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Asset Management Systems
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Management questions

What are the needs? — How much money do | need?
How much money do | get to manage my assets?

How should | spend the money in the best (optimal) way?
Roads, railroads, brigdes etc.
Structural treatments, safety etc.

Where should | spend them?

When in time should | spend them?

What treatments should | select?

Which strategy will | have?

How will my network perform in the short term?

How will my network perform in the long term?

What are the benefits for me as a manager?

What are the benefits for the society — for different stakeholders?

How well can | explain this complex reality for the politicians that decide?




Pavement Management Systems is

multidiciplinary
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Highway engineering
Geotechnical engineering
Structural engineering
Mechanical engineering
Business economics
Socio economics

IT

Logistics

Measurements

etc
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Example: Municipality of Morbylanga
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Visual Inspection and Pavement Management Analysis of app. 20 km
streets

Farjestaden




Equipment
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Inspection

Visual field inspection
GPS positioning— all inspections have a coordinate

speed app 10 km/h

Stereoimages
360 images
Laser scanning

>




Inspection from images

In the same way as field inspection
Severity of deformations, surface defects and cracks
Inspection every 5 m
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Laser skanning - Orkidegatan
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Laser skanning, farg. Andgatan
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Inspection from images
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Purpose: Quality Assurance
But...

A general conclusion is that visual inspection from images are
better than field inspection. The images give a good
trackability and inspections can be repeated

General problems in visual inspections
Longitudinal and transversal deformations can be hard to see
Backlight
Wet or dry surfaces




Pavement Management Analysis
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Classification of type of damage per section in the scale 0-5 where 4-5 is
"Very good” and 0-1 is “Very poor”

Tillstand e
[ ke daiigt

Severity and estension of 100 m sections

Calculation of remaining life
Treatment selection

Treatment cost

Calculation of maintenance backlog
Scenario analysis 2014-23




Condition classes
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sections
are "Very
poor”
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Remaining life
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Very poor section
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Condition distribution
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Treatment selection and treatment cost
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Hot Mix + levelling Very poor condition (deformations, cracks)

Crack sealing 5 Poor condion cracks(preventive treatment)

(@)
Slurry seal 5 Poor condition surface (preventive treatment)
Thin layer il Very poor condition surface
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All treatments have a cost per sg m




Pavement Management Analysis
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Different strategies for a period of 10 years
Different budget scenarios

Establishing priorities — Way through streets have a
higher priority than industry. Residence streets have the
lowest priority.

Stepwise analysis — when available budget are finished,
next section are moved one year forward




Tillstand (0-5)

Change in condition at different budget
scenarios
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Conclusion:

The budget
should be larger
than 250000
SEK otherwise
the condition will
getter worse
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Conclusion:

The budget
should be larger
than 250000
SEK otherwise
the remaining life
will decrease




= WSP
Change in maintenance backlog at different e
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Conclusions
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A significant maintenance is apparant. It is essential to
find a strategy

It is Iimportant to get an even (not jumping) budget

The best strategy is to have a budget of app 250 000
SEK

Do a new inspection after 5 years




Example: Municipality of Sigtuna

Sigtuna
'% Stockholms

App 150 km




Road inventory

Laserdata

Images

Ortofoto

LV (NVDB)- reference




Road inventory

Laserdata

Images

Ortofoto

LV (NVDB)- reference




Road inventory

Laserdata

Images

Ortofoto

LV (NVDB)- reference




Inventering




Inventering

BussF, <Null>
DB, <Null>
P-Plats, <Null>
TrafikSAtg, FartH

cornmaRRa Y g - Overgangsstalle, <Null>

Géng, <Null=, V

Gang, <Null=, H
GC, <Null>, H

GC, <Null>, V

P-Plats, <Null>, V
P-Plats, <Null>, H
Belagg, Asf
Belagg, Grus
Kantstéd, Btg, H
Kantstéd, Gra, H
Kantstéd, Btg, V
Kantstéd, Gra, V

efug, <Null>, <Null>




Inventering fran bild
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Severity of deformations, surface defects and cracks
Inspection every 5 m
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Summary Sigtuna
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Road inventory (Pavements, refuges, bicycle roads, edge support,
parkinglots etc)

