UNIVERSITY OF TECHNOLOGY
!

) CHALMERS

Road design analysis of Lindholmsallén
in Gothenburg

An evaluation with an in depth simulation using
the software program VISSIM

Master’s Thesis in the Master’'s Programme Infrastructure and Environmental Engineering
!

MATILDA BERG MsRTENSSON !
JOHANNA FRIDH! 1

Department of Civil and Environmental Engineering
Division of GeoEngineering

Road and Traffic Research Group

CHALMERS UNIVERSITY OF TECHNOLOGY
Master's Thesis BOMX02-16-16

Gothenburg, Sweden 2016






0$67 (596 7+ BOMX02-16-16

Road design analysis of Lindholmsallén in Gothenburg
An evaluation with an in depth simulation using the software program VISSIM
ODVWHUSYV 7KHVLV LQ W KihfrddtuMhe diid §Nirnoh & i Egth Eoting
MATILDA BERG MARTENSSON
JOHANNA FRIDH

Department of Civil and Environmental Engineering
Division of GeoEngineering
Road and Traffic Research Group
CHALMERS UNIVERSITY OF TECHNOLOGY

Goteborg, Sweden 2016






Road design analysis of Lindholmsallén in Gothenburg
An evaluation with an in depth simulation using the software program VISSIM

ODVWHKHVLY LQ WKH 0DV Wi#tddthdturd did IBhi-&hinddtal
Engineering

#3$%"&'$!()*+#,*%)-../- !

0/1%--$12*"1 !

© MATILDA BERG MARTENSSON, JOHANNA FRIDH, 2016

Examensarbete BOMX02-16-16/ Institutionen for bygg- och miljéteknik,
Chalmers tekniska hogskola 2016

Department of Civil and Environmental Engineering
Division of GeoEngineering

Road and Traffic Research Group

Chalmers University of Technology

SE-412 96 Goteborg

Sweden

Telephone: + 46 (0)31-772 1000

Cover:
Photograph of Lindholmsallén taken at the bus stop Pumpgatan by the authors of the
report.

Chalmers Reproservice
Goteborg, Sweden, 2016






!
!
!
Road design analysis of Lindholmsallén in Gothenburg

An evaluation with an in depth simulation using the software program VISSIM

ODVWHUYV WKHVLV LQ WK HnfiasDMMW-dH &hf \Envd-bhitead/D P P H
Engineering

#$%"&'$!()*+1#,*%)-../- !

0/1$--$12*"1 !

Department of Civil and Environmental Engineering
Division of GeoEngineering

Road and Traffic Research Group

Chalmers University of Technology

ABSTRACT

%34!5678!9:1+9734;<=>?16@! ?>9A6;?!B;C! 67! 6@! 6DE9>7B;7! 791 CAF4G9E! B! @=@7B6;B:
7>B;@E9>7!@8@74D!6;!9>C4>!:9>1788E6BEEFS 734>H!%36@!6;5G=C4@!4FBG=B76;?!
416@76;?! >9BC@! B;C! 7346>! C4@67?;H! %34! B6D! :9>! 736 @! >4E9>7!6@! 79! B;BG8@4! 73
C4@67?;1:9>17341416@76;?!>9BC! &6,C39GD@BGGIABRZI 7AC@H@! 734! 79BG@! 73B7!
A4>41@47!1934!1>9BCIC=>6;?!734!EGB;;6;?!@7B?4HBEBE®B@'C6F6C4C!6;79/@4F4>BG!
EB>7@!79!?47!BIA6C4! 4FBG=B769;! 9:178334+-8BCHB F@>F64A@! B;C!B;!6;676BG!
G674>B7=>41@7=C8!79!G4B>;!A3653!?79BG@! 73B7!A4>4! @47!9;! 734!>9BC!B;C!67@! C4(
@674!6;FA@76?B769;!6@!BG@9!5B>>64C!9=7!B;C! 7l4SBE H B B85 9;K!
195=@6;?!9;!<=@! @79E! *4?;<L?@7?B7B;K! =@6;?! 734! @9:7ABMHR¥9?#BD!
2>9D!6;74>F64A@! B@A:9=;C!73B7!734!DB6;! ?9BC @9RL*B554@ @6<6G678!:9>1734!
E=<G65!7>B;@E9>7K! @B:4!5>9@ @6;?@':9>! 734'EACA4@7>6B;@!B;C! 6BE>9F4C!9>64;7E
734!B>4BH!%34!>4@=G7@!:>9D!734!C6::4>4,;714FBG=B769; @!@39A@!73B7!734>41B>4!,9!
E>9<G4D@!B7!&6;C39GD@BGGJ;H!2>9D!734IC4@67?;!14FBG=B769;!67!16@!:9=;C! 73B7! 73~
6;! ?4,4>BG! 6@! A4AGG! C4@67;4C! A673! >4@E457! 79! 734! EB>BD474>@! 7>B::65! @
B554@ @@BG8B4,7B769;!B;C! @4FHEMBB>6;?!734!>4@=G7@!A673! 7341 ?79BG@! 73B7!
Ad>41@47KI67'6@!@44;73B7!734'B>4B@ 'B>@4 G- 2@@B/HEB;C!&6;C39GD4;
=G:6G&?9BGC@!<4774>173BFABE>9=;0<=@'@79E'M=DE?B7B;H!%36@!0B6;G8!3B@
79C9AG673!7341@6BBEGA@67;!9:17341GB774>H!2>9D!73414FBG=B769;!67!6 @!:9=;C!73B7!73:
3673!:>4P=4;58!9:1<=@BADX6;4CA673!734|E=<G65! 7>B; @E9>7!E>69>678!B>4!5B=@6;?!
6;74>>=E769;,@!:9>1734!>9BC!7>B::65K! A3653!G4BC@! 79! G9;?4>! P=4=4@! B;C! C4AGB8@
E4C4@7>6B;! 5>9@ @6;?@BBIBHB DI@7G8! :=G:6GG6;?! 734! ?9BG! >47B>C6;?! 7>B::65!
@B:478H!%34!4154E769;!6@!B7!<=@! @79E!M=DE?B7B;K! A34>41 734|EAC4@7>6B;@! ;44
5>9@@! 7BBFGB;4@H! 2=>734>D9>4K! ;97! BGG! 9:! 734! 5>59@@6;?@! B7! 734! @7>447!
59D<6;4C!A673! 7>B::65!5BGD6;?! DAB@=>4@ HBF84;96:6434! B>4B! 3BF4! <44;!
6DE>9F4GBDEB>4C!T7B34!9GC!C4@62MTIB4!=,=@=BG!C4@67?;!9:!1&6;C39GD@BGGJ;!
5B;!1<4159;:=@6;?!:9>!1>9BC!=@4>@!A39!B>4!=;:BD6G6B>!79!734!>9BCH!%34>4:9>4K!<477
6;:9>DB769;!B<9=7!734! @7>=57=>419:1734! B>4B! @39=GC! <4! B>0AGBDHE348!
@6?,@H!.9D4!/@6DEG6:65B769;@!B;C'B@@=DE769;@!B>4DBCA4!6;!734!@6D=GB769;!73B
3BF4!B::4574C!7341>4@=G7H!%>B::65!F69GB769; @! @=53!B@!E4C4@7>6B;@!5>9@ @6;"
A34;167'6@!>4C!G6?37K!6@! ;8CH H34C249D47>8!9:1 734! >IBC @@ @ 6BECK!
A3653!D6?37!3BF4!B::4574C!7341:9>DB769;!9:|B;C+A®!BD9=;7!9:!59;:G6HT @

Key words: Road design analysis, PTV VISSIM, Traffic simulation, Boulevard,
Lindholmsallén.



Analys av viagdesign for Lindholmsallén i Goteborg
En utvirdering med en fordjupande simulering med hjdlp av mjukvaruprogrammet
VISSIM

Examensarbete inom masterprogrammet Infrastructure and Environmental
Engineering

#3$%"&'$!()*+1#,*%)-../- !

0/1$--$12*"1 !

Institutionen for bygg- och miljoteknik
Avdelningen for Geologi och geoteknik
Vig och trafik

Chalmers tekniska hogskola

SAMMANFATTNING

Goteborgs stad vixer och det dr viktigt att strdva mot ett hdllbart trafiksystem for att
fortsédtta utveckla staden. Detta inkluderar utveckling av befintliga vigar och dess
utformning. Syftet med rapporten &r att analysera vigdesignen for den befintliga vigen
Lindholmsallén for att utreda huruvida den uppfyller malen som stilldes nir den
planerades. Analysen dr uppdelad i flera delar for att fa en bred utvérdering av végen.
Den forsta delen bestar av intervjuer och en litteraturstudie for att undersdka véigens
utformning samt vilka mal som sattes vid planeringen. Aven en filtundersdkning
utfordes och som en sista del ocksa en simulering med fokus pa busshallplatsen
Regnbigsgatan, med hjilp av programmet PTV VISSIM. Fran intervjuer framgick att
huvudmalen vid utformning av végen var att prioritera framkomligheten for
kollektivtrafiken, ha hog trafiksékerhet for fotgdngare som ska korsa vigen samt 6ka
orienterbarheten. Resultaten frin utvirderingarna tyder pa att det inte finns nigra storre
problem pd Lindholmsallén. Genom utvérderingen av gatans utformning framgér det
att den dr bra utformad med avseende pa parametrarna trafiksikerhet, framkomlighet,
orienterbarhet och trygghet. Nér resultaten jamfors med malen som sattes observerades
att delarna kring Regnbagsgatans och Lindholmens busshallplats uppfyller mélen béttre
an delarna kring Pumpgatans héllplats. Detta beror till storsta del pad den ldgre
standarden pa den senare. Utvirderingen visar att bussarnas hdga turtdthet i
kombination med prioriteringen av kollektivtrafik orsakar storningar i biltrafiken, vilket
leder till lingre kder och forseningar. Overgéngsstillena i omradet uppfyller till storsta
del malen om trafiksékerhet for fotgdngare. Ett undantag &r vid busshillplatsen
Pumpgatan dér gdende behdver korsa tva korfélt. Dessutom ér inte alla 6vergéngsstéllen
pa vigen forsedda med hastighetsdimpande atgiarder. Orienterbarheten i omradet har
forbattrats jamfort med den tidigare utformningen av védgen. Den annorlunda
utformningen av Lindholmsallén kan dock vara svar att forstd for trafikanter som ar
ovana till omradet. Darfor behovs bittre information om omradets struktur genom till
exempel skyltar. Ett antal antaganden och forenklingar har gjorts i simuleringen som
kan ha paverkat resultatet. Vissa trafikforseelser som fotgéngare som gir mot rott har
inte inkluderats i modellen. Végens geometri har ocksa forenklats, vilket kan ha
paverkat kébildningen och antalet konflikter.

Nyckelord: Analys av vidgdesign, PTV VISSIM, Trafiksimulering, Boulevard,
Lindholmsallén
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Figure 1 The location of Lindholmsallen in Gothenburg, marked in blue
(OpenStreetMap contributors, 2016).
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1.2 Aim
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1.3 Hypothesis
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1.5 Method
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1.5.1 Interviews
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1.5.2 Traffic safety statistics
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1.5.3 Design evaluation
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1.5.4 Simulation
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Figure 2 Map showing the locations of the three bus stops and also marks the

simulation area (OpenStreetMap contributors, 2016). |
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2 Background information
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Figure 3 Map showing the areas of Norra Alvstranden (OpenStreetMap
contributors, 2016).
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2.1 The history of Lindholmen
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2.2 The creation of Lindholmsallén
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Figure 4 The extent of Lindholmsallén, the marked buildings is the old machine

workshop M2 (bottom) and the office building (top), which were used to
decide the width of the road (OpenStreetMap contributors, 2016).
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2.2.1 Goals
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Lindholmsallén

Figure 5 The design of the road and lanes in detail, showing the area around bus
stop Regnbdgsgatan. The road traffic lanes are drawn with solid lines
while the walkways and cycle paths are drawn with dark dashed lines.
The squares show where the crossings are located (OpenStreetMap
contributors, 2016).
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2.2.2 Future
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Figure 6 Vision of the area Lindholmshamnen, also showing the cable cars

(Goteborgs Stad Alvstaden, 2015).
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2.3 The design of Lindholmsallén
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Figure 7 Cross section of Lindholmsalléen (Goteborgs

Stad Stadsbyggnadskontoret, 2001). [
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2.4 Bus stops
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2.4.1 Pumpgatan
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Figure 8 The design of the bus stop Pumpgatan (Photo by authors).
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2.4.2 Regnbagsgatan
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Figure 9 The design of the bus stop Regnbdgsgatan (Photo by authors).
!

