

What i1s Permanent Deformation

Stress T Stress T

P = Plastic deformation
R = Resilient deformation

Strain € | | Strain €
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Permanent Deformation and Re

Rut depth
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Stress T Strength of material Stress T Strength of material
Strain € Permanent deformation Strain €

is stabilizing
Stress T Strength of material Stress T Strength of material

Strain €

Permanent deformation Strain €

accumulates continuously
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Effect of Tyre Types to Stresses and Strains in
Pavement Structure

Super single Twin tyres

Maxi
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The Effect of Tyre Pressure Control System
TPCS / CTI) to Stresses and Strains

Type Pressure Type
Super Single 800 kPa Super Single Super Single 200 kPa
Thickness (cm) Thickness (cm) Thickness (cm)
' - '

Modulus (MPa) Thickness {cm) Modulus (MPa) Thickness {cm) Modulus (MPa) Thickness (cm)

100 100
Modulus {(MPa) Modulus {(MPa) Modulus (MPa)

C.Subgrade 20 www.roadex.org C.Subgrade 20 |:‘ www.roadex.org C.Subgrade 20 www.roadex.org
B. Structure B. Structure B. Structure
Strain -5399 microstrain Strain -2442 microstrain Strain -1021 microstrain

Stress distribution (max)

Stress distribution (max) Stress distribution (max)

-718.2 kPa -374.8 kPa -1903 kPa
Odemark Odemark Odemark
bearing bearing bearing A
Thickness capacity Thickness capacity Thickness capacity
{cm) {cm) {cm)
L1 C. Subgrade L1 C. Subgrade DY C. Subgrade
1 Strain -3135 microstrain Strain -2817 microstrain 1 Strain -2349 microstrain

Stress distribution (max)
-54.6 kPa g

g |

Stress distribution (max)
-60 kPa

-

Stress distribution (max)
-46.6 kPa
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Dynamic Loading and Permanent Deformations

Dynamic load W

P

[ N~ —
S

Constant (static) load W

Wheel load —>»
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New Techniques in Road Diagnostics: 2D/3D GPR,
Digital Videos, 3D Videos, High Precision Thermal
Cameras, Laser Scanners, Lidars
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Integrated Road Data Analysis and Diagnostics

RUT Ave and maxi

GC data [ng]
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Integrated Road Data Analysis and Diagnostics

Distance [m]
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Integrated Road Data Analysis and Diagnostics

Distance [m]
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Cross Section
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RUTTING MODES PROPOSED BY ROADEX

o In addition diagnosis
should cover:
e frost damages
* geotechnical

el problems

* drainage related
problems
e construction faults
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Mode 1 Rutting Problems
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DETECTING MODE 1 RUTTING ON PAVED ROADS

DIELECTRIC VALUE OF BASE COURSE
PAVEMENT STRAIN

SCI VALUE

LABORATORY ANALYSIS (FINES + TS-TEST)
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Indications of Mode 1 Rutting Problems
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Risk of Mode 1 rutting

2%

11%

Norisk
44 %

W Low risk

N59 Newport-Mulranny
Risk of Mode 1 rutting
Roadscanners Qy

W Moderate risk

W High risk

Risk of Mode 1 rutting
[ Morisk
I Low risk
I Moderate risk hi
I Hich risk

S [T

= Freaghien ﬁs}}
Im\:s%a;m “@Eﬁ! Inisrhan
|I'||9Ii1|_l|ﬂr9 Fiock

IRl

Carrickachora Innizlezui | #lesst

Inighlesh, =
s

CarriHahan T Gorrzhy

Fuansitar ST yanmal

Inizhtamkg

Y
- 0
ROADEX

Implementing Accessibility




ROADEX Network Implementing Accessibility

[ME9_1GHz_dirl_E astwesl Distance [im]

gi "qi-' _LIII' e wal-‘;:': g 'l!..i'l"' l
w
=

ey

f
W . i3
lﬂl ol :!‘I Jb! '|.' ll' 'I v
I ||I|‘:|91‘.ﬁ4r #q.l:‘“\'ﬁ:ri 1r||.’r"ulf' M?M HM*II ’1"11% ‘IE L.le-'l.li %‘:ﬁ %m‘i j'ulfJS #ﬁ.lﬁﬂé it i'!.""ﬁ.l. i

._r
h’ Ii

1L

)O \}‘uw T 4||}| 7501.00m | 4d]pp |

T

Depth [m]