Visual road condition inspection of 32000 images

All images have coordinates whick make it possible to connect to the link-
note system in the system Tekis

All data convered to the Tekis system
Added later: inventory of road signs




Pavement Management Systems - PMS
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Value
for
money




PMS - Pavement Management Systems
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Planning pavement maintenance and rehabilitation
activities

A tool for the pavement engineer to decide

B \WHERE
= \WHEN

®HOW

an action will be done

33



PMS Objectives
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@ Optimal Pavement Management
based on socio-economic
considerations

.r
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BENEFITS OF PMS

® A base to show the needs of funds now and in the
future as well as the consequences of lack in funds

e Allocation of funds based on facts

® Use of funds to get the best result possible and be
able to show it

® Feed-back of pavement performance

e An uniform and objective picture of pavement
condition

BWSP [
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PMS is international

B=WSP

/

All countries have pavement management
For as long as they have had roads
Most countries have pavement management systems

IT development have opened the door to handle large
amounts of information

Sometimes it is a requirement from loaning institutes (Worl
Bank)




Old poor road
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Sweden
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Poor road stops the
school bus




Russia

Federal highway in Russia




Russia




England
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"Repaired” pothole




Poor roads
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USA




Good roads
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Mali Tanzania




Good roads

Canada Chile




Good roads
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A pavements life cycle

Condition




Roads for the users
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Pavements for the road users

Vehicle

operating
costs

Access




A pavements life cycle

Condition
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Pavement Life
Cycle Cost
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Optimizing

Cost per year

Total cost

Minimum cost
Road user cost

~_ Road administrator cost

~—— _—
\\\——///




PMS - Overview
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Road Inventory Pavement

s l ' information

Road condition

Longitudinal

unevenness Database

Iaaer\],z\frfgzls Evaluation models
Budget Condition Project Follow-up
needs

monitoring identifigation ~ contracts
RIS @f{ /!
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Network level - Overview
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GOVERNMENT
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\ ” D( at REGION 2
REHABILITATION ( s \
0B LY S

MAINTENANCE | %( \\ REGION 3
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Network to project level
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Network - identification of projects NN —

PRORITY2 [ 1
PRIORITY3 [




PMS - Project Level
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Detailed analysis
of individual projects




etwork to project

Project level
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Need of information
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‘ Fast and automated methods

thods?

| inspections
affic disturbing
ents
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Automated measurements
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Automated measurements

Condition data

Rut depth (1987)
Unevenness IRI (1987)
Cross fall, curvature, hilliness (1991) §
Cross profile |
Texture (2005)

Edge deformation (2002)
Longitudinal profile
Cracks (not yet)

Pictures




Automated measurements
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Measured road lane length
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Visual inspection
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Severity and extension of
different damages are registered




Unevenness — Roughness - Smoothness
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Local uneveness or bumps

63



Rut depth
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Wear of studded
tires




Poor surface drainage




Macrotexture
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Cracking

Svarighetsgrad 2

Svarghetsgrad 1




Cracks

68



Frost dependent cracks




Edge cracking
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Poor drainage
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Water plants in
the ditches

Stagnant water
in the ditches

Eroded solil is
filling the
ditches




Pot holes

BWSP [
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Bleeding asphalt




Ravelling
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Surface dressing where
stones get loose

Svarighetsgrad 3




Patching and local repair
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PMS - Overview

sjuauodwo) SINd

Road Inventory Pavement

s l ' information

Road condition

Longitudinal

unevenness Database

Iaaer\],z\frfgzls Evaluation models
Budget Condition Project Follow-up
needs

monitoring identifigation ~ contracts
RIS @f{ /!
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Automated measurements
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Visual inspection by using images
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S
&

Inspection of damages

Measurement in stereo
images




Falling Weight Deflectometer - FWD
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50 kN

| Bearing
‘ Capacity

DO D20 D45 D90




Ground Penetrating Radar (GPR)
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e Measuring thicknesses
of pavement layers.