2.4.3 Lindholmen
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Figure 10 The design of the bus stop Lindholmen (Photo by authors).
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2.5 Traffic safety statistics
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Figure 11 ~ Map showing the selected areas of Lindholmsallén used for the traffic

safety analysis and evaluation of the design (OpenStreetMap

contributors, 2016). !
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3 Evaluation of Lindholmsallén
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3.1 Design parameters
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3.1.1 Traffic safety
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3.1.1.1 Pedestrians and cyclists
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Figure 12 A road design with separated traffic modes (Illustration by authors).
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3.1.1.2 Public transport
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3.1.1.3 Road traffic
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3.1.2 Accessibility
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3.1.2.1 Pedestrians and cyclists
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Figure 13 Crosswalk and marked bicycle crossing (Photo by authors).

%34!E4AC4@7>6B;!B;C!<6585G4!>9BC@!@39=GC!BG@9!3BF4!?99C!@7B;CB>C!79!:B56G
BGG!A39!7>BF4G@!9;! 734DK!4@E456BGG8!:9>14GC4>G8!B;C!E49EG4! A673!>4C=54C!D
1%>B:6VF4>VA7KIR$I%36@!D4B;@!73B7!DB6; 718,854 EB>B769; @!9:!734!>9BC@!
6@!9:!6DE9>7B;54H!MB>765=GB>G8!C=>6,?!734! KE3ABES4¥BMH<6G678!59=GC!<4!

G9A4>4C!<45B=@4!9:!<BC!@;9AI5G4B>6;?!B;C!?>6776;?!9:17341>90BC@H
!

3.1.2.2 Public transport
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3.1.2.3 Road traffic
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3.1.3 Orientation
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3.1.3.1 Pedestrians and cyclists
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3.1.3.2 Public transport

"7'6@!9:! 6DE9>7B;54! 73B7! 734! E=<G65! 7>B;@E9>7! @ 79E@! E>9F6C4! 734! 7>BF4GGA4:
454@ @B>8!6;:9>DB769;!B<9=7!734! TZHE @ $# 34>4! @39=GC!<4!C47B6G@!B<9=7!
@534C=G4@!B;C!<=@!>9=74@H!"7'@39=GCIBG@9!<4!E9@ @6<G4!79!B554@ @!734!6;:9
<973V39@4!A39!B&ITB;C6;?K!I@6776,?!6;!BIA344G53B6>!B;C!:9>IE49EG4!A6 7316 DEB6>4C!
F6@6INX?F4>V4AT7K! RFB$CC6769;BG! 6;:9>DB769;! 73B7! DBV4A@! 734! 7>6E@! D9>4!
59DE>434;@6<G4!B>417=6CB;54!:9>14|53B; ?¥@B4@BEB!:9>1734!:9GGoAB® 2+
B;C!6;:9>DB769;!B<9=7!4F4;7=BG!C4GB8@!9>!C6@ 7=><B; 548 H2 tcI3E S B; 7!
73B7!<G6;C!B;C!IF6@=BGG8!6DEB6>BEENSBEHB4; 7! 734D@4GF4@! 79KBAOD!B;C

20 CHALMERSKCivil and Environmental Engineering, Master’s Thesis BOMX02-16-16!



7341<@! @ 79H@@! 734>4:9>41 6DE9>7B;71 79! 3BF4! 7B576G4! 76GA4@! 9>!9734>1 2=6C4IEB
34>41B@!AJBSB:6VF4>VATKIRSFIBIB DEG4I9:IBI<=@!@79E!A67317B576G4176GA@!5B;!
<4|@44;16267=>A"H

g /

Figure 14  Tactile tiles at a bus stop. The white stones at the edge are in contrast to
the darker stones and pavement (Photo by authors).

I
3.1.3.3 Road traffic
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3.1.4 Security
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3.1.4.1 Pedestrians and cyclists
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Figure 15  An example of a well designed pedestrian tunnel (Trafikverket, 2015b).
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3.1.4.2 Public transport
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3.1.4.3 Road traffic
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3.2 Design criteria
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Table 1 Showing the different criteria chosen for pedestrians.
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Table 2 Showing the different criteria chosen for cyclists.
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Table 3 Showing the different criteria chosen for public transport.

M=<G65!7>B;@E9>7

%>B::65! @B:478 16?3!@7B;CB>C!B;C!A4GG!DB6;7B6;4C!>9BC@
%>B::65!5BGD6;?'D4B@=>4@!6;!59;;45769;!79!5>9@ @6;?@
);9=?3I5BEB5678!9;!734IEGB7:9>D@
-9IEB@@6;?!7>B::65!A34;!7341<=@!6@!B7!734!@79E
+99C!G67376;?!B717341<=@!@79E!B;C!67@! @=>>9=,C6,?@

$554@ @6<6G67899C!:>4P=4;5819:1734|E=<G65!7>B; @E9>7
+99C!59;:45769;@!B;C!4B@8!B554@@!79!EAC4@7>6B;!B;C!<6585G4IEB73@
#B6;74;B;5419:17341<=@!@79E!B;C!59;,4576;?!>9BC@!6@!?99C
-9IGAF4GICE::4>4:54@!<4TA44;17341@79E!B;C!734!F4365G4
%341CA@67?;19:!7341<=@!@79E! @39=GC!<¥BB; CEHRE

[>64:7B769: O9DE>434;@6<G4!B;CYERGB;B79>8!>9BC!B;Cl<=@!@79E! @7>=57=>4
+99C!1?=6CB;54!B;C!=;C4>@7B;CB<G4!C6>45769;@!79!734!<=@!@79E@
%34>41654@ @B>8!6;:9>DB769;1B<9=71734!7>6E!9:!7341@79E@!|@534C=G4!B;C!>9=74@ _
+99C!G67376;?173B7!5GB>6:64@!C6>45769;@!B;CIF6@6<6G678!B7!7341@79E
%B576G4176G4@!9>19734>1?7=6C4!EB73@!79! B @6 B3 GBEREBAS4CIE49EG4

.45=>678 +99CI9F4>F64A19:17341B>4B
+99C!DB6;74:;B;5419:17341<=@!@79E
+99C!G6?376;?
$554@@6<6G678!79!B;C!:>9D!734I<=@!@9!E49EG4!C9!;97!:44G!7>BEE4C
+99CIC4@67?;|A34>41734>41B>41:919<@5=>4C!9>ICB>V!59>;4>@

CHALMERS Civil and Environmental Engineering 0DV W H U BOMXR2H ¥- 16V 25!



Table 4 Showing the different criteria chosen for road traffic.
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3.3 Design evaluation
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3.3.1 Pumpgatan
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Figure 16  The pedestrian crossing at the bus stop Pumpgatan (Photo by authors).
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Table 5 Evaluation ratings for Pumpgatan.

! Traffic safety | Accessibility | Orientation | Security | Total
Pedestrians fHc'! fH'! AHR! AHcl TUHR]
Cyclists AHR! fl fHR fHc'! T HRI
Public transport | fHR! AHR! AHcl AHcl Tc!
Road traffic "HR! AHc AHR! "Hcl Th!
Total TH! TH! TUH Th! !

3.3.2 Regnbigsgatan

%34b4@=G7@! 290 4FBG=B769;! 9:! *4?2:<L?@7?B7B;! 6@! E>4@4B4GHES7!
*42:<L?2@7?B7BBGDI@7!BGG!9:1 734/ EB>BD474>@!B>41A4GG! DA7TH!%346>1>B76;2@!B>4!I
734!@BDA4K!4ISAETA:E> 165! @ B:ABBKB!?9B!>B76:?!173B7!6@!;97B<G8!GIA4>173B;1734!
9734>@H! %3EWBEBS! <45B=@4! 9BI@M;54! INACGA@67?;4T+B::65! 5BGD6:;?!
D4B@=>/H3! 734!5>9@ @B(2@34>4! B3BBG @9! B!:4A19734>!C4:457@! 73B7!DBC4! 736 @!
>B76;?!GIA4>K!:9>14| BIEEHD: 734 14<>B!5>9@ @6;?@!6@!6;! E99>!59:C6769;!A3653!
G9A4>@!7341B554@ @6<6G678

|

%36@! <=@! @79E! 3B@! D9>4! 7>BF4GG4>@! 73B;! M5IBE3RE F'BV4;! 6:79!
B559=:TA34;!C4@67:6:?1736@'@79EH!%36@!6@!BG@9!@39A;!<8!73B71*4?2;<L?@?B7B;!
36734>1>B76;?!9;! BGDI@7! 4F4>8VEQE7AA!?! 73B7! >4C=54@! 734! >B76:?!:9>! 734!
7>B::65! @B:478!6@! 73E35A43419=23!7>B::65!5BGD6;?! DAB@=>4@!6;! 50t ;4576

7917341 5>9@ @6;?@! 9F4>! 79! 734! KE@BEHRIB@I57@! BGG! 7>B:: 65D A H
M=DE?B7B:K!67!416@7@':9=>! DB>V4C!5>9@ @6:?@! <973! :9>! EACA@HPBB; @! B;C! 585G
B:C!:>9D!7341<=@! @ 79EF3HB9@ @ B 2B >7 @S 4FBTHA3653! D6737!G4BC! 79!
73B717341BE!7>B::65!/C94@!;97!@GIAICIA;'B@!D=53!B@!6:!734!5>0@ @6;?@!A9=GC!<4!:=
4GAFBTAC

|
%34|@4EB>B769;!<47A44;|[EACA@7>6B;@'B;C!585G6@7!59=GCI<4IDBCA4!5G4B>4>H!%9CE
B>4!@4EB>B74C!<8!C6::4>4; 7| DEEBBEACA@7>6B;!B;C!585G4!| EBZF@RAB4!
GB>?4L9A@FACA@7>6B;@! DIF6;?! 79! B;C!:>9D! 734! <=@! @79E! 67! FGC! <41299
@A4EB>B74! 734! EB73@! :=>734>H! ) @B45BB@B&! <44;! 9<@4>FACDBBY!
EAC4@7>6B:@! B>4! ABGV6:?! 9;! 734! SBEBEGHIEEI734>! 736;?! 73B7! B::457! <973!

B554@ @6<6G678!R;65! @B!4@! 73B7! 9;! 9;4! @6C4! 9:! &6;,C39GD@BGGJ;! 734>41 6@! B!
@7B6>AB8!79!B;19::654173B7!1794@!84EEC@ 7>6B;!B;C!<6585GMEBTAED 7B6>K!
A3653!6@! @39A262=>a1cK!6@!B;!9<@7B5G4!:9>1<973IEAC4@7>6B;@IB:C!585G6@7@H!

|

28 CHALMERSKCivil and Environmental Engineering, Master’s Thesis BOMX02-16-16!



The stairway is an obstacle for both pedestrians and cyclists that has to
share the walkway when passing the stairs (Photo by authors).

Figure 17
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Table 6 Evaluation ratings for Regnbdgsgatan.
Traffic safety | Accessibility | Orientation | Security | Total
Pedestrians fHc'! AH] AH] AH! TcHR!
Cyclists fHc'! "HR! AHcll | TcHc!
Public transport | “"HR! "Hc AHcl N TcHc!
Road traffic AHR! AHcl fHc'! | TcHc!
Total TU ThHR' TcHc! ThH! !

