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Infrastructure Management

Content

- Importance of Cycle Traffic

- Network Planning
- Operation of Cycle Networks

- Structural Maintenance — Asset Value
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- Structural Maintenance — Calculation Models
- Operation — Pavement S&A
- Operational Approach for M&R

- Strategic Approach — PMS-Apllications
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Infrastructure Management

Institut fUr Grund- und StralRenbau

Research Fields:

. Strategic Network Development

Pavement Condition survey and assessment
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Pavement Management Systems and Information Systems

Finance requirements for traffic network systems
Design Methods for Pavements

Airfield Management

Funding: Projects from different Institutions
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Cycle Traffic in Germany: European context

Cycle traffic proportion in Europe
(Netherlands = 100 %)
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NL HU DK SE BE DE FI SK PL AT LV CZ SI RO LT EE IT IE EL FR UK BG LU PT ES

[European Commission, 2011; Nationaler Radwegeverkehrsplan, 2012]
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Expressway Belgium:

Infrastructure Management
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Cross Town Expressway Belgium:
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Infrastructure Management
Federal road B28 / Calw County / Black Forest

Car Lane




Canada-Germany Summer Workshop
»Hands on sustainable urban mobility” ; Mc Gill University Montreal 2013

Infrastructure Management
Overview: Network Length of Road Infrastructure in Germany

Area Interstates: 269,04 km?
Area Federal Roads: 344,54 km?

" 12718 m 40203

178151
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" Interstate
457171

M Federal Roads
Country Roads

Municipal Roads

Network length in [km]
Overall network length: 688.243 km

[Der Elsner, 2012; own chart]
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Infrastructure Management

Comparison: Road Network Length vs. Bikeway Network Length in Germany

" 12718 m 40203

36.232 = 20 % with bikeways

178151
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" Interstate
457171

M Federal Roads
Country Roads

Municipal Roads

Example State Capital Munich:
Road Network: 1.200 km

Bikeway Network: 1.200 km
[Der Elsner, 2012; own data]



Bicycles: Availability in Germany
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40 -

30 -

37,5 Mio

20 -

10 -

Inhabitants

Bicycles
[Nationaler Radwegeverkehrsplan, BMVBS, 2020]

Cars
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Distance covered with means of transport (accumulated)

100%
90%
80%
70%

Canada-Germany Summer Workshop
»Hands on sustainable urban mobility” ; Mc Gill University Montreal 2013

Infrastructure Management

60%

50%

40%

30%

Pedestrians

M Cyclists

B Car Drivers

B Car Passenger

~ Public Transport

Kilometer

BMVBS (Hrsg.): Mobilitat in Deutschland 2008, Ergebnisbericht, Bonn/Berlin 2010
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Cycle Conditions

E Mue
5__ good ]

= pioneer

= Karlguhe

= average

= poor

0 5 10 15 20 25
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30 35
Modal Split; Cycle Traffic [%]
[Project Presot, 2010; Karlsruhe Community; Muenster Community; Erfurt Community]
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Importance of Transport Infrastructure

Infrastructure Management

- Road network

- Railway network

- Airports

- Ports and Waterways

- Economic growth
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- Social Balance

- Supply for necessary goods and services

- Distribution of Products

- Access to Education

- Access to Health Care

- Access to Aliment
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Sustainable Transport Infrastructure — Requirements

Traffic Safety

Durability / Life time

Usability

SUSTAINABLE
CYCLE
NETWROKS
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Traffic Signs

Capability

Climate protection

Accessibility

T
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Infrastructure Management

Network Planning

_ - Planing of Demand
Deconstruction and

ReCVCling - Detailed Design
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Construction wg

- Structural rehabilitation
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Infrastructure Management

Network Planning and Design

- Planning of Demand ‘ Strategic Network Development

- Detailed Design
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Forschungsgesellschaft fiir StraBen- und Verkehrswesen

Arbeitsgruppe Verkehrsplanung FGsv

Richtlinien
fur integrierte Netzgestaltung

RIN
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Strategic network development: Quality standard

Infrastructure Management

lll: Town district (Mall, High School ....)