« Identifying solid objects
In the road construction

 Different antennas for
different depth




PMS - Overview
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Road Inventory Pavement
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Road Road Inventory Pavement
condition 1

| iaformation
Longitudinal

unevenness

Transversal
unevenness

Coordinates — _Z

X, Y, Z T Node
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Traffic numbers are collected in the
"Traffic Measurement System”

@ Number of vehicles
@ Number of axles

@ Vehicle type

Based on traffic measurements
Equivalent Standard Axle Loads
IS calculated




Example of output from the maintenance
treatment database
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‘' Visa Historikgraf u@]iﬂ

Urval vaa:

Betraktelsed

20081101 [i" Vgnr: 55 Start / Slutdatum Lankroll Sida

2008
Start | 1900-01-01 [i] ormal, syskon fram/bak | | (O Vanster
Grena ® Hager
0601 [we

E su [soen ) |

[ isa avsnitt i graf

Region: |Regi0n Stockholm M Riktning: | Med

Lén: |2 - Stockholms Ian M Korfalt: (10 - 1:afrvagren

Graf:
Kompaktering Langd (m):
Lopande langd (m): 142 - 834 ‘Vagens langd (m): 5211 Atgarder att visa i historikgraf..

Lépande langd: T T T T T T T T T T T T T
200 00 400 500 600 700 800 300 1000 1100 1200 1200 1400

Vagroll:
Lankroll:
Anslutande vag:

o MU SOOI z'&_

2008-11-01
2008-10-25
2008-10-20
2003-10-06
1998-10-01 3
1998-10-01 2
1998-10-01 1
1993-06-01 1
1993-06-01 1
1983-06-21
1979-08-30 mdet
1967-01-01 mdet

(%] [ Im |
Fargbeskrivning: Farg Vagroller: Farg lankroller:
Atgardstyper [ wvardvag
[ aBb - Bindlager av asfaltbetong I &G - asfaltsgrus BN Gastvag
[ 4Bs - Asfaltbetong, stenrik [ GAP - Gummiasfalt tat
Il -ET - Asfaltbetong, tat I 1M - Indrankt makadam
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w
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The maintenance treatment database
covers along period

Length

8000

7000

G000

5000

4

225 1998 2000 2002 2004 2028

1871 1873 1975 1877 1579 1881 1983 1885 1887 1989 1881 18832 1285 1897 1882 2001 2003 2008

Year

Maintenance type [l 1 Hot, Semi-Hot or Cold Wi [l] 2 Surface Dressing
[]4 Seal Coat [ 5 Fictive

. 3 3urface Dressing on grav
W & Other




Expected durability

Livslangd (&r)

25

20

[y
ol

[y
o

0-249

250 - 499 500 - 999

1000 - 2000 -

1999
Trafik

3999

4000 -
7999

8000 -
11999

>12000
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Survival
analysis
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PMS - Overview
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Benefits

Systems [i

Evaluation <—|

Data collection m
and storage \_01__0»14
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PMS Is a

Decision /é‘f‘/

Support

System
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Who are the users?

Primary users

Pe

rforms analysis and produce

outputs from the system
(measurements, data storage,
analysis, further development)

Skilled engineers
Secondary users
Uses the results of the system

Managers



PMS - Overview
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Road Inventory Pavement

s l ' information

Road condition
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Iaaer\],z\frfgzls Evaluation models
Budget Condition Project Follow-up
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Uppféljning PMS Viigniit

Tillstandsforandring Spardjup
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Spérdiup Andel = 9 mm

|&2] Fel pa sidan.

50
40
E
E
(=]
LA 1
] —— 52N - AC
z A 82¥N-BD
g 204+—
=
2
AT =21 Summor ;I
100 IRI Andel = 0,0 mm/r
I IRI Andel > 0,5 mmr
a y _ y y y y _ y . - . . . . 10 IRI Andel = 1,0 mm/r
1887 1985 1589 1880 1991 1882 1883 1994 1835 1996 1997 1993 1933 200 T IRI Andel > 1,5 mmfr
000 IRI Andel = 2,0 mm/r
By | 4] 8] 3 | =~ = = -----J@ IRI Andel = 2,5 mmr
ﬂ||ﬁlﬂl| @lﬁﬁﬁ%@l**| |:|x‘?|§|@ 01 IRI Andel = 3,0 mm/r
Hastighet ~ |Hastighetsklass = [Trafikklass 1 ~ Trafikklass 2 ~ |Trafikklass 3 ~ -0 IRT Andel > 3,5 mmr
All Hastighet | All Hastighetsklass [Al Trafikklass 1 |Al Trafikklass 2 Al Trafikklass 3 AL IRT Andel > 4,0 mm/r
Artal ~ | T TRT Andel = 4,5 mm/r
ttory [1967 [1988 [1989 [1990 [1991 [1992 [1993 [1994 [1995 [1996 [1997 [199a [1999 (2000 [2001 I IRT Andel > 5,0 mm/r
Region ~ |Lan|Spard|Spard|Spard|Spardi| Spardi Spardi Spardi Spardi Spardj Spard] Spard] Spard] Spard] Spard] Spard] Spard] T TRT Andel > 5,5 mmt
B 82N AC #E 31 34 35 39 41 42 36 36 34 30 30 35 29 a0 27 JE IRT Andel > 6,0 mm/r
BD |#ssE 42 42 44 37 41 38 34 32 30 28 30 30 7 26 28 -0 IRI Andel = 6,5 mmT
BEVWAE T 14 24 29 29 27 27 25 27 24 25 25 25 25 24 2B < | A1 TRT Andel r n milj