!
3.3.3 Lindholmen
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Figure 18  Many pedestrians coming from the buses and the majority walks at the

red bicycle lane instead of on the pedestrian path (Photo by authors).
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Table 7 Evaluation ratings for Lindholmen.
! Traffic safety | Accessibility | Orientation | Security | Total
Pedestrians AHR! AH1 AHcl A1 Th!
Cyclists AH AH Tl Tl Tg!
Public transport | “Hc' o AHcl Al ThH!
Road traffic AH AH Al Tl Th!
Total Th! ThH! ThH! ThH! !
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3.3.4 Visualisation of evaluation result
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Figure 19 Value diagram of the total ratings for the different parameters evaluated.
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Figure 20  Value diagram of the total ratings for the different traffic modes
evaluated.
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4 Simulation

$@E>4F69=@G8!C4@BHBHU@ 6D=GB T6BH66 GBIB9>C4>1791747!BIF6 @B-HORQ@
9:17341B>4B!B;C! 734! E>9<G4D@!73B7!DB8!955=>!B7! 736 @! G95B769;H! %36 @!53BE74>!
A673! B! 6;! C4E73! E>4@4,;7B769;! 9:! 734! D4739C! B;C! E>954C=>4! =@4C! :9>! 734!
@6D=GB769;H! 2=>734>! 9;K! B! C47B6G4C! C4@5>6E769;! 9:! 734! B@@=DE769;@!
@6DEG6:6983;! 734!DI9CAG!6@!E>4@4; 74CHYGGERAAEHRB! B! C4@5>6E769;!9:139A!
734'1@6D=GB769;!D9C4G!6@! <=6 GBHEB4!8B@BB(3C!>4@=G7@!:>9D! 734! @6D=GB769;!
6@b4@4,748C'B;BG8@4CH

I

4.1 Method and work process
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Calibration

Walidation

4.1.1 Data collection
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4.1.1.1 Pedestrians and cyclists

%34! DBA;:95=@! 9:! 736@! >4BEYD! 6:F4@76?B74! 734! 7>B::65! @67+B389:! :9
E4AC4@7>6B;@H!%349WEMA@BFB6GB<G4!:9>1>45BG5=GB76:?!73HEMIAA 7>6B;

6:1 59=;74C! 6:! B;9734>! 39=>HI@BGG! 734! E4C4@7>6B;! 59=t @61 9=7!
<47A44;1ScaSS! B;C! ShaSSH!385G6@7@! A4>41 DI@7G8!59=:74C! C=>6:?1736@! 76D4' B@
A4GGH!

|

" 17341 @6D=GB769;!B>4B!734>41B>4 @4F4>BG!<=6GC6;?@! ARG EAHBICSOB; @

296;?1 79! BC! :>9DH! %34! GB>?4@7! 9:! 734/®BBASAC! B@' @7B>76;?! E96;7@! B;C!
C4@76;B769;@':9>! B! @3B>4!9:! 78A9G=DEBH! %34! BD9=;7!9:| E4AC4@7>6B:@! 73B7!
7>BF4G1791734@4!<=66R@BH@ 9'9<@4>FA4C!C=>6;?!734ICB7B!59GG45769:H

4.1.1.2 Public transport

%34! 54,7>BG! EB>7!9:1 734! @6D=GB769;! 6@! 734! <=@! @79E! *4?;<L?@?B7B;K! G95B74
&6;C39GD@BGGI;H! %36 @! <—&@BHRGRBO®@! B;C!E4AC4@7>6B;@!B>>6F6;?!B;C!
C4EB>76;?!C=>6;?734!A39G4!CB8H!%34!CB7B!59GG45769;!:9>!734!E=<G65!7>B; @E9>7!6
@6D=GB769;!6@!C6F6CA4C!6;79!7A9'EB>7@H!%34!:6>@7'EB>7IAB@!79!>4@4B>53!734!7
:9>1734!1<=@4@!B7!734!@79E!791C474>D6;4!734!:>3RHIGSAIN 7 1<=@!G6;4@H!%9!
:6717341539@4;!@6D=GB769;!76D4K!734139=>1<47A44,!ScaSS!B;C!ShaSS!6;!734!D9>;6;?!

AB@!@7=CB64CH!
!

34 CHALMERSKCivil and Environmental Engineering, Master’s Thesis BOMX02-16-16!



%34!@459;C!EB>7!19:17341CB7B!59G G4 3968 ARBG! 734!BG67376,7!B;C!<9B>C6;?!
EB@@4;?4>@!9;!734!<=@4@K!6;!9>C4>!791C474>D6;41734! @ 3IB>4AAEIBG4! 7>BF4G
4B53!19:1734\<=@!Ge/8@%0=;7'AB@!C9;4!9;4!76 D4A'BBI®'B@ @=D4C!73B7!736 @!@3B>4!
Co4@!,;97!53B;?4! C=>a34A44V'B;C! 73B7! 734! 7>BFAG@4>BHE>9|6DB74G8! 734!
@BD4l<=@!G6;4!59;@6@74;7G8H! (973! 78 CH?38/K69Q! @ 79E! AB@! 59334 4CK!
@9=73!C6>45769;! A673! <=@4@! ?796;?! 79AB>C@! &6;C39GD4;! B;C! 734! ;9>73! C6>45769;

A673!734!1<=@4@!796;?!79AB>C!+9734,<=>?15678!54;7>4H!
!

4.1.1.3 Road traffic
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4.1.2 Building the base model
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4.1.3 Verification, Calibration and Validation
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"@!73415G4B>B;54176D4!:9>173417>B::65!G6?37@!59>>457h!

4.1.4 Simulation

(4:9>41>=;;6;?1734006D=GB783HGB@ 7'@B@RN'53B;?4!@4776;?@!'B;C'EB>BD474>@
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4.2 Assumptions and simplifications in the simulation
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4.2.1 Geometry
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4.2.2 Traffic characteristics
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4.2.3 Routes
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4.2.3.1 Pedestrians
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4.2.3.2 Cyeclists
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585G6@7@!=@A@FA5>9@ @6;?'A34;!7348!5>9@ @!734!@7>447H!%34!BD9=,7!9:14;7>8!B;(
4167'E96;7@!'B>4! @6BDEG6!;97!59;7B6;!<6585G4! EBXY6; 3@6RD! 9<@4>F4C!73B7!
‘4AI585GE@A4A>41=@6;?' 734 EB>9B73A @ 7>447H!"716 @!6; @ 74BC!59DD9;!79'EB>V!9;!
@9DA4!19:1734!@DB@G4A47@!59;,4576;?!79!&6,C39GD@BGGJ;! 73B7!B>4!@67=B74C!5G9C

79!7341C4@76;B769;H!
!

4.2.3.3 Public transport

W34;! 5BG5=GB76;?! 734! BD9=;7! 9:! 7>BF4GG4>@! =@6;?! 734! C6::4>4;7! <=@! G6;4@! 6
@6DEG6:64C! 73B7!734!B>>6FBG@!9:1 734! <=@ @4@! B>4!4F4;G8! CE@T>Ek=74C! C=>6:?
%36@! D4B:@!:9>! 4IBDEG4! 73B7! 734! B>>6FBG@! 9:! <=@! G6:4! ggK! A3653! B559>C6;?! 79
76D4 7B4G@44;16;!SEE4; C6IBKP6FA@4F43816;=741C=>6:71734 @459;C!3BG:!9:!
734159=;74CIE4>69C!<=71D9>416;:>4P=4:7G8!C=>6;?!7341:6>@7!3BG:K!B>414F 4;,G8! @E>4
9=71G>6;71734139=>H1%36@! @6DEG6:65B769;!6 @'BG@9!DBC4!A34;| @6D=GB76;?!734!B>
9:17341<=@4@H

|

'= >6;?1734/CB7B!59GG4576B@IABHEE@C! 73B717341<=@4@!C9!;97'BGABS@! @ 79E!B7!734!
<=@!@79E!6;74;C4C!:9>1 7341 <=@! G6;4H! %36 @' 83BFE3T-EHD =GB 7 57BED)!
C6::65=G7!179!V;9A173414IB57!>4B@9;!79!A38!734815399@4179! @79E!B7!B;9734>!<=@! @7
"17341D9CAG!7341<=@4@! B>4!734>4:9>41 @47! 79 BGAB8@! @79E!B7! 734! <=@! @79E!6;7
:9>17341>4@E4576F41<=@!G6;4@H!

|
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4.2.3.4 Road traffic

$Q@@E769;@!B;C!@6DEG6:65B7E0@US34;15BG5=GB76;?!734!>9=74I1C6@7>6<=769;!
:9>17341>9BC!7>B::65H!126>@7G8K!67!16 @'B@@=D4C!73B7!734!>9BCl=@4>@!539@4!734!(C
:>9D! 9;4! E96;7! 79! B;9734:¢4! 4IBDEGA4! 9:! 736@! 6@! 73B7! 734! 5B>@! 796;?! :>9D!
+\7BF4>V@7?B7B;! 79AB>C@! &6;C398dm@4! 79! ?9! F6B! Q8AL>;! 6,74>@45769;!

6;@74BC! 9:4739=;CB<9=7! =734>! BABSH!@"'BG@9! B@@=D4C! 73B7! 734>4! B>4! ;9!
@7B>76;?1E96;7@!:9>1>9BC!7>B::65!6;!734!D9CAGK!6H4H!;9IEB>V6;?!G97@H!

I

4.3 Collected data

$!C47B6GACIE>4@4;7B769;!19:1734159GG4574C! CBHEIBECOH BIS®4@5>6<4C!
4B>G64>16;!736@!53BE74>1734!ICB7B!59GG45769;|AB@!5B>>64C!9=7!6;!C6::4>4,7'B>4B@k
9;17341<9=;,CB>6@!9:!734|@6D=GB769;'B3&BEE589; @'B>4E>4@4 261G I6RRK!
A34>4E4C4@7>6B;!59=;7!1G95B769;@'!B>4!'E>4@4,74C!6;!G4774>@K!A3GZ @7!>9BC!7>B:
<6585G6@7! B>4! ;=D<4gBH<3@D44;! 734>4! B>4!:9=>!417>B! 59=;7! G95B769;@! :9>!
E4C4@7>6B;@K! 59F4>6;9@A&G2@! 79! B;C! :>9D! 734! <= @V@NIEBHH5B @4!

G4774>@! >4E>4@4,;7! 734! :9=>! <=@! @79E@K! A34>4! 734! CB7B! 59GG45769;! :9>! 734!

7>B;@E9>7!A4>41E4>:95D4CH
!

5
e
LG » H

Figure 22 Locations where the data collection was performed.
I
%34!BF4>B?417>B::65!F9G=D4@'9<7B6;4C!:>9D!734!CB7B!59GG45769;'B>4/E>4@4;74C!6;!
'9GG9A6;?'53BE74>@KIC6F6C4C!6;79!734!C6::4>4:717>B::65!D9C4@!73B7!B>416;5G=C4Cl(
@6D=GB769;H! %034@4! ;=D<4>@! B>4! 59>>4574C! =@6;?! 6;C414@! 6:! ;454@ @B>8! B;C!
5BG5=GBTIE>4@4;7485B&4;C6If . In the tables below the columns called “To”
>4:4>@!79!7341F9G=D4!9:17>B::65!D9F6;?'6;79! 734!B>4BK!46734>!9F4>1 734! @=>>9=;C6;
<9=:CB>64@!<=7'BG@9! 4;74>6;?! :>9D! 738Mre= @@ !column is the traffic
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FOG=D4@!73B7!GABFB@NBEET 34=8!<=@!+6F6;?!9%BGV6;?!9=719:1734ID9CAGH!

In theory these two volumes, “To” and “2rom”, should be the same. But in this case,
4@E456BGG8!:9>1585G6@7!B;C!E4C4@7>6B;@K!;97! 734!59DEG474!<9=;CB>8!9:1734!B
9<@4>FAC!B;C!7348!59=GC! M4674919;! =, @=E4>F6 @4C! G95B769;@H! (=7! 734! DB[9>!
>9BC@K! <6585G4! B;C! E4AC4@7>6B;! EB73@! B>4! @=E4>F6@4C'! @9! E9@ @6<G4! C6::4
FOG=D4@!C=4!79!73B7'@39=GC!;97!<4!TABAGB>24#54@'B>4'D9>4!G6V4G8!79!<4!
B!>4@=G7!9:1C6::4>4;7' A4B734>!6;!59D<6,B7HBBK! 734! GI95B769;@! . TB7®A!
59GG457698;?4C!4F4>8!CH8

[

4.3.1 Pedestrians

%341>4@=G7!:>9D!734/E4C4@7>6B;159=:7!6@!C6F6C4C! 8GRI TBIGIE@ FB4!
:9=>150=:76:?1G95B769;@!9;17341:9=>IE4CA@7>6B;15>9@ @6:?@'!59;:4574C!79!7341<=@'@7
"1736@! 7B<G4! 7341:6>@7! TA9!59G=D;@! 73B7! E>4@4:7! TBB BB ESCADIRA!
EACA@7>6B:@'A39!ABGV!BGG!734!ABSIB5>9@ @K!=@6;?! 7A9!9:1 73449 @6;? @H! %34
59G=D;@!415G=C4!734@4!EA9EG4!B:C!9;G8!C6@EGBS@! 734/ EACA@7>6B;@!59D6:?!:>9
296:217917341<=@K!B;Cl=@6;?19;419:17341:9=>15>0@ @6;? @H!

|

"1 06B<G4BT!6@!5G4B>!73B71734!GB>?4@7!FOG=D4!9:IEACA@7>6B:@!59D6;?!:>9D!7341<-
=@4@!73415>9@@6:?@' ;BDACHTBA@! BG@9! @ 4¥328BIG=D4@! 296;?! 79! 734!
<=@4@'B>4 @BBG®BG @9!D9>414F4;G8!IC6@ 7>6<=74CH

|

Table 8 Result from the pedestrian data collection at areas A to D.
Area | To | From | To (by bus) | From (By bus)
A TR | 'T! M Th!
B fff 1| Th fSS! TS
C Uh | T “U! U
D ffS 1| Tc! fRR! c!
Sum |! 682 41

I

%B<CGH@39A@!734!>4DB6;6;?!,6;4!59=;76;?!G95B769; @H!$GG!9:!734@4!B>4!G95B74C!9
7341<9=;CB>8!9:17341D9C4G!B>4BH!%34!7A9!GB>?4@7!41676;?'FOG=D4@!9:!E4C4@7>6B;
:>9D!734E96;7@BGG4C! +!B;C!dH@34@=G7@!B>4!G6;VAC! 7 B3AFBEHED ! 734!
5>9@@6;?@!(!BIGABC@!79!734!@9=73!@6C4!9: ABUPITIULB>4B@!+!B;C!d!6 @!