IV: Part of town district (Food store, primary school...)
V: Residential area

[FGSV: RIN 2008]

— Tabelle 9: Verkniipfungsmatrix zur Ableitung von Verkehrswegekategorien fiir den Radverkehr

2_ Kategoriengruppe| auBerhalb bebauter Gebiete innerhalb bebauter Gebiete
= Verbindungsfunktionsstufe AR IR
;__ Uberregional I AR Il IR
__:; regional ] AR Il IR
_E_;_ nahraumig ") AR IV IRIV
= kleinraumig Vv - IRV
?‘;‘ Tabelle 10: Bezeichnung der Verkehrswegekategorien fiir den Radverkehr

= Kategoriengruppe Kategorie Bezeichnung

lj‘ AR Il Uberregionale Radverkehrsverbindung

E‘ AR auBerhaIebiete AR Il regionale Radverkehrsverbindung

'_{ AR IV nahraumige Radverkehrsverbindung

";':‘ IR innergemeindliche Radschnellverbindung

—E:‘ IR T abiets IR I !nnergeme!ndlfche Radhauptvarbmd'ung

= IRIV innergemeindliche Radverkehrsverbindung

f:j‘ IRV innergemeindliche Radverkehrsanbindung

Eglll |1: Downtown (Hospital, University, Opera ....)
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Strategic network development: Quality standard

Infrastructure Management

Tabelle 15: Kategorien von Verkehrswegen fiir den Radverkehr und angestrebte Fahrgeschwindigkeiten fiir den Alltagsradverkehr

Category Type
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Category F ig-
bereich [km) keiten [km/h")]

auBerhalb bebauter AR ﬂbérregionale Radverkehrs.verbindung 10-70 20-30

AR Gebiete AR I reglonale- Radvemehrsverblnd.ung 5-35 20-30

AR IV | nahrdumige Radverkehrsverbindung bis 15 20-30

IR innergemeindliche Radschnellverbindung - 15-25
IR innerhalb bebauter IRl | innergemeindliche Radhauptverbindung - 15-20
Gebiete IRIV | innergemeindliche Radverkehrsverbindung - 15-20

IRV innergemeindliche Radverkehrsanbindung - -
") einschlieBlich Zeitverluste an Knotenpunkten

[FGSV: RIN 2008]



Canada-Germany Summer Workshop

»Hands on sustainable urban mobility” ; Mc Gill University Montreal 2013
Infrastructure Management

Calw Community / Black Forest:

Cycle path for tourists:
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[map: www.landkreis-calw.de]




2. Network Planing

Calw Community / Black Forest:

Cycle path for tourists:
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Prof. Dr.-Ing. Markus Stockner | Institut fir Grund- und StraBenbau | Hochschule Karlsruhe — Technik und Wirtschaft
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Calw Community / Black Forest:

Strategic Network
Development plan 2012:
Targets:

Connection between communities
Raise modal split for cycles

Use of cycles for daily traffic
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Reduce greenhouse gases

[map: www.landkreis-calw.de]]
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Metropolitan Region Rhine-Neckar:

Strategic Network
Development Plan 2013:
Mannheim City

Heidelberg City

Y @Hirschberg
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Infrastructure Management
Metropolitan Region Rhine-Neckar:
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Operational Maintenance

Legal duty to maintain traffic safety:

Cleaning / Winter Maintenance / Plants Maintenance / Small Surface Damages / Traffic
signs Control
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Structural Maintenance

Duty to conserve asset value:

Pavement Condition Assessment / Planning of M&R-Work /PMS-Applications
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Winter Maintenance

Infrastructure Management

Data Base for route planning

Required Network Database

e Road Name/ Number

* Network Nodes / Road Section / length

e Number and crossection of lanes

T R
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Database for Winter Maintenance

¢ Risk Sections

e Limitations for winter maintenance equipment
e Traffic significance

e Cycle part classification
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Winter Maintenance

Infrastructure Management

Data Base for route planning

Requirements for Winter maintenance

e Time of circulation

e Reaction time after ice or snowfall

e Equipment capacity
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¢ Allowed labor time

e Location of winter maintenance equipment

e Allowed de-icing materials
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Infrastructure Management
Winter Maintenance: Planing of winter maintenance operation

Preparation of network data base

Network sections classification to operation level
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Definition of maintenance requirements

Routing for town districts

Release of routing plans and documentation
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Winter Maintenance: Network data

»,Hands on sustainable urban mobility“

Canada-Germany Summer Workshop
; Mc Gill University Montreal 2013
Infrastructure Management

A

T / L
bschnittsparameter [Satz-Nr. 1316]

. | 00411010 rﬂﬂﬂkesiraﬂe

Kreuzung won W Breite [cm] 500
bis [ 1028 Hauznr. wondinks 0o
dber | 0000000 Hauznr. bisfinks 0o
i 1 Hausnr. wonirechts oooz
T 0a Hausnr. bisfrechts 0020
Ketegarie 1 Mumerierungsart 1
L&nae [m] m
Ortsteil 98
Kantenbezeichnung