[ Usga bl | [Rademvide =]
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Output example from the New Swedish PMS
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§ Startpunkt || § Slutpunkt || 5Byt rikining || 3 Rensa Ange stracka

—

& \ valj lan:
L ' [ Stockholm | =]
g L + Vagnummer:  Riktning:

4 [~] Med [+ |

) Hela vagen

G TTTFRITTIT

Borgen

___,_,-—"_"__-_‘k_‘_\_
e
Hasta H h
™ @ Lopande langd
Start 16pande 1angd: Slut 1épande langd:
ysstorpet 5 Hefresta 90000 100000
romsta
Steckholm-Arlonda
Al T .
i © Koordinater SWEREF99 T
\ Startkoordinat Slutkoordinat
= Il = I

Steningehojden Matst

Kimsta

= # | + Skapa stracka |

Arlandast ad

d Gar till anzlys baserst pa vad du valt i kartan eller i ange strécka

Steninge ’ |

|
k l:l Ekeby

v

1147353, 6247178 (SWEREF 55 TM)

ye‘a““a"aws

2 km

Grafens utbredning
' , Grafens utbredning




Output example from the New Swedish PMS

Helavagen:  Li Vagnr: 4 Riktning: Med Lingd e lingd: 0 Slut Bpande l&n: Start koordinat (€, N) ) Slut koordinat (E, N): (i
Vald stracka: Start I5pande Iing Slut lGpande l3nge Start koordinat (€, N) ) Slut koordinat (E, N}

Vil grafmall: Lagg till graf: Korfalt: la grafer.  Langdigraf(

TENCETY S T [0S

2011-06-30 — TSK B

: _Rv‘mm 2010-09-06 E
20100525 - EE

Bargen 2005-0%-01 — ABS

2005-09-01 — ABS

teningenajden Kinsta 2005-09-01 — 0 aBb

Steninge 2005-0%-01 — B Ao

2005-09-01 — BS
2005-0%-01 — | 4Bb
2005-09-01 — Jap

2005-09-01 ? -
51000 92000 93000 94000 95000 56000 97000 598000 95000 100000

kriv ut text for bel§ggningslager




Output example from the New Swedish PMS

panis Eng

G B oo [T

e

64

48 ft

M . ] |
e *"u\r-‘r-rl‘-hml I]"‘r‘»”-‘“"”T._\.-J\..J'a,..-”'"-.N_H\J—szljk_,-r ML L"- 0

B LT TR Y N

$3000 94000 95000 96000 S6000 $9000 100000




Road Surface Condition

VAGVERKET L —

PMS Dalarnas lan , VVag: 60.00

20000531, 13.12 Stracka: O - 5000, Korfélt: 10, Riktning: Framat, Sida for vagdata: 1

600.00 617.00 604.00 618.00
[ e } [ | } [ ‘\ | } [ T O B ‘\ [ } [ I \‘ [ :
0 1000 2000 3000 4000 5000

Véagbredd(m) (7.0 8.0 [11.7 |
Trafik(ADT) (3190 (6090 5780 |
Tung traf(ADT) B (550 530 \
Bel.lager 1 [0Y1B1681 [35ABS1198 [32HABS1293 \
Bel.lager 2 [16MABT1280 [OABT1698 1) [OMABT1292 \
Bel.lager 3 [24MABT1275 [32HABT1287 [2)  13)[28HABT1286 |