GPR Interpretation

500

micrastrain

Risk of Mode 1 rutting

[] Morisk
I | ow risk

Esd S| | g YT T

nambraher | | | A0rmmmmmmmmmmm oo oo oo ooooooooooooooooooooo-oooo- o




ROADEX Network Implementing Accessibility

Pavement Thickness and Mode 1 Rutting Risk
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Thickness (cm)
5

Thickness (cm) Module (MPa)
100

Module (MPa)
20

Subgrade Subgrade

B. Structure

Strain 3442 microstrain

Stress distribution (max)
374.2 kPa

Thickness
{cm)

Thickness
(cm)

C.Subgrade
Strain 1829 microstrain

Stress distribution (max)
354 kPa

Thickness {cm)

Thickness (cm)

B. Structure

Strain 850 microstrain

Stress distribution (max)

81 kPa
Odemark
bearing
capacity L T~
{MPa)

C. Subgrade

m Strain 920 microstrain

Stress distribution (max)
17.7 kPa
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Solution for Mode 1 Rutting Problems

Remix stabilization

+200 mm
+100 —

-100
-200 Base course
-300 Subbase
-400
-500
-600

Filtercourse,

drainage layer [sand)

Subgrade

+‘L"r
“ 0
ROADEX

Implementing Accessibility

Remix stabilization

Mixing heated old pavement with

the grinded upper part of the base course,

optional new aggregate and

200
N mm bitumen as binder

+100 —

0
-100 Remixed course
-200 Base course
-300 Subbase
-400
-500
-600

Filtercourse

drainage laye

Subgrade

Remix stabilization

New pavement

+200 mm
+100 —

-100
-200
-300
-400

Subbase

Filtercourse,

-500
-600

drainage layer

Subgrade




Mode 2 Rutting Problems
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DETECTING MODE 2 RUTTING ON PAVED ROADS

1. GPR CROSS SECTIONS
2. BClI AND SUBGRADE MODULI

Sweden. Siekkasjarvi 855. 400 MHz. Cross sect. 200

Distance (m)
-3.0 -2.0 -1.0 0.0 10 2.0
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DETECTING MODE 2 RUTTING ON PAVED ROADS
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N 59 7 | g 5 . Risk of Mode 2 rutting
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High Risk for Mode 2 Rutting
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Solution for Modes 2 Rutting Problems

New layers on top MNew layers on top
Removal of old pavement New pavement
+200 mm +200
New base course
+100 — +100
0 0 MNew subbase
-100 -100
200 Base course
- -200
-300 Subbase -300 Subbase
-400 Filtercourse, -400
-500 drainage layer [sand) -500 draina; ndl
= Subgrade -600

Subgrade

Strain 1868 microstrain Strala -2034 micosiain

Stress distribssion fmax) Stress distribution Imax)
€154 103 677 7
Thickness Cphy //\ /\
fom)
oy C. Subgrade C Subgrade

Straia 1456 mioaain

(20) 200 | Strain 343 mirocain

+ ‘ I ‘Stress distribetion (max) Stress distribetion (max)
€22 2 296 P2
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No Risk for Mode 1 and Mode 2 Rutting
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Road Cross Section and Deformation Risk

INE3_400MH=z ection_BE30m| Distange [m]
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COMBINED RUTTING MODES

Section 3_58229

Distance [m]
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n_[ni
1
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Elevatio
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Old road structures
187,44 -

Depth [m]
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FROST ACTION AND PERMANENT DEFORMATION

FREEZING

In February the frost penetrates down ta the

Typical conditions in December-January
silly subgrade forming thick ice lenses close

Frost heave and thaw when read structures are frozen. Frosl

heave is normally 50-80 mm ta the road structure-subgrade interface.
settlement * Frost heave al the road surface can be
30 - 40 cm. *

Wearing course
Road structures
Wearing course
Road structures

rr———— = D' | { [T
Wearing cours . Enbankment

Road structures

Enbankment Enbankment

Subgrade, silt
Ground water

Subgrade, silt

Subgrade, silt
Ground water

I April the sun starts Lo warm Lhe In May melling snow fills the ditches IF the road is exposed to repeated heawvy

road and the road structures begin lo and the ground water table is 20-30 em traffic lnads al this time combined Mode 1

thaw. During this time the structures W LW B from road surface. The ice lenses in ot and Mode 2 rutting and pumping willlake‘ w A,

recompact by 50-80 mim. - - the subgrade have starled to thaw and - - place in the road causing road failure. - -

Mode 0 and Mode 1 rutting can take = N al the same lime the road structure g The read also widens during this phase 3 g

place at this time. o W re-settles 30 cm Lo its original level.  *, due to the flow of plastic material inthe “,
= P = = B whi= subgrade. -