G95B74CH!29>173414;74>6;?IEAC4@7>6B;@K!734IGB>?4@7!BD9=;7!59D4@!:>9D!B>4B!)H
!

Table 9 Result from the pedestrian data collection at areas E to M.
Area To From
E Uf! TT!

F fl fl

G RT RfS!
H TT! f !
| TT! T
J R c!

K h! RgN
L c! TR
M fl TS
Sum 129 634
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!

!

W34; |@=DDB>6/@ 734!BD9=;7!9:!E4C4@7>6B;@!59D6;?!6;!79!734!D9C4GK!46734>!<8!
<=@!9>19F4>17341<9=;CB>64@K!734!797BG! F9G=D4!6 @' hTT!E4>@%063E>6;?! 734!
39=>H!%34!797BG!BD9=;7!73B7!B>4ID9F6;?!19=719:1734ID9C4G!6 @!G9A4>K!@=DD4C!79!U
E4C4@7>6B;@H!%36@!C6::4>4;5419:1TIUIE4C4@7>6B;@!5B;!<414|EGB6;4C!<8!B!;=D<4>!
'‘B579>@H!%34!:6>@7!6@!73B7!:9>!734|E4AC4A@7>6B;@!67'416 @7@! @4F4>BG!<=6GC6;?(C
A34>41HIOEGA4!5B;!4,;74>19>14167H! 29> @9D4!9:1 734@4! <=6GC6;?@!67!6@! 9<@4>F4C! 7
more people are entering, resulting in that people are “leaving the model” through
734@4!<=6G@H!$;9734>141EGB;B769;!:9€6:34>4,5416;!FOG=D4@!6 @!<45B=@4! 736 @!

6@! BF4>B?4! FBGYB%EB! G95B769;! 6@!59=;74C! 73>44!1 76D4@K! 9;! C6::4>4,;7! CB8@! B;C!
C=>6;?173>441 A44V@H!%34! A4B734>1C=>6,?! 734@4! A44V @! EB 44T 1@AD4
:6>@7!A44V!167!>B6;4C!59;@7B;7G8!B;C!734!7A9!19734>1A44V@!67'AB@!@=;;8!B;C!AB>DA4:
%36@! DB8! 3BF4! >4@=G74C! 6;! 73BI-@9B4+>4 D9>4! :>4P=4;7G8! =@4CK! ;97!
C4E4;C6;?!9;1734!A4B734>!B;C! @9D4!9;G8!6:!1 734! A4B734>I AB@! ?99CH!%34! BF4>B?4!
5BG5=GB769;!9:!1734IF9G=D4@!59=GC!734;!>4@=G7!6;!B!C6::4>4;54H

!

4.3.2 Cyclists

%341 59=;74C! 7>B::65! FOG=D4@! 9:! 585G6@7@! 6;! 734! B>4B! B>%4H=4Z1BK! 74C! 6;!
C6F6C4C!6;79!734146?371G95B769; @!A34>4BE3MBETA A 14>417341GB>?4@7!:G9A!9:!
585Ga@H779! 734! B>4B!59D4! :>9D! G95B769;! TK! A34>3-73UER>7!9:! 734! >9BC!
*4?,<L?@7?B7B;!59;;457@! 79! &6;C39GD@BGGJ;! B7! 734! >9=;CB<9=7H!%A9! 9734>I GB>?-
:GOA@*»4>9D!734!B>4B@!f!B;CIUK!IGI95B74C!9;!734!@9=73!@6C4!9:!&80639GD@BGGJ;
FOG=D4@!9:!7>B::65!?96;7B=04?8/34!B>4B!6 @!BG@9!GB>?4!B7! 73BEH9;#@»9' G9
%34!>4@=G7@'BG@9! @39AIB3ABIABRGEBB@! 73B7!3673!9KTB>4R! |3B@!9;4!
9:1734!1GB>?4@7!9=7:G9A@!9:!7>B::65H!%34!:B57!73B7!B>4B!fIB;C!U!<973I3B@!3673!6;59LC
B;C!19=7796,?!7>B::65!59=GC!D4B;!73B7!736@!<6585G4!EB73!6 @!B!E9QEB@B>!59DD=76;?!C

:9>1585G6@ 7 @H!
!

Table 10 Result from the cyclist data collection.

Area To From
1 hS! TR

2 TS T

3 T! ATI

4 T RT

5 U NSl

6 g! T

7 Tf! RR

8 fl R
Sum 223 207

I

W34;! @=DDB>6(@ 734! FOG=D4@! 9:! 585G6@7@K! 734! BDOEx4 9@ 79BF34!
DICAGIRGEBV4!734'EACA@ F36B3@>!73B;!734I1BD9=;7!/G4BF6;?!734!B>4BH!";!736 @!5B@4!
7341C6::4>4;5416@! TU!585G6@7@H! %36@! C6::4>4;54! 6 @! 4IEGB6;4C! 6;! Bl @6D6GB>! Al
E4C4@7>6B;@H!%34!416@76;?!<=6GC6;?@!6;!734!B>4B!B>4!BG@9!C4@76;B769; @K!9>!9
7341585G6@7@H!"7!6@! 3B@S58bGE@79E! B7! 734@4! G95B769;@! B;C! 79! 6;79! 734!
<=6GC6;?@H! %34! AABBIFEI@ @ 6636=4,54C734! 585G6@7@! B;C! <45B+@4! 73
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A4B734>159;C6769®::4>4C! C=>6;?! 734! CB7B! 59GG45769;! 9;:4! 59=GC! 4IE457! @9D4!
C6::4>4;5416;17>B::65'F9GaED4@H!
!

4.3.3 Public transport

%34!:6>@7!EB>719:1734!CB7B!59GG45769;!:9>1 734 E=<G65! 7>B; @E9>7! AB@! 79! 6;F4@
A3653!I<=@!G6;4@!73B7!19E4>B74!6;!734BFA3BB;£4P=4,58H!%6D4!7B<G4@!:9>!734!
<=@@4@!73B7!B>>6F4@! 6;! <69 CTB>452>4@4;74C! 6;! SEE4 )AIB084! @459;C!
@74E!AB@59=;7!734!BD9=;719:!7>BF4GG4>@!73B7!4F4>8!<=@!G6;4!3B@!B;C! 734!>4@=
>0D!736@!59=;7'6 @'BG@9'E>4@4,;74C!6;!734! @ BD A=K TBIE~DDB>8!9
734159GG4574CICB7B!I6@!E>4@4;74CH!$@! @44;K!734!@9=73!C6>45769;!3B@!734!3673¢
9:17>BFAGG4>@H!"7!3B@! U!<=@4@!B>>6F6;?!B;C!6;! 797BG! RRIE49EG4!BG67?376;7?! 77
736@!39=>H!%34!;9>73!C6>45769;!BG@9!3B@!B!367?3!;=D<4>!9:I<=@4@!B>>6F6;?K!"U!6
39=>K!<=71734>41B>4!9;G8! TUS!E49EG4! BG6?7376;?!6;! 736@! C6>45769;H! %34! BD9=;7!
<9B>C6;?'EB@ @4,;?4>%DBEBHB76F4ERRA!6;!<973!C6>45769; @!C=>6;?1734!D9>;6;7!
E4BVH!I797BBKE49EGBPF4<9B>C6;?!6;! 734! @9=73!C6>45769;!B,;C!ffl E49EGA4!6;! 734!
;9>73H!%@8 6;C6HhRa! 73B7! 734>41B¥44@6C4;54@! 6;! 734! B>4B!B;C! 73B7! B! @DBGG!
;=D<4>19:1E49EG4!7>BF4G!:>9D!736@!G95B769;! 791A9>V!19>!1@5399G!6;! 734!D9>;6;?H!%3
:B57!73B7!D9>4! E49EG4! <9B>C! 6;! 734!,9>731 C6>45769;! 6 @! BG@9! >4B@9;B<G4!B@! 7!

79AB>C@!734!54;7>419:1+97 38 K>
!

Table 11 Result from the public transport data collection.
! South direction North direction
Bus line | $>>6FBQ (=@!| $G6?376! (9B>C6;! $>>6FB( (=@!| $G6?376} (9B>C6;?
ScaSS | @79 ScaS8 | @791
ShaS§ ShaSs
F@'TU | TR 8 TSN T! Tf! <! RU U
(=@'TUb| T'! 5 TT! R S <! Y Y
=@'gg | g B | hf! fl g! a | R! fl
+=G! h! B cR R TR a TR h!
AE>4@@
F@!™! | u B ~hl! S! U a S! Tf!
=@Mt |~ B RR St Al a cS! f!
F@"SR| R B ch! St R a S! St
Sum 56 522 8 46 160 33

4.3.4 Road traffic

%34!>9BC!7>B::65! AB@!BG@9!59=;74C!B7!46737!G95B769; @K! @67=B74C!B7! 734! <9=(
734!@6D=GB769;!B>4BH!%34!>4@=G76;?!7>B::65!:GOAQ@ BB CHRE4 2403 B!!
5B;!<4!1@44,!73B7!:9=>19:1734|B>4B@ ! 8! 9:B::65!B;C! 73=@!9;G8! 7>B::65!:G9A!6;!
9;41C6>45769;H!%34!GB>?4@7!:G9A!9:!>9BC!7>B::6 546570 34MIB>4B! T!B; C!UK
B@!@44;P=>RR4B>G64>!6;!734!53BE74>H!%34!GB>?4@7!:GOA@!9:!7>B::65!41676;?!7:
B>4B!6@!:>9D!G95B769;!'K!B!59;;4576;?!>9BCK!B;C!c!A34>41&6;C39GD@BGGJ;!59;76;=4
79AB>C@!&6;C39GD4;H
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Table 12 Result from the road traffic data collection.

Area To From
1 cgT! TU!
2 RgU !

3 ] R™MNU
4 Al Rch!
5 TSN cg !
6 cTR! !

7 I Uc'!
8 N Tg!
Sum 1941 1962

%341C6::4>4;5416:1734!1797BGIFIG=D4@!9:1>9BC!7>B::65!6@!@DBGG!59DEB>4C!791734!BL
9:17>B::65! 73B7! DIFA@! 6;! 734! B>4B! C=>6:?! 7341 59=;74C! 39=>H! %34! CB7B! 59GG4576
>4@=G74C!6:173B7!RT!D9>4!F4365G4@!AB@! C>6F6:?19=719:17341B>4BH!29>17341>9BC! 7
BGG! 9:4739=74@! G4BC6;?! 6;! 9> 9=719:! 734! B>4B! A4>41 9<@4>FAC! B4B!67! 46@7@!
EB>V6;?2!G97@!:9>173417>B::65!6;@6C41 734 @6D=GB769;!>B;?4H!%36@!D4B;@! 73B7!67
1971 <41 E9@ @6<G4! :9>! 734! TR BEHT9>! GABF4! =::97654GH06::4>4;541 6!
4:74>6;2!B;Cl41676;2B::65!6@!9;G8!4|[EGB6;4C!<8!734!:B57!73B7!:97!BGG! 734! G95B769;
AB@!59=;74C!B7!7341@BD4!CB8!B; St¥HB @ 7 @'7>B:: 6 T BARA7IC>6F 41734!
@BD4!>9=7414F4>8ICB8!B;C!736@!D4B;@!73B7!6:1;97!BGG!734!4167!B;C!4:74>6;?/E96; 7@!F
59=;74C!B7!734! @BD4!REEVAD6?37!G4BC!79!BIC6::4>4;541B@!6;! 736 @!5B@4H

|
$:9734>1EB>7!73B7!AB@!59=;74C!C=>6;?1734!CB7B!59GG45769;| AB@! 734! @3B>4!9:134B
7>B::65H!1%34!1BD9=;7!19:1D979>IF4365G BB BRAGHI0;419;1734/5B>IGB; 4@ 'A4>4!
59=;74CH!%34!F4365G4@!A4>41C6F6GADB9PBC! 7>B::65!B;C!34BF8!7>B::65H! (=@!
G6;41ggKIA3653!59;;457@!79!8&6;C39GD@BGGJ;!:>9D!734!@7>447'dB>GBFB?; @?B7B;!F6B
>9=:CB<9=7!:4B>!<=@! @79E!*4?;<L? @2AB@RK! 6:5G=C4C! 6;! 7341 59=;7@H! %34!
>4@=69D!736@!59=:716@!73B7!734/@3B>4!9:138BAFIE@ 1@ E456:65!B>4B16@!fHTpH

|

4.4 Model design
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Figure 23 Simulation model in VISSIM, background picture from Eniro (2016).
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4.4.1 Geometry
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Figure 24 Widths of the pedestrian walkways, cycle paths, bus lanes and road
traffic lanes in VISSIM.
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Figure 25  Picture showing the elements of bus stop Regnbdgsgatan in the model.
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Figure 26 Reduced speed areas in the model.
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4.4.2 Route distribution
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Figure 27  Unlikely route options in VISSIM. Left picture is an example for cars
and the right is for pedestrians and bicyclists.
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4.5 Simulation result
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4.5.1 Pedestrian result