Spérd _
G i

5
10 —

1)32MABT1285,2)24MABT1279,3)32MABT 1285,

15—

20—

Ojamnhet
IRI(mm/m)

| |
Vaﬁ" rsion: 19991% D5

— 930601 —
— 980627 —

930721
990617

— 970605

Bestl
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https://pmsv3.trafikverket.se/



https://pmsv3.trafikverket.se/

PMS - Overview
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Change in condition

B=WSP
/
4
y = 0,0741x + 1,5298
3 R? = 0,8817
2,5 .
= M 610 vehicles/day
E 72\ O\ L 1 J _1
E 2 90 trucks/day
o
1,5 3055 m
1 /.0m
90 km/h
0,5
0 ‘ ‘ ‘
5 10 15 20 25 30
Age
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30

Measured rut depth

Predicted rut depth
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Maintenance effect

B=WSP

/s

IRI (mm/m)

4

3,5

3

N
o

N

1,5

0,5

y = 0,0957x + 2,087

R’ = 0,7381

-~

2

y = 0,098x + 0,2498
R? = 0,9156

2

/

7 Maintenance

40 mm Hot Mix 670 vehicles/day |
90 trucks/day
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Predicted unevenness before
maintenance

BsWSP [

Predicted IRI| before maintenance (mm/m)
B_
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Predicted rut depth before maintenance

BsWSP [

Predicted Rut depth before maintenance (mm)
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2= WSP
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How much can different types of maintenance improve the surface

condition?

CM=Cold Mix
HM=Hot Mix
SC=Seal Coat

SD=Surface
Dressing

SHM=Semi-
Hot Mix

P=Preparatory
work

Reduction in IRl due to maintenance

1.0 —
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0.8 —

0.7 —
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Ratio IR /IRl efore

500-999 vehicles/day

|

|

BsWSP [

All

o = o
T

M

=
T

Ch

o
6]

o

L
o

Maintenance type

s0

sh

SHM

SHM P

106



Pavements for the road users

Vehicle

operating
costs

Access




Condition

Evenness
Rut depth
Friction
Texture
Cross fall
etc.

Effects
Environment
Safety
Health
Comfort
Speed
Vehicle

BsWSP [

Valuation

Cost
Environment
Safety
Health
Comfort
Speed
Vehicle




9odueualulew
JSIUIAN

NANANNOOOONOO

BsWSP

AInabuo

uonnjjod

92I10N

abewep podsues |
peoJ Jo 8210y)D
uondwnsuod [an4
eam a1l |

abewep a|2IyaA

110JW0D
Aajes
paads
>
=
= >
o =
v, 5 §%
S wsQ B c g
- @ o032 S Q =
=0 |2 Tcc385 D8 Coq
S n Nowo8=0=0Ro0cc
550008 L. =028 ¢gE
FEXSSSLaexo=omoh




IRl vs Speed - Trucks

Hastighet (km/h)

BWSP [
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Fuel consumption

uel Consumption, SFC (I/1000fkm)

Fuel Consumption, SFC (I/1000fkm)

80

70

60

50 -
40

30

20

10

40

20

-20

-40

60

-80

-100

=a

N

1
Ibs ;

Uneveness IRl (mm/m)

BWSP [
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Tyre wear
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Parts consumption vs. evenness

Parts Consumption, PC, per 1000 fkm -

Partion of new price

0.0014
0.0012

0.001
0.0008
0.0006
0.0004

0.0002

B=WSP

/e

Unevenness IRl (mm/m)
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Capital value vs. evenness
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Comfort

Profile
measurement

\ 4

QC-model

\ 4

IRI

BWSP [

*|SO 2631
*Speed 70 km/h
ePassenger car
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Comfort

Unregistered HyperCam

IRl = 0.784

BWSP [

1 Very poor
2 Poor

3 Fair

4 Good

5 Very good
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Comfort

BWSP [

Profile " QC-model IR
measurement

- . /
Vibration

measurement
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Comfort

IRI vs. Panel rating

Bedsmn Rating
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Road user requirements on road condition

