AUTOSTRADA POLSKA 2015 / Kielce

21st Int. Fair of Road Construction Industry
Safety of Noise Barriers

Lecture Notes on invitation by ENBF

Overview on person and profession

Name: Volker Claus Falk
Profession: Civil Engineer, Diploma, Karlsruhe University
1990, Germany
Free Consultancy since 2000
Cooperations: Various German Noise Barrier Producers
DVLV, Germany
ENBF, Belgium
Working field: Structural Engineering / Structural Analysis

Soundscreens along roads and rails
Material testing

Transparent Materials

Quality Controll

Interests: Structural Safety and Reliability
Nonlinear Behaviour of Structures
Beam and Truss Structures
Behaviou of thin Plates (llird Order)
Structures with Changing Properties
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Structural Safety - A Matter of Files in a Web

Shown for Acoustic Soundscreens

Kielce / 14.05.2015 page 2 /42



AUTOSTRADA POLSKA 2015 / Kielce

21st Int. Fair of Road Construction Industry
Safety of Noise Barriers

Lecture Notes on invitation by ENBF

CONTENT
* The Situation .
 Materials .
« Actions and .
Resistances .
 Standards .
 Design Concepts .

« Economic Efficiency .

Kielce / 14.05.2015

Procurement
Production
Workers

The Quality-Web
“What if ...”
Conclusions
Examples
Summary

page 3 /42



AUTOSTRADA POLSKA 2015 / Kielce

21st Int. Fair of Road Construction Industry
Safety of Noise Barriers

Lecture Notes on invitation by ENBF

THE SITUATION FOR SOUNDSCREEN BUILDING

 High Acoustic and Structural Requirements

- Different Materials (steel, aluminium, transparent sheets, ...)
- Different Actions (wind, ... ) & Scattering Resistances (material)
« Various Design Standards (EC, 1990, 1991, 1993, 1999 etc.)
 New Design Concepts (semiprobabilistic safety)

« Hard Terms of Economic Efficiency

 Short and Complicate Procurement Situations

« Complex Assembling Processes

 Unskilled Workers with Little Motivation

« Complex Delivery and Mounting Situations

« Changing Usage Conditions
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THE SITUATION
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SAFETY FOR SOUNDSCREENS IMPOSSIBLE ?!?

First Impression:

 Many Risks

« Little Chances

« Hard to achieve

« New Regulations in Standards
* New “European Requirements”

Let’'s have a more detailed look !
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MATERIALS

« Steel

Aluminium

« Transparent Sheets (acrylics, polycarbonate, glass)
* Insulating Materials (mineral wool, hemp, ...)

« Cement Fibre Sheets

« Wood

« Various Others

Each of this materials has specific resistance values
that scatter around a mean value
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ACTIONS

* Wind Load
 Special Wind Load on Bridges

« Dynamical Impacts along rails
 Various Others
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Wind loads
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Wind loads on bridges
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Dynamic loads along railways
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Dynamic loads along roads
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Other actions

« Temperature

« UV Radiation

« Chemicals

« Stonechipping

* Brushfire

« Danger of Falling Debris
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THE STANDARDS

 Delivery Standards ( steel: EN 10025, aluminium: EN 573)
 Design Standards (EUROCODES, 1990, 1991, 1993, 1999)
 Process Standards (FPC acc. EN 14388 / [ISO 9001])
« CE Mark (EU directives: 89/106/EEC, 93/68/EEC

EU regulation 305/2011)
- Quality Seals (e.g. RAL, TUV, ...)
« Specific National Regulations
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Material Standards

EN 10025 Steel

EN 573 Aluminium

ISO 7823 Acrylics
r—-r——=—=—=—="—=""="—-——mmmmmmmm_—— -
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Construction Design Standards

EN 1990

EN 1991

EN 1993 (steel)

EN 1995 (wood)

EN 1999 (aluminium)
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QUALITY MANAGEMENT