%34!BF4>B?41C4GB84C!76D4@!:9>E4AC4@7>6B;!>9=74@'6 @! @4EB>B74C!6;79!>9=74@
>9D17341<=@!@79E@!6;!734!:6>@7!C6B?>BD!B;C!734!>4@7!9:17341>9=74@!6;!734!@459;C
>9=74@!'B>4!'B@ @67?;4C!B!;=D<4>!6;!734!:6?=>4@!B;C!6;! 734! 7B<G4@! G95B74C! <4G9A
C6B?>BD@!734!>9=741;=D<4>16 @'E>4@4,74C!BG9;?!A673!734!B57=BG!>9=74H

I

CHALMERS Civil and Environmental Engineering 0DV W H U BOMXKR2H ¥-16V 51!



"1 26?7=>4Rd 734! CAGB8!:9>! 734! EAC4@7
?96;?1:>9D!1734!<=@T79ER@>4@4,74C!B;Cl¢ /_/

9734>@H! %34! :9=>! A673! 734! 36?34@7
;=D<4>! TTKI TUK!I R'I B;C! ffK! B>4! BGG! >
296;?! :>9D! 4B53! 9:! 7341 <=@! @BOEIC -
5>9@ @6;?!<973!7341<=@!GB 2BB:CIB;4( _
B@! @39A;! @6?=>ARMH! W34;! 5>9@ @6;?! -
5B>IGB;K@B4IEACA@7>6B;@!3B@!E>69>6 &
73=@7!CAGRIC!<8!736 @H!(=7!B7!7341<=( X
734>41 B>41 7>B::65! @6?;BG@! ?6F6;?! 7
E>69>678UBCS;?! 79! 36734>! CAGBS@U! Figyre 28 The pedestrian routes
EAC4@7>6B;@H!%3=@!59;5G=C6;?!73B7! with the highest delay.
B>4!734!GB>?4@7! CAGB8! :B579>!B;C!<B. . . .. ... .

734!EAC4@7>6B;@H!
!

%B<GAIf! 734! ;=D<4>@! B;C! 59;;4576;" AT

>9=74@!B>4!C6@EGB84CH!%34>4!B>4!( 7 e S

73B7! 3B@! ;97654B<G8! 36734>! C4AGB / / . 2
A /e

Delays pedestrians - from the bus stops

140%
130%

120%

110%

100% — | E—
90% |

80%

1 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 23 24 25 26 27 28 29 30 31 32 33 34
ROUTES

Figure 29  Diagram over the delay for pedestrian routes shown in percentage. First
part entering from the bus stops.

Table 13 Presentation of route numbers from diagram and connecting route.
Route no. Route Route no. Route Route no. Route Route no. Route
1 a-E 10 a-Off 18 cE 27 d-H
3 a-H 11 a-M2 19 c-H 28 d-G
4 a-G 12 b-H 20 -G 29 d-K
5 a-K 13 b-G 21 cK 30 d-|
6 a-J 14 b-K 23 c-L 31 d-M
7 a-l 15 b-| 24 c-Off 32 d-L
8 a-M 16 b-Off 25 c-M2 33 d-Off
9 a-L 17 b-M2 26 d-E 34 d-M2
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Figure 30  Diagram over the delay for pedestrian routes shown in percentage.
Second part from the rest of the entering locations.

Table 14 Presentation of route numbers from diagram and connecting route.
Route no. Route Route no. Route Route no. Route Route no. Route
35 E-a 46 E-Off 60 G-E 72 M-H
36 E-b 47 E-M2 61 G-H 73 M-Off
37 E-c 49 F-M 63 K-d 75 L-d
38 E-d 50 F-Off 64 K-Off 76 L-Off
39 E-F 51 H-b 65 K-M2 78 M2-b
40 E-H 53 H-d 66 IH 79 M2-c
41 E-G 54 H-G 67 J-H 80 M2-d
42 E-K 55 H-Off 68 I-J 81 M2-K
43 E-l 57 G-a 69 I-Off 82 M2-Off
44 E-M 58 G-b 70 I-M2
45 E-L 59 G-d 71 M-E

4.5.2 Cyclists result
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Figure 31  Diagram over the delay for bicycle routes shown in percentage.

Table 15 Presentation of route numbers from diagram and connecting route.
Route no. Route Route no. Route Route no. Route
RU uy! fh! fYJ "h! ™!
Rd UV fg | ! Ag! V!
RH U ! ATI RYT! 'S! ™
Rd UR! "RI RY'! T TY!
fS! UNT! A RY! ‘R! hYR
fT! Bl A RYUJ K. cYr!
fR! UY ! A RY! . cWR
fu! fy! UL ™R "U! cY!
fc ! fy! ~cl TY ! c! cHh!

4.5.3 Public transport result
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Figure 32 Average delay for public transport, divided into the four bus stops.
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4.5.4 Road traffic result
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Figure 33 Diagram over the delay for road traffic routes shown in percentage.

Table 16 Presentation of route numbers from diagram and connecting route.
Route no. Route Route no. Route Route no. Route
T! uy! g! (! Th! RYM!
R Un! TS Bl Tg! RY!
fl UNT! T el RS RYh!
A Un! TR AN RT TY!
tl U! Tf ! AT RR ™!
U U¥ ! T el Rf! TY!
c! W TU RyT! RN ™!
h! Y Tc! RYf ! R hye!
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Figure 34 Density map of the average amount of vehicles per kilometre, spanning

between 1 and 999 vehicles. 1
I
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Table 17 Comparison between the amount of road traffic from the simulation and
from Urban Transport Administration of Gothenburg.
Regnbagsgatan — Vehicles/hour at afternoon
Gotaverksgatan max hour
Vehicles/day To city From city
Year | (AAWT) center center

Data from Gothenburg 2007 | 6 900 550 300

Traffic Office 2013|4300 I"# $ %&$

Data from the simulation |2016 |- 536 199
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5 Evaluation result
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5.1 Good accessibility for public transport
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Figure 35  Screenshot of the model in VISSIM showing several busses at the bus
stop.
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5.2 Safe crossings for pedestrians
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Figure 36 Pedestrian and cycle crossing at bus stop Regnbdagsgatan (Photo by
authors).
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Figure 37  Screenshot from the simulation in VISSIM showing one of the areas with
much interaction between pedestrians and cyclists.
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Figure 38  One of the areas on Lindholmsallén where there is much interaction
between pedestrians and cyclists (Photo by authors).
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5.3 Improved orientation
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5.4 Traffic prognosis
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6 Discussion
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6.1 Method
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6.1.1 Design evaluation
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6.1.2 Simulation
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6.2 The simulation program, VISSIM
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Figure 39  Screenshot from the simulation in VISSIM showing how the cars is
driving through the roundabout.
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6.3 Further studies
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7 Conclusion
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How is the traffic site structured and designed?
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How large quantity of every mode of transport are operating in the area?
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How do the road users behave in this traffic site?
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Are the goals that were set fulfilled?
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Appendix 1 — Local plan for Lindholmsallén
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Figure 40  Map showing the deszgn of Lindholmsallén. The black llne shows the
area included in the local plan (Goteborgs Stad Stadsbyggnadskontoret,
2001).
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Appendix 2 — Evaluation result
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Traffic safety | 16?3!@7B,CB>C!B;C!A4GG!DB6,;7B6,4C!>9BC@ | T! T T!
+99CIG6?376;? T T T
#Bl16D=D! @E44C!B7!5>9@ @&/ BAH3 ! SH! | SHc! | SHc!
OG4B>G8!@4EB>B74C!7>B:165!D9C4@ SHc! | SHI' | SHc!
-919<@7B5G4@!73B7!89=15B;!59GO608RBFI@ 75 T! SHI | T!
7341F64A
Accessibility | -9!<B>>64>@!]36?3G8!7>B::65V4C!>9BC@!9>!>B¢ SHI | SH! | SHI
09;76;=67819:!1585G4!IEB73@ T SHe! [ T
%3441416 @7'E9@ @6<6G6767@IEHEB>V g T T
+99CIDB6;74;B;5419:17341>9BC T T T
%34!>9BC@!B944574CIA673!<6585G415>9@ @6;?| SHf | T! T!
Orientation 0G4B>!C6>45769;@!9;!A34>41791<6V4 T T! T
+99C! G6?7376;?! 73B7! 5GB>6:64@! 734! C6>4! Tl T T
4;7>B;54@
O9DE>434;@6<G4! C6>45769;@! B7! |GB>?4> ! | SHI | TI T
E96;7@
O9DE>434;@6<G4!C6>457683@# 4T 9IEB>V!734144 S 1L LL
O9DE>434;@6<G4! B;C!YAEGB;B79>8! 585G4! E SHc! | SHc! [ T!
@7>=57+>4
Security +99C!9F4>F64A19:173418>4B T T T
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+99C!DB6;74;B;5419:17341B54B T T T
+99CIG6?376;? T T T
085G4IEB73@!59;:4574C179!<=6GC6:?@ SHc! | T! T
(6585G4! EB>V6;?! EGB54C! F6@6<G4! B;C! H S T! Tl
B554@ @6<G4

Public Criteria 1 2 3

transport

Traffic 1673!@7B;CB>C!B;C!A4GG!DB6;7B6;4C!>9BC@ SHcl| SHI | T!

safety %>B::65!/5BGD6;?!D4B@=>4@!6;!59;:45769:179'5>9¢ S | SHc!| SHc!
);9=?3I5BEB5678!9;!73GB7:9>D@ Tl TI T!
-QIEB@@6;?!7>B::65!A34;!734!\<=@!6@!'BI7'\734!@79 SHI | T! T
+99CIG67376;?!B7!7341<=@!@79E!B;,C!67@'@=>>9| T! | TI | T

Accessibility | +99C!:>4P=4,58!9:1734|E=<G65!7>BI@E9>7 T! T T
+99C!59;;45769;@! B;C! 4B@8! B554@@! 79! EAC4@ SHI | T! T
<6585G&B73@

#B6;74;B;54!9:1 734! <=@! @79E! B;C!59;;4576;?! >98 SHc!| SHc!| T!

2990

-9IG4F4G!C6::4>4;54@!<47A44;'734'\@79E!B;C!734!} T! T T

%34!1C4@67;19:1734!<=@!@79E!@39=GC!<v>88;CaH T! T! T
Orientation | O9DE>434;@6<G4!@CBIEGB;B79>8!>9BC!B;C!l<=@| T! SHc!| SHc!

@7>=57+>4

+99C! ?=6CB;54! B;C! =;,C4>@7B;CB<G4! C6>45769;| T |[T1 | T!

<=@'@7Y9E@

%34>416@! ;454@@B>8! 6;:9>DB769;! B<9=7!734!7] T! T T

@79E@!'|@534C=G4!B;C!>9=74@ _

+99C! G67376;?! 73B7! 5GB>6:64@! (AL BEDRE6G6| T! T T

734!@70E

%B576G4! 76G4@! 9>! 9734>! 2=6C4! EB73@! 79'Bd SHcl| T!' | T!