BWSP [

Five reports (in swedish, summary in english)
1. Literature review
* Many countries are making road user opinion studies but few
have find a good connection between rod user opinion and
condition measurements
2. Focusgroup discussions
o Surface drainage is important
* Important condition variables: rut depth, potholes, patches,
roughness and cracks
« Critical condition: If a driver must react to avoid a damage eg a
pothole
o Truckdrivers don't like narrow road with weak edges
 Good understanding of shortage of money
Questionnarie
Driving simulator
Summary

o bk ow




Driving simulator study

Road with water filled ruts

Variation in image, vibration and noise
Questions about experienced safety and comfort
Clear indicator of poor safety at waterfilled ruts

e Speed reduction




Maintenance standard IRI

BsWSP

Trafik (fordon/dygn) Skyltad hastighet (km/h)

120 110 100 90 80 70 60 50]
0-250 4,3 4,7 5,2 5,9 6,7 6,7 6,7
250-500 4,0 4,4 4,9 5,5 6,3 6,3 6,3
500-1000 3,7 4,1 4,5 51 5,8 5,8 5,8
1000-2000 3,0 3,3 3,7 4,2 4,8 5,2 5,2
2000-4000 2,4 2,6 2,9 3,2 3,6 4,1 4,9 4,9
4000-8000 2,4 2,6 2,9 3,2 3,6 4,1 4,9 4, 9|
>8000 2,4 2,6 2,9 3,2 3,6 4,1 4,9 4, 9|




Maintenance standard rut depth

BsWSP [

Trafik (fordon/dygn) Skyltad hastighet (km/h)

120 110 100 90 80 70 60 50]
0-250 18,0 18,0 24,0 24,0 30,0 30,0 30,0|
250-500 18,0 18,0 22,0 22,0 27,0 27,0 27,0|
500-1000 18,0 18,0 20,0 20,0 24,0 24,0 24, Ol
1000-2000 15,0 16,0 17,0 18,0 20,0 21,0 21, Ol
2000-4000 13,0 13,0 14,0 14,0 16,0 16,0 18,0 18, 0|
4000-8000 13,0 13,0 14,0 14,0 16,0 16,0 18,0 18, Ol
>8000 13,0 13,0 14,0 14,0 16,0 16,0 18,0 18,0|




Old road after maintenance

125




Old road in need of maintenance
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Benefits and costs — socio-economic
analysis

B=WSP

/e

Benefits (B): Reduction in future reduction of road user costs
Not real cost but a valuation of costs

Costs (C): all future road administrator costs to manage pavements
Including a tax factor that takes alternative use of money in account

Net Present Value (NPV): B-C

Net Present Value Ration (NPR): (B-C)/C
If NPR is larger than O it is profitable to do something




When to calculate benefits and costs?

B=WSP

/e

Finding best treatment strategy for a project
Socio-economic or business economics

Finding best candidate projects
Or

Finding best maintenance standard to be used
in identification of candidate projects

Finding budget needs &ﬁ -
Finding best network strategy N




HDM-4 Highway Development and
Management

B=WSP

/e

HDM-I1II Highway Design and Maintenance Standards Model
HDM-4 Highway Development and Management

First developed by the World Bank

Today managed by PIARC (The World Road Association)




HDM-4 Highway Development and

Management

Data management

= 2 W £

HDM

Vagnat Ford Atgard
agnat Fordon garder Konfig.

. Database
Road
network
Vehicles
Treatment
Projects
Programs
Strategies

File converter
LW

Externa

system
Databaser,
PMS, etc.

BWSP [

Analythical tools

Projekt Program Strategi

Models

SHG J—

RDWE RUE SEE

RDWE:

RUE:

SSE:

PMS:

Road Deterioration and Works Effects
(Nedbrytning och atgardseffekter)

Road User Effects

(Trafikanteffekter)

Safety, Energy and Environmental Effects
(Trafiksakerhet, energi och miljo)
Pavement Management Systems




Resultat

" p=WSP
: !
Average Roughness by Section (Graph)

Study Mame: MY3 Hdm_2012_300_10
Run Date: 10-04-2013

HDM -4

HIGHWAY DEVELOPMENT & MANAGEMENT

Section: 8210024
Sensitivity: Mo Sensitivity Analysis Conducted
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E 28 —l-Work Programming I
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Resultat

