Department of Lighting Technology

Darmstadt University of Technology

Volume 7

Retroreflective Marking of Vehicles

Published by
Prof. Dr.-Ing. H.-J. Schmidt-Clausen

in the series
Darmstadter Lichttechnik

I

Herbert Utz Verlag - Wissenschaft
Minchen



Table of contents

T PIEfACE .t e e s 4
2 INIOAUCHION ..ttt 4
2.1 Chronology of INVeStiGations ..........ccevrieeiriiircein et e e see e see e 5
3 Basic Investigations........ eereeeetereresteesisre e bt ee b e asant e e reentnrreerareesbes oo 6
3.1 Surrounding LUMINANCES.........veeiieeiesieninteniiinie st ecceeerseree e e snreesresssssssosssenes 6
32 Truck Rear LUMINANCES .......... et 12
3.3 Summary of Existing Luminaﬁce Conaitions et es s 15
3.4 Axial Luminous Intensities of Rear Lafn,:;s ............. e 17
3.5 Lighting Equipment of TIUCKS .......c.cevvecr v ren e s et e 18
3.5.1 Location of Installation of Lighting Equipment..........c.ccceccrienineinnicncnns 20
3.6.2 Coefficient of Retroretlection R’ in Traffic Situations..........c..ccovcvrveennen. 24

3.6 Luminance Thresholds in Laboratory Experiments ....................cccoovviinnennn. 28

4 Potential MarkingS.......ccueviiviiiieee s crtrr et e s rrese e erre e esbaa e seeaeeaean 1....29
4.1 Side MarKiNGS ...c..oiieiiiiiriiereee e ittt e s se e rae e sbresst b e e staeanreaeareeeereean 30
4.2 Rear Markings .........cccocormiieeiimieeecn ittt 31
4.3 Special TrUCK Marking .......cccoeeveeioriie e seeeree ettt enns 32
4.4 Ratings of Different Markings ........ccccoeeerreniinenc e 33
4.5 Reaction Time to Different Types of Marking e 35

5 Large Scale E’Sfberiments Contour Markings ........cccrvviereeiieeiiiererereesrereseresrerenns 36
5.1 PartiCIDANIS ...vveireeiiiiiereiciee e e sceee s e rssesees e eraeeeaeseaneneasrstneeeasrrreeressbesesansssaeennns 37

5.2 Typical Stress and Durability ..........cccccoiiiicnmienceree et 38



5.3 Aging and SoiliNg.........cccovveriiiiciiiienii s 38

5.3.1 Side Of TIUCKS ..coviiiiieiiiiiiiiiii i e 38
5.3.2 Rear of TrUCKS ......ccci vttt e 39
5.3.3 Side View of a Trailer .......c.ccooiiireriiie e 40
5.4 Truck Accidents during Twilight or Night-time..............c..ccoccniciinns feverneen 41
5.4.1 Accident Statistic Bavaria 1984 ................cccooceeiviiiniiiniencieece 41
5.4.2 Accident Statistic Large Scale Experiments 1990 - 1991 .............c.o.u. 43

6 Decent Graphics and Contour Markings ............cccceeviiniinnnciic e 43
6.1 Existing AQvertisSement ...........ccoccvieriiiien it 45
6.2 Area Of TYPes and LOGOS ....coooveiriieeiirieerresireecsires s e e sr e snss s sres s snas s aneas 47
6.3 Rating EXPeriments ..........cccviecriiiiiiiietcnir e e e 49
6.3.1 Size of Letters and Length of Words .............cocoieeiiinccninnniiieciiieeen 49
6.3.2 Types of Letters ... e 51
B.3.83 COlOUS ..ottt e e 52
B.3.4  LOGOS . nutiiiieiiiiiitiie ettt sttt s e e At s s e 53
6.4 Eye Mark EXperiment ... 54
6.5 Measuring of New Retroreflective Elements................ccoeevmniiinnniienieinns 54
6.6 Measuring of Retroreflective Elements in Use.........c..occoviiiiiciiniciiiincnns 56
6.6.1 Contour Marking and Colour of Materials............ccccceecvnneinininininiinnnns 57
6.6.2 Logos / Distinctive Marks and Colours of Materials.................cccvooeee 60
6.6.3 Reduction of Photometric Performance by Dirt........c..cccooiiiiiiininninnnns 61



6.6.4 Advertising EIementsS.......c..occeiiiicniniecre e 63

6.6.5 Requirements after ECE — Regulation No. 104 ...........ccco e 66

6.6.6 National Enforcement Status ECE —R 104..........c...ccooriiiiiiniinniienn 66

6.7 Accident Statistic Large Scale Experiment 1994 - 1999..........c.ccovvcvrecrneeranee 69

7 CONCIUSION ..ottt n e e st amt e smt s snts 71

8 Seitenbeleuchtung und riickwartiges Signalbitd von LKW - Teit 2 .................... 73

9 Optimale Kenntlichmachung von LKW fir reale Verkehrssituationen.............. 191
10 Wirkung retroreflektierender Schrifiziige und Fimenlogos an der Langsseite

von NUEZFANIZEUGEN ..o e 269

11 ECE Regulation NO. 104 ........ocvviimiiiiic it csecnses e 303

12 BIblIOGraphy .......cooeiieiiiiiiics it e b 330