F6@=BGG8!6DEB6>4C'E49EG4

Security +99CI9F4>F64A!9:1734!B>4B T SH! | SH!
+99C!DB6;74:B;5419:1734I<=@!®79E T T T
+99C!G6?376;? TI TI T
$554@ @6<6G678! 2WBIT34!<=@! @9! E49EG4!C9!:d SHc!| T! T
7>BEEAC
+99C! CA@67;! A34>41 734>41 B>4! ;9! 9<@5=>4C! § TI | SHI | SH!
59>;4>@

*9BC!7>B::6] O>674*6B T R f1

Traffic 16?31@7B;CB>C!B;C!A4GG!DB6;7B6:4C'>9BC@ T SHcH T

safety "74>@45769;'A6731>9=;CBk9=7 SHe T |
" 74>@45769;!A673!7>B::65!G6?37@ T T T!
.E44C! <=DE@! ]9>! 9734>! 7>B::65! 5BGD6;?! D4B@| SH! | SHI | SH!
C45>4B@4!734'@E44C
+99C!@7>447'G62376;? T T T

Accessibility | );9=?3!5BEB5678!9:!734!>0BC T TI T
24A19>1;91<B>>64>@![>9BC!79GG@K!7>&B5!G6?37( SHc!| SHc!| SHr
$159:76:=9=@!>9BC!:47A9>V SRR
MO@@6<6G6764@!:9>IEB>V6;? T T T
-971799! @7>657!>4?=GB769;@! :9> EB>V6;?![76DA| T | TI | T!
E9@ @6<6G678!:9>159DD=74>1EB>V6;?

Orientation | #B6;!>9BC!;47A9>V!I6@!G9?65BG!B;CI3B@!B!@6DECG SHI' | SHI | SHf
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+99C!?=6CB;54!B;C!=;C4>@7B;CB<G4!C6>45769;@!| SHc!| SHR]| SH!
6DE9>7B;7!59;,45769;!E96!7@
+99C!G67376;?!73B7!5GB>6:64@!C6>45769;@!B;C!F4 T! T T!
>9BC\@
);9=?3!IC6@7B;54!:>9D!@67;@!79!6;74>@45769;:9>!7 T! T T!
79659DE>434;C!734!6;:9>DB769;
+99C!6;:9>DB769;!B<9=7!A34>4!79!EB>V!B;C!>4@7| T! T T!
9:1734!EB>V6;?1G97

Security +99CI9F4>F64A19:1734!1B>4B T T T
+99C!DB6;74;B;5419:1734!B>4B! [#B6;G8! EB>V6;?!G9 TI T! T!
?B>B?4@_

+99C!G67376;?![#B6EEBIV6;?!GO7@'B;CI1?B3B?4@_ | SHc!| T! | T!
MB>V6;?!1G97@!@39=GC!;97!<4!EGB54@'B7!C4@9G T! | T! | T
MB>V6;?!G97@!B;C! ?B>B?4@! @39=GC!3BF4!@4F4 T! | T! | T!
B;Cl41671@
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Appendix 3 — Data collection

"1736@!'BEE4;C61'734!>4@=G7@!:>9D! 734! CRTBBSE@ &4 ; 74CH!";1 734! 7B<G4@K!
BGG!BF4>B?4!;=D<4>@!B>4!>9=;C4C!=E!79!734!;4B>4@7!6;74?4>H!!

I

In the tables below “To” or “From” refers to the direction of the pedestrian, cyclists

and road traffic. The direction called “To” is the traffic moving into 734!19;4!B;C!

“From” is the traffic leaving the area. The data collection was performed during

73>441A44V @!6;!SE>6GH!'=>6;?!73418@5E86>C!A44V! 734! A4B734354RBIB>!B;C!
P=674!AB>DIA36G4!C=>6;?1734!:6>@7!A44V!67'AB@!59GC!B;C!>B6;8H!%36 @!59=GC!4IE
@9DA419:17341<6??4>1C6::4>4;54@!6;!734!CB7B!<47A44;T34!A44V @H

I

Pedestrians

%34!G95B769; @!A34>41734|E4C4@7>6B;!59=;7@!AB@!'E4>:9>D4C!|B2@TE=>4@ 4, 74C!6;!
"TH!%34!B>4B@!5BGG4C!$K!(K!O!B;C!''B>4!1G95B74C!9;!734!:9=>114<>B!5>9@ @6;?@!B7!73
@T79EH!",1734!:6?7=>41734!:9=>1G95B769;@! A34>4! 734! <=@! @79E@!B>4!BG@9! C6@EC
G9A4>5B@4!G4774>@!30B'BIFA>4@7!9:1734!B>4B @6 @BEBR=>4K!:>9D!)!
79'1#!B>4595B74C!B7!1734!<9=;CB>8!9:1734!@6D=GB769;!B>4BH

I

. 2
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Figure 41 The locations of the data collection for the pedestrian

volumes.
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$GG!E4C4@7>6B;@! A4>4159=;720C9@+3%;>K!<47A44;!ScaSS!B;C! ShaSS!6;! 734!
D9>;6;?H!$>4B!$K!(K!O!B;C!'"A4>4159=;74C!9;!%=4@CB8@KQTRE}C! Tg’39:!
$E>6GH!%34!B>4B@!)K!2K!+!B;C! 11 A4>4159=;74C!9;|WACKATB3OREI9:!
$E>6GH!%34!GB@7!:6F4!B>4B@K!"K!0K!dK!&!B;C!1#KIA4>4159=;74C!9;!%3=>@CB8@K!9;!7
c’XKITMB;CIRTI9:I$E>6GH!%34!>4@=G7@!:>9D! 734|E4AC4@7>6B;!CB7B!59GG45769;!5B;

@44;16%B<GH1H!
!

Table 18 Result from the pedestrian data collection.

! First count Second count Third count Average
Area To From To From To From To From
A c! T . Tf! ‘S| TS T TR
B Tg! N TQ! fRf ! T! fiR ! Th! fif !
C Tf! ud T! uu ™ Ud T uUh
D TR fTh! T fSU! RN fuu! Tc! ffS !
E AS! g! c! T! cR! c! IUf! T
F T! S N fl fl N fl fl

G RT RAf! RR RSd Tg! Rfh! RT RfS!
H TS g! TS 'S! T ~h! T f!
1 g! U T RT TS T T T
J T! "l R c! fl c! R c!

K h! RUK c! fSR! c! fTT! h! RgM
L U TR c! Tf! c! T c! TR
M T! fl a T R TR fl TS

I
%34!B>4B@!$K!(K!O!B;C!"'B>4!@67=B74C!9;!7341:9=>IEAC4@7>6B;!5>9@ @6;?@!59;,;457 4(
734!1<=@! @79E!5BGG4C!*4?;<L?@?B7B;H!%3=@!6:!89=!A9=GC!AB; 7! 79!5>9@ @!9F4>!7
9734>1@6C4!9:1734!1>9BCK!89=!;44C!7915>9@ @!9F4>17A9IE4C4@7>6B;!5>9@ @6;? @K!467:
$!B;CI(19>19F4>1 0! B;C!'H! %34! DB[9>678!9:! EAC4@7>6B;@!59=;74C!9;! 734! 5>59@ @6;?@
A4>4159D6;?!:>9D! 734! <=@4@H! (=7!734>4! A4>41 BG@9! B! :4A! 73B7! A4>415>59@ @6;?! 73
A39G4! @7>447!B;C! A3@59=;74C! 7A9! 76[GBI! %34! BD9=;7!9:!EAC4@7>6B;@! 73B7!
C6C!;97!159D4!179!9>1:>9D! 734! <tERA@>4 @4, 7ACHB< GAY!'<4GOAK! 79!1<41B<G4! 79!
C6@76;?=6@3!734!C6::4>4;71>9=74@!73B7!B>4!1=@4CH!

I

Table 19 Amount of pedestrians crossing the whole street using crosswalk A-B or
C-D.
Route First count Second count Third count Average
A->B ff ! ff | fT! ff !
B2>A c! h! c! h!
C>D h! TT! o h!
D->C h! h! TR TS
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Cyclists

"1267=>4RI734!CB7B!59GG45769;!G95B769;@!:9>!585G6@7@!B>4!E>4@4;74CH!%34@4

G95B74CIB7!734!<9=;CB>8!9:1734!@6D=GB769;!B>4B!B;C!;=D<4>4C!:>9D!T!79!hH
!
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Figure 42 The locations of the data collection for the cyclist

volumes.

I
I
%34! 585G6@7@! A4>4! 59=;74C! C=>6;?! 9;4! 39=>K! <47A44;! ScaSS! B;C! ShaSSH! %34!
4154E769;! AB@! 734! :6>@71K89:3853! AB@! C9;4! C=>6;?! ShaSS! B;C! ShatSH! %34
;=D<4>@!:>9D!734!:6>@7! 58BF4! <44;!>45BG5=GB®BID=G76EG86;?! 734! >4@=G7@!
A673!7A9!791?4717341BD9=;7'9:1585G6@7@!:9>!9;4!139=>1B;C!734;!=@6;?!734!)P=B769;!R!
<4G9AH!";173414P=B769;!734!FBG=4@!:>9B0Z34/1>4ID=G76EG64C!A673!A44VCB8!
6;C414@! E>9F6CAC! <81 734! . AAC6@3! %>B; @E9>7! $CD6;6 @B GHEN! @Al
CB7BI!59GG45769;!AB@!E4>:9>D4C!C=>6;?!73>44|A44V @!B7!%=4@CB8@K!W4C;4@CB8
%3=>@CB8@H!%36@!>4@=G74C!6;!73B7!734!BD9=,7!9:1585G6@7@!B7'BGG!E96;7@!A4

73>44176D4@K!734!1>4@BACDER!6;! 73%B<GAN<4GIAH
I

'%U?rbgé(gn%uwbgé@ o 2> H+J @AJs mes! IR

KA X @ x 0 o ¥
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Table 20

Table showing indexes for cyclists for each hour during weekdays,

weekends and total (Trafikverket, 2015d).

Hour Total Weekday Weekend

0 13,4 8,8 49,9

1 8,2 4,7 36,3

2 5,8 3,4 25,4

3 4,1 2,6 15,7

4 4,8 43 8,6

5 19,9 21,1 10,4

6 94,0 101,1 31,5

7 2346 258,2 37,2

8 253,9 277,9 54,3

9 111,3 113,3 94,1

10 78,4 71,3 136,8

11 89,2 78,8 174,0

12 105,5 93,8 201,2

13 105,2 92,1 211,8

14 117,5 106,0 211,5

15 172,3 168,3 206,4

16 257,0 265,1 195,8

17 266,8 278,0 180,1

18 166,0 168,7 146,2

19 97,4 96,0 108,8

20 72,5 70,4 90,0

21 58,1 56,1 74,7

22 39,4 37,4 55,2

23 24,8 22,4 44,2

Sum 2400 2400 2400

I

Table 21 Results from the cyclist data collection. The data from the first count are

recalculated to correspond with the data from the second and third count.

! First count Second count Third count Average
Area To From To From To From To From
1 “U! TR hT! g! gh! TAl hS! TR
2 Sl R TU RT Tf! Tg! TS T
3 LA T ! us T "h! f T ATI
4 S Tg! sl Tc! T! Rc! T! RT
5 U fS| T "hl c! NSl U NSl
6 LA R'! c! cf ! Uc! u'! g! T
7 U TS T! Rd TU R! Tf! RR
8 S Sl fl S U U fl R

!

I

I
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Road traffic

29>17341>9BC!7>B::65!734!CB7B!59GG45769;! AB@!B@!:9>!585G6@7@!9;G8!E4>:9>DA4C!
<9>C4>19:1734!@6D=GB769;!D9CAGH!%34! B ABAGHAG4D4!9:!1>9BC!7>B::68!A4>4
59=;74C!B>4!1C6@EGB2425:4¥ H!
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Figure 43 The locations of the data collection for the road

traffic volumes.
I
%34!1>9BC!7>B::65!AB@!59=;78CIStD6;K!<47A44;1ShaSS!B;CISE8&f%0341>4@=G7@!
>9DI734@4!59=;7@!B>4 E>4@ 4B | <4AG9AH!%34!GB@7! 7A9!59G=D; @! @39A!
734'BF4>B?4'/FBG=4@!:>9D!734!73>44!59=7@'<=7'B>4!>45BG5=GB74C!79!59>>4@E9;C!7"
76D4!734'E4C4@7>6B;!B;C!585G6@7!CB7B!59GG45769; @!A4>4'DBC4KI6H4H!<47A44;!Sce
ShaSSHI¥G9!736@!734!1>4@=G7@!A4>4\D=G76EG64C!A673!7A9!791?4717341BD9=;7!9:17>B
:9>19:4139=>IB;C!734;!>45BG5=GB74C!<8!=@6;?!4P=B769;!fl<4G9AH!";173414P=B769;!734!
FBG=4@!:>9D!73189=>!A4>4!D=G76EG64C!A673!6;C414@!:9>!B;!BF4>B?4!CB8!.9>15678!
@7>447@H!%3M@MB>4'E>9F6C4C!<8!734! . A4C6@3!%>B;@E9>7!$CD6;6 @7>B769;K! @4

%B<@RH
I

AK=BN=BREL 4K=BN=BBEH > HEJ @AJmes !