’DK

xm:bruch ? Hife

Legende

— Autobahn
— Bundesgstralie
— Landesstralle
Kreisstralle

1 |— Hauptstralie
[— Mebenstralie |

— Mebenstraie |l
v |/ Mebenstraiie
L [— Mebenstraiie IV

—— Eizenbahn
B wald
0 Gewerbe
Bebauung
. |™  Garten
Gemeinde
0 400 m

—
Malistab 1:15.000

Ix

Viniedeod | reolz a0

O 'F2-AAE Culh Fom Comlng GmbH, O ol sxd
[

0 Fulm Slboe

-

lolldorb, HsKA, 201




e ey
\|\\\\\\|\\\\\\\|\\\\\\H\\\\\\\l\l\ \ | \

Winter Maintenance: Consideration of special requirements
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& Winterdienst / Innerorts 5.1.1 / Raumneu - [Karte 1:13000 (4597,3249) [449,464] ]
Datei Bearbeiten Planung Liste Extras  Auswahl Metz  Fenster  Hilfe

Infrastructure Management
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Winter Maintenance: Definition of service level
& Winterdienst / Innerorts 5.1.1 / Rdumneu - [Karte 1:42000 (104 72,4227) [929,317] ]
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Winter Maintenance: Routing Level 1 and 2

& Winterdienst / Innerorts 5.1.1 / Rdumneu

Infrastructure Management
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Winter Maintenance: Routing plan

& Winterdienst / Innerorts 5.1.1 / Raumneu

Datei Bearbeiten Planung Liste Extras Auswahl Metz  Fenster  Hilfe
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Infrastructure Management
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Winter Maintenance: Operation plan for hot spots (Example Vienna)

Kehrbezirk 1213
Sekdion 1211
Streufidche &

i
B T

3 R el "__..-f/{ 3 w
% [Holldorb,

: E
HsKA, 2013] &
J ——————




Conservation of Asset Value

Actual Network Value:
[BASt, 2011]
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[Kruse, 2008]

State Capital Munich (2012):

New Construction Network Value:

Annual Investment Needs for M&R

Without accumulated Investment Needs!

New Construction Network Value:

Annual Investment Need for M&R:

[own research project]
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Infrastructure Management

German Interstate and Federal Roads (2010):

230 Mrd. EUR
170 Mrd. EUR

5,6 Mrd. EUR

3,4 Mrd. EUR

20 Mio. EUR
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Conservation of Asset Value: Average Lifetime of pavements

Pavements:

Concrete slabs: 30 years
Asphalt wearing course:

12 — 15 years
Asphalt binder course:

20 years
Unbound layers:
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40 — 60 years

Bridges:

Concrete structures

70— 100 years
Corrosion prevention

20 — 30 years
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Chemical
Load
[
Traffic
Load

Climat chance
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Factors concerning

Lifetime
Construction

Design
Quality

Quality

Material
Quality
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Infrastructure Management
Conservation of Asset Value [SN 640 986 / Switzerla nd]
Technical Decisions
(Bottom up)

Economic Decision
(Top down)
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\nn\nn\n\\\n\\\nn\nu\uu\ |y |




Canada-Germany Summer Workshop
»Hands on sustainable urban mobility” ; Mc Gill University Montreal 2013

Infrastructure Management

Py
\nn\nn\n\mn\\nn\nu\\n\ \ | \ |

Actual Problem: Conducted
M&R
Annual loss
in value
2.5
— 2
0
T
z 1.5
= Case: Insufficient Invest
= o 1
%? ;U Case: No M&R
= g 05
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_ Needed Solution: ‘
- ConductedM Annual loss
= &R in value
=3 2.5
= 2
=l 15

=

Case: Sufficient Invest

Case: No M&R

o
&

Actual Asset VAlue [Mrd. EUR]

Time [a]
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_ Consequence: Point of no return!

:_ Mid-Term Conservation of Asset

= Value not possible!

= 2.5

= | - 2

= x

-

= | =

= | o 1

= >

= S

= <

_:_E‘ C_U O T T T T T T T ]
= g 0 5 10 15 20 25 30 35 40
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e Time [a]
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Key Questions for Life Cycle Management

Operational Approach:

- Actual Network Condition?

- Actual Need for M&R and Costs?

- Reasonable Priority List?

Py
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Strategic Approach:

- Future Network Condition Development?