HDM-4

HIGHWAY DEVELOPMENT & MANAGEMENT

Roughness: Average for Road Network by Budget Scenario
(Q[@,Rﬁ) MY3 Hdm_2012_300_10

Run Date: 10-04-2013

B=WSP

Surface Class:

Roughness (m/km)

Bituminous

3.6

3.4

3.2

2.8

2,6

Annual Average Roughness for each Surface Class of the Optimised Work
Programme (weighted by length)

—B-Budget 10000 Mkr
—B-Budget 14000 Mkr
[J Budget 17000 Mkr

[-Obegréansad

2014

2015

2016

2017

2018

2019

2020

Year

2021

2022

2023

2024

2025

2026

HDM-4 Version 2,1

Page 1 0f1




PMS - Overview

sjuauodwo) SINd

Road condition

Longitudinal
unevenness

Transversal

unevenness
Budget

needs

7
-

Sa

Road Inventory Pavement

s l ' Information
Database
Evaluation models
Condition Project Follow-up
rnoqggﬂgg identifigation ~ contracts

atwol

ge of n

entai

Percentage IR

132



Benefits

Systems [i

Evaluation <—|

Data collection m
and storage \_01__0»14

133



	Lecture on �Pavement Management Systems ��in the course��Road Construction and Maintenance �Spring 2014 
	Asset Management Systems
	Management questions
	Pavement Management Systems is multidiciplinary
	Example: Municipality of Mörbylånga
	Equipment
	Inspection
	Inspection from images
	Laser skanning - Orkidegatan
	Laser skanning, färg. Andgatan
	Inspection from images
	Pavement Management Analysis
	Condition classes
	Remaining life
	Very poor section
	Condition distribution
	Treatment selection and treatment cost
	Pavement Management Analysis
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Conclusions
	Example: Municipality of Sigtuna
	Road inventory
	Road inventory
	Road inventory
	Inventering
	Inventering
	Inventering från bild
	Summary Sigtuna
	Pavement Management Systems - PMS
	Slide Number 33
	Slide Number 34
	Slide Number 35
	PMS is international
	Old poor road
	Sweden
	Russia
	Russia
	England
	Poor roads
	Good roads
	Good roads
	Good roads
	A pavements life cycle
	Roads for the users
	Pavements for the road users
	A pavements life cycle
	Slide Number 50
	Slide Number 51
	PMS - Overview
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Need of information
	Automated measurements
	Condition data
	Automated measurements
	Visual inspection
	Unevenness – Roughness - Smoothness
	Local uneveness or bumps
	Rut depth
	Poor surface drainage
	Macrotexture
	Cracking
	Cracks
	Frost dependent cracks
	Edge cracking
	Poor drainage
	Pot holes
	Bleeding asphalt
	Ravelling
	Patching and local repair
	PMS - Overview
	Automated measurements
	Visual inspection by using images
	Falling Weight Deflectometer - FWD
	Ground Penetrating Radar (GPR)
	PMS - Overview
	Slide Number 82
	Slide Number 83
	Example of output from the maintenance treatment database
	The maintenance treatment database covers a long period
	Expected durability
	PMS - Overview
	Slide Number 88
	Slide Number 89
	Slide Number 90
	PMS - Overview
	Slide Number 92
	Output example from the New Swedish PMS
	Output example from the New Swedish PMS
	Output example from the New Swedish PMS
	Slide Number 96
	Slide Number 97
	PMS - Overview
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Predicted unevenness before maintenance
	Predicted rut depth before maintenance
	Slide Number 105
	Slide Number 106
	Pavements for the road users
	Slide Number 108
	Slide Number 109
	IRI vs Speed - Trucks
	Fuel consumption
	Tyre wear
	Parts consumption vs. evenness
	Capital value vs. evenness
	Comfort
	Slide Number 116
	Slide Number 117
	IRI vs. Panel rating
	Road user requirements on road condition
	Driving simulator study
	Maintenance standard IRI 
	Maintenance standard rut depth
	Old road after maintenance
	Old road in need of maintenance
	Slide Number 125
	Benefits and costs – socio-economic analysis
	When to calculate benefits and costs?
	HDM-4 Highway Development and Management
	HDM-4 Highway Development and Management
	Resultat
	Resultat
	PMS - Overview
	Slide Number 133