Uax@Aiooas
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Table 22 Indexes for road traffic each hour, the left column is state roads and the
right is city street (Trafikverket, 2004).

PERSONBILAR
Timme Statliga vigar Citygator
1 16 7
2 10 4
3 7 4
4 7 3
5 15 =]
5] 34 23
T 120 103
8 137 156
9 129 130
10 120 115
1 127 124
12 133 138
13 139 167
14 144 157
15 153 154
16 174 176
17 230 228
18 188 201
19 154 175
20 110 114
21 88 BY
22 76 75
23 57 a7
24 32 15

Summa 2400 2400 |

Table 23 Result from the road traffic data collection.

! First count Second count Third count Average
Area To From To From To From To From
1 Rof! hS! ! Uy S| us cgT! TU'!
2 h"! ! T ! ! T ! ! RgU !
3 TSR ! gf ! ! TTR RMU
4 Th! TRI! TS TSU T/ TTh! [ Rch!
5 ‘R! R"S fU! R/ "RI R"S TSN cg!
6 fTS! ! RgS ! Rhg ! cTR !
7 ! RgR . Rcg! ! RcR . Uc'!
8 A g! T! TS S A A Tg!

!

Heavy traffic

"19>C4>179!C456C4!734!1BD9=;7!9:!34BF8! 7>B::65!6;! 734!B>4B!B! @4EB>B74!59=;7| AB@
DBCA4H!"7'AB@!59;C=574C!#B>33Ul1A44;! TSaR# SH SH!%34!59=;7|AB@!5B>>64C!

out on the same areas as shown in the map above, but now only the “To” directions
AB@!59=;74CK!6H4H!9;G8! 734! 7>B::65! D9F6;?!6;79! 734!19;4H!%34! 797BG!59=;7@' 9:! G6
7>B::65!14F4>8736;?!<4@6C4@!34BF8! 7>B4BB8! BB .65!B>4'E>4@4; V4BL&GU!
RN<4G9AK!79?4734>1A673!73415BG5=GB74C! @ 3B>B! BBABFB36 @ ! @E456:65'B>4BH

Table 24 Result from the heavy traffic data collection.

Light traffic Heavy traffic Percentage
Rhf! g! fHT!p!
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Public transport

%34!>4@=G7@!':>9D!734!E=<G65! 7>B;@E9>7!CB7B!59GG45769;!B>4! @39A;! <4G9AH! %:
59GG45769;!AB@!C9;4! 738'HB>@!<47A44;!ScafS!B;C!ShaSSH

Time table

%34!76D4! 7B<G4@!:9>!1734!1<=@! @79E!*4?;,<L?@?B7B;!6@!>4546F4C!:>9DINX@77>B:6V
9E4>B74@!734!E=<G65!7>B; @E9>7!6;!+9732HEE2HNB69; @!9;! 734!<=@!@79E!B>4
6;FA@767B748HEO=73!C6>45769;!>4:4>@! 7T @A&@+?96;?! 79AB>C@!&6;C39GD4;!
A36G@7!7341;,9>73!1C6>45769;16 @!734!<= @U@ TEFBPC¥BH9734,<=>?15678H4;7

Regnbagsgatan (South) | Regnbagsgatan (North)
Arrival time | Bus line Arrival time | Bus line
ScaS$ =@'TU ScaS$ (=@'TU
ScaSt (=@'TUb ScaST =@!!
Scast +=Gl41E>4{d ScaSt +=Gl4IE>4{
ScaS! =@'TU ScaS! (=@'gd
ScaSu =@!! ScaS! =@'TU
ScaSu (=@'gd ScaSt +=Gl4IE>4{
ScaSt (=@'TUb ScaT$ =@'TU
ScaS§ =@ ScaTT (=@
ScaT$ (=@'TU ScaTR (=@
ScaTT (=@!'TUb ScaTR +=Gl4IE>4{g
ScaTR +=GE>4@{ ScaTf (=@'gd
ScaTl (=@'TUb ScaT! =@'TU
ScaTU =@!""! ScaT¢ +=Gl4IE>4{g
ScaTuU (=@'TU ScaTd (F@'TU
ScaTU F@'"SR ScaRT =@!!
ScaTg (=@'TUb ScaRR +=Gl4IE>4{
ScaTd +=Gl4IE>4{d ScaRf (@SR
ScaR§ =@'TU ScaR? (=@'TU
ScaRT (=@'gg ScaRU (=@'gd
ScaRf (=@'TUb ScaRt +=Gl4IE>4{g
ScaR? =@ ScaRh (=@
ScaR! =@'TU ScaR§ =@'TU
ScaRU =@!! Scafh =@!!
ScaRt (=@'TUb ScafR +=Gl4IE>4{
ScaRt +=Gl41E>4{ Scaf! (=@!gd
Scaf9 =@'TU Scaf’! (=@'TU
Scafg (=@'gg Scafu +=Gl4IE>4{
ScafR (=@'TUb Scafg! (=@'gd
Scaf'! +=Gl41E>4{ Sca"$ (=@'TU
Scaf'! (=@!'gd Sca’T (F@!!
Scafu (=@'TUb Sca™R +=Gl4IE>4{
Scafu =@!"! Sca/M! (=@
Scafu =@'TU Sca™ (=@'gd
Scafg! =@M Scan'! =@'TU
Scans (=@'TUb Scand +=Gl41E>4(4
Sca"3 (=@'9y Scag (=@'94
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ScanT (=@TUu Sca’'g =@'TU
Sca’! +=Gl4IE>4{d Sca™T (=@"!
Sca™ (=@'TUb Sca'R +=Gl4IE>4{
Scan'! =@'ggy Sca’f! (@SR
Scarl =@!! Sca™ (=@!gd
Sca™U F@'"SR Sca’’'! =@'TU
Sca”l F@'TU Sca’u +=Gl4IE>4{
Sca”H (=@!TUb Sca'hl =@
Sca’'g +=Gl4IE>4{ Sca'¢ (=@'gd
Sca’S (=@'gd ShaSs (=@'TU
Sca™ T =@'TU

Sca'R (=@!TUb

Sca™ =@

Sca’’! =@'ggy

Sca’u (=@!TUb

Sca’u =@!"!

Sca'u =@'TU

ShaSs (=@!TUb

ShaSs +=Gl41E>4{

ShaS8s =@'ggy

I
(F@!@79E*4?,<L?@7?B7B;!6@!59;@6@76;?!9:1:9=>1C6::4>4,;7'<=@!@79E@K!;BD4C!BK!<K!
CIE>4@4;74CHP=>4" 1<4G9AH!%34!;BD4@!9:! 734! <=@! @ 79E! 63 >AME3!
4B>4@7IE4C4@7>6B;!5>9@ @6;?K!IB@!BG@9!5B;!<4!@44,!6;!734!E657=>4H!<IB;CI5!B>4!>
9>1<=@!G6;4!TU!B;CITUOK!734!1>4@7!9:1734!1<=@!G6;4@!B>4!1=@6;?<=@'@79E@!'B!B;C!C
I

Lindho

Figure 44  In this picture the four locations where the bus stops are displayed as
lowercase letters a to d. The nearest crossing is also displayed with the
corresponding letter. !

84 CHALMERSKCivil and Environmental Engineering, Master’s Thesis BOMX02-16-16!



%B<GR!<4G9A! @39A@A!BD9=;7!9:1<=@4@!:9>!4B53!G6;4! 73B7!B>>6F4@! 79! 734! <=@!
@79E@! <47A44;! ScaSS! B;C! ShaSSH! "7! BG@9! @39A@! 734! 59=;74C! BF4>B?4! @3B>-
BG6?7376;?! B;C! <9B>C6;?! EB@ @4;?4>@! :9>! 4B53! G6;4K! C6F6CAC! 6;79! @9=73! B;C! ;9>
C6>45769;H!$@!B;!4IBDEGA4!67!5B;!<4!@4@VRBBB,C!TU0!79?4734>!@7B;C:9>"RHT!
p!9:1734!BG67376;?EB@ @4;?4>@!6;!734!@9=73!C6>45769;KIA36G@7!6;!734!;9>73!1C6>4¢
67!6@!<=@!"'173B7!@7B;C@!:9>1734!GB>?4@7! @3B>4!9:!BG6?7376;?'EB@ @4;?4>@H!%:
5BGGA4CITUO0!IC94@!;9719E4>B7416;!734!;9>F361834%0Y%>;6;?H!"G@!9;G8!C>6F6;?!
6;17341C6>45769;!A673!734!136734@7'FO9G=D4!9:17>BFAGG4>@K!A3653!6;!734!D9>;6;?16 @!
@9=73!B;C!6;!734!B:74>;99;!734!;9>73H

I

Table 25 Result of the data collection for the public transport.

! South direction North direction
Bus line $>>6FBQ (=@! | $G67376!?| (9B>C6;?! | $>>6FBG (=@! $G6?7376!?| (9B>C6;?
ScaSS | @79H ScaSS | @79E
ShaSs ShaSB
=@'TU TR 5 RSKS!p ThK'!p! Tf! <! TUKNp TgK~p
(=@'TUb T! 5 RRKT!p RRKR!p S <l ' Y
(=@'gd [o]. B T Kh!p! fcKS!p! g a fRKc!p! gKc'pl
+=Gl4IE>4{ h! Bl TfKh!p! RRKR!p TR a cKflp! RRKU!"p
(=@!™! U Bl gKR!p Slp! U a Slp! fhKclp!
=@M A Bl "KR!d Slp! Al a MKU!p! gKc!p!
(@SR R Bl TKS!p Slp! R a Slp! Sip!

I

2>9D!1734!BD9=;719:17>BF4GG4>@!=@6;?!<=@!@79E!*4?;<L?@?B7B;!6 7!AB@!5BG5=GB74(
RfHNp!9:1734I1BG67376;?!B;C!cgHR!p!9:17341<9B>C6;?'EB@ @4;?4>@'B>4!1=@6;?!<=@' @ 7'
BIB;CI5H!O9;@4P=4,7G8K!<=@!@79E@!<!B;C!C!79?4734>!@7B;C!:9>!IcUHU!p!9:17341BG6?
B;CIRSHNO:!1734!<9B>C6;?'EB@ @4;?4>@H!

I

CHALMERS Civil and Environmental Engineering 0DV W H U BOMXB2H §-16V 85!



Appendix 4 — Signal control

$7!&6:C39GD@BGGAk=@4@! 3BF4NBYBYB7! 734! @62BGE@>@457604/@6@!
D4B;@!73B7! 734! <=@! GB;4! 5@846F4G6?37! A34;! Bl<=@! 6@! BEE>9B536;?! 734! <=@!
@79E! B;C! 7341 9734>! 7>B::65! DIC4@! WBA +8TKE @4@! B>4! E>4KJ 34 >9BC!
7>B::65KIE4C4@7>6B;@'B: (386G R@RBF4!17>44;1G6?737H!%34>41B>41:91C474579>@!

6;1 7341 B>4B!:9>! B:819:1 734! 7>B::65! DICXEBM 3@ <=@! C>6F4@@ 34! >BC69!
@8@74D!*BVAG!79159DD=:65B741A673!734!7>B::65!/G6237@!:>9D!6; @6C4!7341<=@H!

|

"17341B>4B!67!4@@FF4>BG! 7>B::65!G6?237@H!":17341DICAG! 734@4! 3BF 41<44;) @6DEG6:
6;791:9=>1C6::4>4:7/@67;BGI?>IERDUNIT>17341<= @4 @NRIATI>173419734>17>B::65!

DICA@! @267=>41 M6346>@7!?7>9=EK!;BD4C!@67;BG!?>9=E!T!6; TRBEBL4EK
73417>B::65!G6?37@!59; 779EGB(@ 7>6B;@!B;C!585G6@7@! 9; 'BECIFI734!

<=@! @7BR734!>9BC! 7>B::65!6;1 734! >3-9EB 36 @67; BO=E!6;745B @' A6 73!

@67;BG! ?>9RE3BB>4! 59;7>9GG6;?! 734! <=@! 73B76Bb4! B>>6F6;?! :>9D! B;C!
C4EB>76;?16;17341:9>73IC6>4588BE!17>9=EfIB;C " IB>41A9>V6;?!6: BI@6D6GB>!ABS!
7912>9=E!T!B;CIRH!+>9=E!fl59: @6@7@!9:! 734! 7T@R565/SH366;?! 734! EACA@7>6B; @
B:C!585G6@7@'=@6:;?!734! @9=73!5>9@ @6;?!B7! 734! <36 EITABB:C B32164:7!