- Future Asset Value Development?

- Mid-Term optimal M&R-Strategy (Economic view)?

- Mid-Term optimal M&R-Programs (Technical View)?
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Strategic Approach

Canada-Germany Summer Workshop
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Infrastructure Management

Operational Approach
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Pavement Condition Assessment: Condition Parameters

Flexible Pavements

Cracking (RIS)

Rigid Pavements

\nn\nu\\|\|\\|||\uu|m.\....,....|_

Ravelling (SUB)

Patching(FLI)

Disruption ( AUS)

Depression/Setting (SEN)

Unbound Pavements
Swelling (HEB)

Step Joint/Displacement (VER)

Cobbled Pavements
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Pavement Condition Assessment: General German Model

w
W

Warning Value

w

)
wn

== == Functional Class A

Condition Index ZWFLI [%]

L]

= = = Functional Class B

15

10 15

20 25 30 35
Measured Value Patching [% concerned area)
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Pavement Condition Assessment: Calculation Model
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Condition Index ZWFLI [%]
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Pavement Condition Assessment: Calculation Model
5 E EMI 2012:
’,—. (German recommendations for urban roads)
: o Flickstellen

Condition Index ZWFLI [%]

1,5-Wert (ZGl):

= == Functional Class A

1,0 %

Warning Value (ZGlI: 15,0 %

Treshold Value (ZGlll): 25,0 %

R (ZG IV, 5,0-Wert): 30,0 %
Shasivc Vel S B abhlog X s ]
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Condition Assessment for single condition parameters:

Z6)
Area | (ZG<ZGl): Rl

6 - 26N
Area Il (ZGI<ZG<ZGII): L5+20-Zer—zen

ZG—ZGI
35+ ( D

Area lll: (2GlI<ZG<ZGlll): " T @GIII - ZGIN)

45405, ZG—Z6HD
Area IV: (ZGIIIKZG<ZGIV): P

(ZG IV = ZGIII)

5,00
Area V: (ZG>ZGIV):
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Pavement Condition Assessment: Calculation Model for TWSUB, TWGEB, GW

(Proposal for an actual research project)

Condition Index

10 %
ZWFLI R *

ZWSUB >

25 %

20 %

BT
BTN

35%

Usability Value
TWGEB

max
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Pavement Condition Assessment: Project documentation
(Condition assessment maps; Result from an actual research project)
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Pavement Condition Assessment: Project documentation
(Section data sheet; Result from an actual consulting project)

Network data

Cross Section

Pavement Type

Radwegs 2010

Condition Data

[Heller Ingenieurgesellschaft mbH, 2013; www.heller-ig.de]

Infrastructure Management
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Pavement Condition Assessment: Project documentation

(Online Data Information System OnKo2; used by German federal government)
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asiees ammemsRwmIIIEN
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Pavement Condition Assessment: Side effect

Legal duty to maintain traffic safety: Identification from dangerous spots

|
3

[Heller Ingenieurgesellschaft mbH, 2013; www.heller-ig.de]
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Ermitteln erhaltungsbedlrftiger Abschnitte

Homogenous
Sections

Infrastructure Management

MalRnahmenu
nd Kosten
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Erhaltungs-

Determination of the priority class and M&R-Sections
abschnitte
Structural Value (SUB,)
MaRnahmenu
nd Kosten
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Priorisation
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Priorisation of M&R-Sections

Infrastructure Management
(Result from an actual research project)

Ranking within an priority class

AKDringI = |:x [:u(&JBx) + Fy [IU(GEBX)

F\o F: Decision making parameters; traffic load, priority class
WL

Weighting factors, actually 0,39 for GEB; 0,61
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User
Correction

M&R Plan
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Damage Classification

$

Assigement of M&R-Type

¥

Cost Calculation

Canada-Germany Summer Workshop
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Ermitteln der MaBnahmen und benoétigten Haushaltsmittel
Erhaltungs-

abschnitte

Infrastructure Management

MaRnahmenflache

.................

.................

2010 2011 2012 2013 2014 2015
Jahr

I - - DT(I2)- Tiefeinbau Deckschicht

I - - OB(I1) - Oberflichenbehandlungen/Dinnschichtbelag
[ A - TD(E1) - Tiefeinbau Decke (Asphalt: DS + BS)
- I - - TG(E2)- Tiefeinbau gebundene Schichten (Asphalf)
091 ; [ ] A-TO(E3)- Tiefeinbau gesamter Oberbau Asphalt
0,8 34—

2010 2011 2012 2013 2014 2015
Jahr



Aufstellen transparenter und belegbarer Prioritatenlisten

Erhaltungs-
abschnitte

MalRnahmenu
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Priorisation

T IR
\nn\nn\n\\\m\nn\nu\m\ ey |

User
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Erhaltungsprogramm 2010 bis 2014

Ortlichkeit

von

bis

Abschnitts-| Breite

Flache
lange
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Strategic Optimization

What will be the best strategic M&R Plan?