- CE (EN 14388, 14389) - FPC
« EN 1090 (steel, aluminium)
« [1SO9001]
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CE Marks
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DESIGN CONCEPTS

« Scattering Action and Resistance Values
« Partial Safety Factors
« Ultimate Limit States
EQU Loss of equilibrium
STR Internal Failure / Excessive Deformations
GEO Failure of the Ground
FAT Fatigue Failure
* Interaction Rules
« Safety Proofs
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Partial Safety Factors

Similar to “6-0 concept” for car building:
Only 1 failure in 1E+6 cases

Action Resistance
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Basic structural concepts

Interaction rules
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Safety proofs
yp T R
VoS T
r}/_lrj'
Kielce / 14.05.2015

Ultimate limit states
acc. EN 1990

' Z YaQ.i * Yo+ Qi
i=1

Typical safety factors

Ve =15/1,35
7., =11

page 21 /42



AUTOSTRADA POLSKA 2015 / Kielce

21st Int. Fair of Road Construction Industry
Safety of Noise Barriers

Lecture Notes on invitation by ENBF

ECONOMIC EFFICIENCY

« European Economic Crisis
« Extreme Expenses

 Shift of Values
 Profit Maximization
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SHORT PROCUREMENT CYCLES

« Slow Planning Decisions
 Hard Competition

 Long Contract Negotiations
« Little Stocking

 Factory Shutdowns
 Low Quality Products
 High Prices
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PRODUCTION PROCESS

« Time Pressure

« Economic Pressure

 Problems with Material Availability
« Complex Processes

« “Optimized” Production Places
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WORKERS - “THE HUMAN FACTOR”

 Few Skilled Workers

- Bad Work Habits

« Stress
 Subcontracted Workers
« Little Stress Resistance
 Poor Concentrativeness
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THE MEMBERS OF SAFETY

 Realistic Requirements « Safe Procurement
 Well Defined Actions « Skilled Workers

* Qualified Materials « Assembling Control
 Design acc. Standards « Safe Transport

- Safety Concepts « Careful Mounting
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WHAT IF ?

« Even single file failure can lead to severe problems

BUT:

«  Multi-file failure reduces security level significantly
 Risk of damage will rise
« Risk of injuries and even deaths will occur

* In case of extreme actions danger of catastrophy
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CONCLUSIONS

 Material, Design: In normal cases no problem

BUT:

* Needs for money saving: “Cheap materials”
 Procurement: Delivery times, wrong grades
 Production Process: Failure sensitive
«  Workers: “The human factor” / Faults
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HOW TO IMPROVE SAFETY

« Careful Design / Realistic Structural Models
* Quality Management in any Production Step
* Input/ Output Control

 Factory Production Control (FPC)

« External Surveyance

« Customers Feedback

SOME DETAILS:

« Documentations

« Measurement Protocols

* Unique Product Identification
« Document Management
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FINAL RESULT

SAFETY FOR SOUNDSCREENS IS POSSIBLE !!!

BUT:

« Detailed Quality Control Needed
THUS:

SAFE SOUNDSCREENS

CANNOT BE CHEAP
AND VICE VERSA
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Examples for Realized Quality in Europe

«  GERMANY
« POLAND

«  FRANCE

- LATVIA

« ITALY

« SOUTHERN EUROPE
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GERMANY
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POLAND
AOW - A8
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POLAND - Various
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POLAND - Warszawa — PKP
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FRANCE
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LATVIA

Kielce / 14.05.2015 page 38 /42



AUTOSTRADA POLSKA 2015 / Kielce

21st Int. Fair of Road Construction Industry
Safety of Noise Barriers
Lecture Notes on invitation by ENBF

ITALY
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Others in Southern Europe
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SUMMARY

* The Situation
« Materials

e Actions and
Resistances

- Standards
 Design Concepts
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QUALITY IS LIFE

THANK YOU FOR YOUR KIND ATTENTION
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