Wearing course
Road structures

Enbankment d struc
Enbankment

+ >
~6é |
Subgrade, silt Subgrade, silt
ROADEX Ground water
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ROAD WIDENING, FROST AND MODE 2 RUTTING
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Solution for Road with Frost Cracking and
Mode 2 Rutting Problems

+200 mm
+100 ——

0
-100
=200
=300
-400
-500
-400

+‘L"r
“ 0
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Steelgrid reinforcements

Pavement

+200 mm
+100 —

0
-100
-200
-300
-400
-500
-600

Steelgrid reinforcements

Installation of steel grid or geogrid

Subgrade

+200
+100

-100
-200
-300
-400
-500
-600

Steelgrid reinforcements

New pavement

Subgrade
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Solution for Combined Rutting Modes (1 and 2)

Mixmilling and new aggregates Mixmilling and new aggregates Mixmilling and new aggregates
Addition of new aggregates Mixmilling

+200 mm +200 mm +200 mm
+100 — +100 — o +100 —

0 0 - 0 Mixmilling
-100 -100 -100
-200 -200 -200
-300 Subbase -300 Subbase -300 Subbase
~400 Filtercourse, -400 Filtercourse, -400 Filtercourse,
-500 drainage layer | - drainage laye -500 drainage laye
-600 -600 -5600

Subgrade Subgrade Subgrade

Mew pavement

+200
+100 New pavement
0 Mixmilling
LY Base course
-200
-300 Subb
400 Filtercourse,
4+ > -igg drainage layer (sand)
; 6 Subgrade
ROADEX
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Mode 2 Rutting Special Case — Peat Subgrade

Chainage [m]
14100 14200 14300 14400

13900 14000

Tirne [ns]

Depth [rm]

Fued [y

bearinc capacity

Location [14216,60m  [WwE=3438213.33m [SN=7286527 34m [Z=16502m | |

Y
g
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Special Structures: Peat Subgrade and
Frost Problems

Soil replacement with Soil replacement
steel grid reinforcements
(when subgrade is e.g. peat] New pavement
+200 mm New pavement +200 mm
+100 — +100 —
0 0
MNew pavement
-1o0 -100
-200 MNew base cource 200
-300 -300
-400 Eiliereaee -400
-500 drainage layer [sand] -500 New filter course, sand
-400 -5600
Subgrade
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ROADEX TOOLBOX FOR EFFECTIVE AND
SUSTAINABLE ROAD CONDITION MANAGEMENT

More effective maintenance

Improving Mews truck technology: | ™
strucrural Tyre pressures )
condition Axle configurations,

Feal time road condition monitoring
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The Role of Drainage in Permanent
Deformation in Ireland

Drainage Class and Average Rut Depth

Rut depth, average

ORoadN59 section 17250-33570

18,00
16,00
14,00
12,00
10,00
8,00

6,00

4,00 A

2,00 -

0,00

15.60

Rut depth

+¥» class 1 class 2 class 3
2” Drainage class
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Road Monitoring and Load Restrictions Policy

Gravel Roads

Dry Wet
Season | Phase Road Road
Fall | Freeze
thaw
cycle

Winter

Koskenkyla

Spring mw Shaw / Edit I Mamwstehml End | S
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:i(rudure e - ‘ — — :
thaw e e [pesth E_m
weakening it H LY. [Z000-04-77 215672 T
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Road Monitoring and Load Restrictions Policy

% PercoStation client software . Roadscanners Oy 2007 (Licensed to Roadscanners Oy)
Tiedosto Néyts Kehitys Mikywst kanavat

Halli-Kuorevesi9/2006->
13.02.2009 - 22.05.2009

Profili [Percdweb ~] Wainda |
Akaionan[373 =] wik

Er

2009-05-18 10:15:54]

050 [151 [[38 [75 l

[oen 180 [ 3 [53

Ao =27 175 51

Waroitusmerkit Er  |[Lamp. I Johtavuus logaritmisena

B, Structure E. Structure

Strain -5111 microstrain Strain -1886 microstrain

Stress distribution (max) Stress dastribaution (max)

03 07.04 17.04 27.04 07.05 17.05
2008 2003 2009 2009

Aika 16.02 26,02 0803 18.03 1117 kP T4 kfa
2003 2009 2003 2003 2003
ki 1+
2009-02-19 00:37:25 2009-05-19 101554
C. Subgrade . Subgrade

Strain - 568 micrastrain

Stress distribution (max)
-15.4 kP

Strain -5277 micrasbrain

Stress distribution (max]
-26.1 kPa

Y
g
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Thank You
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