Zustand

A

Canada-Germany Summer Workshop
»Hands on sustainable urban mobility” ; Mc Gill University Montreal 2013

Infrastructure Management

Eingreifbereich

1,5-Wert
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Strategic Approach / Basic Requirements for Modelling

Pavement Condition Data Base
Assessment

- Network identification data

- Pavement condition survey and assessment
e centieation - Structural pavement Data
- Homogenous Section Identification
Prediction Models
Model Assumptions
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M&R Work , section

- Pavement Prediction Models
assignment options

- Allocation of M&R Work Options

- Prediction of long term behavior for different M&R Work
M&R Work , effects for Options
different options

- Economic Model

- Definition of different Optimizition Targets
Network optimization

management targets Target

- Comparision of different management strategies and
M&R Work, find decision making
strategic decision
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Actual Strategic Approach / Pavement Condition D

Example: Pavement Condition Assessmet 2003

wf_State Capital Wiesbaden]

da-Germany Summer Workshop
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Infrastructure Management



ic Approach / PMS Applications

Example: Pavement Condition Assessmet 2007’

4‘
48
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[State Capital Wiesbaden]

o

Actual Strategic Approach / PavementCondltlon at '

la-Germany Summer Workshop
c Gill University Montreal 2013
Infrastructure Management
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Actual Strategic Approach / Model Assumptions
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Strategic Approach / Future Demands
_ Actual Prediction Model:

Infrastructure Management

_— Prediction Functions for Rutting
= 50 . S——— & -
s | /|
= 45 i _Eq&
5 4,0 ﬁw |
= Ly
= ! &
= S 35 /
= @ ‘
_é z 3,0 —_— — e S _@gﬁg e
= o tting %ﬁ@&rediction Function with
= g 25 _ “"Shifting" R
= c e .
= o 20
- o

1,5 -

30
Year of Construction

Year and data of condition survey

[RPE Stra 2001; Volume 1001, Forschung StraBenbau und StraBenverkehrstechnik, 2008]



T R
\nn\nn\u\\\m\nn\nu\m\ ey |

HH\H\\

ittelwert Zustandswert Substanz (Bestand)

2.00

Canada-Germany Summer Workshop
»,Hands on sustainable urban mobility” ; Mc Gill University Montreal 2013

Expected Result: Impact of different level sof invest

Infrastructure Management
2.75

2.50

Development
with Invest

2.25
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Infrastructure Management
Strategic Approach / Basic Requirements for Modelling

Pavement Condition Which Characteristics / Datas should be considered?
Assessment

Section ldentification

Prediction Modells Which Characteristics can be predicted?

e ey
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M&R Work , section Which M&R Work Type can be used?
assignment options

M&R Work, 'effects for What are the long term effects of defined M&R Work Types?
different options

Network optimization
management targets

M&R Work, find
strategic decision
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Actual Strategic Approach / Pavement Condition Data

Data Processing: Rough Data Profiles
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Actual Strategic Approach / Results

Manshmenfiéache
B Verfugbar
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Budget
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Optimale mittelfristige Erhaltungsstrategie / Budgetszenario 1.0

Budget und Malnahmen
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Optimale mittelfristige Erhaltungsstrategie / Budgetszenario 1.5

Budget und Malnahmen

Betran Maknahmenflache
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Optimale mittelfristige Erhaltungsstrategie / Budgetszenario 2.0

Budget und Malnahmen

Betran Maknabmenfléche
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Strategic Approach / Future Demands

Pavement Condition
Assessment

Section ldentification

Prediction Modells
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M&R Work , section
assignment options

M&R Work , effects for
different options

Network optimization
management targets
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Strategic Approach / Future Demands

Infrastructure Management

Pavement Condition
Assessment

Section Identification

Prediction Modells
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Network optimization
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New Research Project “AssEssoR”
Definitions ‘

o

Road Condition

Survey ‘
L

Road Condition

Assessment ‘
S

Section

Identification ‘
S
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‘ Decision making ‘
process

Prediction models ‘
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Environmental
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Technical & ‘
economic aspects
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