=@6;?! 734N0E>;! 6:74>@45769;H! %36@! ?>9=E! 6:74>B57@! A673! @6?;BG! 2>9=E! N A365
59;@6@7@! 9:! 734! 7>B::65! G6?37@! 73B7! B>4! 59;7>9GB6;BHR2! <=9D(B4AD!

C4EB>76;?1834!@9=73!C6>45769;H!
!

2D / . = Signal group 1
& / === Signal group 2
4 /\ / ﬂ 1, Signal group 3
== Signal group 4
N 7 3

Figure 45 The location of the four different signal groups existing in the model.
!

Parameters

%34!D6;6D=D!7>44,;!76D4!D6;6D=D!>4C!76D4K!>4C!BD<4>176D4!B;C!BD%8>176D4
734\@67?;BG!?>9=E @?AFA4!>9DT34!%>B::65!EGB;;6;7!9::654!6;!+97 34 #6344
B>4!@44,'B@!@7B;CB>CIFBG=4@ G4 FB6U@NA3B7! 78E4!9:16;74>@45769;!67!
6@H!%34! FBG=B@AGBEFAI>V!IA4GG!6;!736@!V6;C!9:1[=,5769;!B;C!A4>41734>4:9>4]
=@4ChB416D4@!=@4C!5B;!<4!@44B&GAH! 1>4BG678!734!D6;!>4C!B;C!D6;!?>44;!
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76D D6?737!1<41C6::48831734!1C6::4>4,7!7>B::65!G6?37@! @6;54! 7348!B>4!159;7>9GG6;?!
C6::4>4;71 7>B::65! D9C4@H! (=7! A34;! D9CAGG6;?! 734! 7>B::65! ' @BRB&AR!17348
@G6DEG6:64C!79!<4!7341@BD4!:9>14B53!@8@7?;BG!?>9=EH!

!

Table 26 Time settings for the signal groups

in the model.
No. Name Min.Green Min.Red RedAmber Amber
1 K1 4 0 2 3
2 K2 b 0 2 3
3 K3 4 0 2 3
4 K4 3] 0 2 3

|
%34!15G4B>B;54!76D4@K!6HAH!734!BD9=;7!9:176D4IBGG!7>B::65!G6?37 @!3BF4!79!<4!1>4C
BGG!734! 7>B:16516;74>@45769;K! 3BF4! <44;15BG5=GB74C!:9>! 734! 7A9! EB6>!9:! @67?;BG
2>9=E @b34!5G4B>B;54 716D4?>9=E ! T!B;C!8BF4!<44:15BG5=GBBIIBV61734!
G4;?73!9:1734|EAC4@7>6B;!B; CHBERB@B T!734;IC6F6C6;?167!A673! 734! @E44C!:9>!
EACA@7>6B;@K! THIED|&B4B>B;54! 76D4! AB@! 734:16:5> 4 BIGMIDABY! C@! @6;54!

73415>9@ @6;?@'B>41G9; ?4@6[F32B7TPIT4GH!"7IBG@9!3BC!79!<4!6 B6{B4@4C!
734D9CAGGURICA@7>6RED! B>4! ABGV6;?!9;! B! 5>9@ @6;?! A34;! 734! 7>B::65! G6737!
53B:?24@!:>9D!17>44;1791>@Q1197!6;54B@A346>! @ELAE!59;7>B@7! 79'E4C4@7>6B;@!
6;1>4BG6E34!5G4B>B;54176D4!:9>12>9=E|RIB;CI"13BF4!<44:15BG5=GB74C!6;! 734! @BD4!
ABSK!=@6;?!734!C6@7B;54!:>0B@RA7IE!79173414;C19:17341>9=; GBISAT 4> @
%36@B@!734:/C6F6C4C!<8IB;|B@ @=D4C!ERASBIHE@B6 @' @ 7>4753K RISMD;3

5G4B>B:54! 76D4! AB@! 734:! 6:5>4B@4C! 79! TT! @459:C@K! A34;! 5BG6<>B76;7?! 734! DIC.
F6@=BGGSH!

|

%34!@67?;BG!59;7>9GG4>@!B>4!E>9?>BDAC!6;!B!@9: 7TAB>4IE>9?>BDI5BGG4CIN". N$MH!
9=7E=7!:6G4@!:>9D!736@!E>9?>BDK!79?4394> @ F3EBP! 7417!:6G46@!734;!
=@4C!6;IN".."#179!C4:6;417341@67;BG!59;7>9GG4>@!B;C! 734!C6: ?QzE@@B’? BG!?
%34@4):6G4@!B>4!E>RARBPACHMUNZ6?=>4 H
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Input files - Signal controller 1

C S D

i

Init=0 H Start(TimerMain) |
i
| Init:=1 |

(Detection( 1)) AND (Stage_active( stage_1)) AND (TimerMain = (Interstage_length{ 2 , 1 )}}>—| Interstage(1,2) |
t

|Slart_at(TimerSub . 0): Stop( TimerMain }|

(TimerSub = (Interstage_length( 1, 2 ))) AND (Stage_active( stage_2 )) H Interstage(2 . 1) |
i
|Slart_at(TimerMain . 0): Stop( TimerSub }|

|
(- Stop -j |

Figure 46 The flow chart used for programming signal control 1 in VISSIM, made
in the program VISVAP.

$SIGNAL_GROUPS
%

K1 1
K2 2
$IGM
$

K1 K2
K1 -127 5
K2 10 -127
ESTAGES
stage_1 K1
red K2
Stage_2 K2
red K1

$STARTING_STAGE
5

Stage_1
{INTERSTAGEL

Interstage_number 12
Length [s] 1 16
From stage 1
EG Stage 2

K1 -127 0
K2 10 127

{INTERSTAGEZ

Interstage_number
Length [s]

From stage

To Stage

R LS P

K1 5 127
K2 -127 0

$END
|

Figure 47  Interstage file with interstages for VAP, for signal control 1.
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Input files - Signal controller 2

C S )

i

Init=0 H Start(TimerMain) |
i

| Init:=1 |

(Detection( 2)) AND (Stage_active( stage_3 )) AND (TimerMain = (Interstage_length( 4 , 3 }}}>——| Interstage( 3,4 ) |
i

|Start_at( TimerSub , 0) ; Stop( TimerMain }|

(TimerSub = (Interstage_length( 3 . 4 ))) AND (Stage_active( stage_4 )) >—| Interstage( 4 ,3) |
i

|Start_at(TimerMain . 0); Stop( TimerSub }|

C ) ,

Figure 48 The flow chart used for programming signal control 2 in VISSIM, made
in the program VISVAP.

$SIGNAL_GROUPS
§

K3 3
Kd 4
$IGM
§

K3 K4
K3 =127 11
K4 10 -127
§STAGES
$
Stage_3 K3
red K4
Stage_4 K4
red K3

$STARTING_STAGE
$

Stage_3

FINTERSTAGE3
Interstage_number 1 34
Length [s] 1 16
From 5tage 3
EG Stage 4
K3 -127 0

K4 10 127

FINTERSTAGE4
Interstage_number 43
Length [5] 1 15
From Stage 4
EG stage 3
K3 11 127

K4 -127 0

$END |

Figure 49  Interstage file with interstages for VAP, for signal control 2.
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Appendix 5 — Model settings in VISSIM
14>417341C6::4>4;7' @ F@6; @4C!6;M%NIN".."#IB>4|E>4@4;74C!B;C!C4@5>6<4CH
Reduced speed areas

069!<41B<G4179!C4:6:4!B!@E44C!GBD67!9F4>1BI@39>7!C6@7B;54!>4C=54C! @E44C!B>4B(
<41=@4CK!4H?H!:9>!BI5=>F419>19F4>14G4FB74C!5>9@ @ABGV@H!%34!1>4C=54C! @E44C
BCC4C!6;! G6;V@994E79>@! B;C! FB>69=@! @E44C! >4C=5769;@! 5B;! <41 ?26F4;1 79! 734!
C6::4>4:7'F4365G4!78E4@!9;1734!1>9BCH!

|

$:14IBDEG4!:>9D! 734! @6D=GB769;! DBC4!6;! 736@! >4E9>7!9:! B! 7>B::65! @67=B769;! A34>
>4C=54C! @E44C!B>4B@!A34>4=@4C!AB@!6;! 7341 >9=;CB<9=7IB4@IE HIC!6;!
"1736@!:674F3484GGOA! DB>V6:?@! B>4! 7341 >4C=54C! @E44C! B>4B@H!";! B! >9=;CB<9=7!
73415B>@!C9!:97!C>6F416;:=GG! @E44C!B;C!734134BF8!7>B::65!6@!D9@7!9:74;!C>6F6;?!4
@GIA4>H! $G@9! A34>4! C6::4>4;7! 7>B::65! :GIA@! 5>9@ @4@! 4B53! 9734>! 734>4! B>4!

>4C=5769;K!4H?H!9F4>14G4EB@THEB;!B;C!<6585G4!/EB73@H!
!

Figure 50 Examples of reduced speed areas in the model in VISSIM.
|
I
I
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Priority rules

W34;! @4F4>BG! 7>B::65! :GOA@! 6:74>@457!9>15>9@ @! 4B53! 9734>! 6;! @9D4! ABSK! 59;:
<4TA44:1 7341 C6::4>4;7! - GOBBI@ 4@H! 29>! 734! @6D=GB769;! 79! A9>V! 59>>457G8K! 734@
‘GOA@!3BF4179!<41B@@67;4C! >=G4@!9:! A3653! @39=GC! 3BF4! E>69>678! B:C! A3653! @:
26F41AB8H!%36@!5B;!<4!DICAGGAC!6;!C6::4>4; 7| ABS@K!CAE4;C6:?19: 734! @67=B769;177
6@! 79! <4! @6D=GB74CH! 29>! 6;74>@ 43 B6A@A3658>9GG4C! <8! 7>B::65! @67,BG@!
E>69>678!>=G4@K!59;:G657!B>4B@!9>! @79E! @67;@!59=GC!<4!=@4CH

|

%341 E>69>678! >=G4K! A3653! 6@! 9;4! ABS! 79! @IGF4! 59;:G6576@W ?BCH5K! 6@! E>
267=>4T H1%34!>4C! @79E!G6;416:17341:6?=>416@'EGB54C!9;! 7341G6;V! A34>41 7341 :GOA!!
7>B::65!@39=GC!?6F4/ABSH!W36G4!73417>44:\DB>\VEBBDEBSY4>K!16 @ EGB54C!9;!
7341DB6:!>9BCIA673!E>69>678H129>173415B>@19:17341D6:9>1>9BC!79!<4!BGGIAALC! 79!5>9
734! @79E! G6:4! @4F4>BG!59;C6769;@! D=@7! <4! :=G:6GGA4CH! %34! 7A9! DB6;! 59;C6769;
D6;6D=D!34BCABS!B;C!D6:6D=D!?BE!76D4K!A3653!B>4!9E769; BG B BIHRL4C!
6;IN".."#179!:67!>4BG678H!%34>41 @39=GC!;97!<4!B;815B>16:1734! @45769;!5BGGAC!34BCA
B:C!67!@39=GC!BG@9!<4!@=::6564;7!76D41?BE!:9>!734!5B>179IC>6F419=719:17341>9BCH

Figure 51 The concept behind priority rules in
VISSIM.

CHALMERS Civil and Environmental Engineering 0DV W H U BOMXR2H ¥- 16V 91!



Conflict areas

$,9734>1AB8!9:!D9C4GG6;?159;:G6576;?!7>B::65:GOA@ 6 @!=@6;?!59;:G657'B>4B@H!%34!
A34>41734@4!59;:G657@! 955=>! B>4! C6@EGB84C! B=79DB765BGG8! B;C! 734! @7B7=@!
59;:G657!B>4B!6@!734;14B@6G8!53B;?4CH!%34>4!B>4173>441C6::4>4;71@4776;?@!:9>!5€
B>4B@!N".."#!B;C!734!159G9=>1>4:4>1791A3653!@7B7=@!73B7!6 @! @4 7H!+>44;!16 @! 734! G|
73B7'3B@!>6737!9:!AB8!B;C!734!>4C!734!GB;4! 73B7! @39=GC!864GCH!(973!>4C!6 @!=@
<>B;536;7!59;:G657@K!B;C!6 @!5BGG4C!=;C474>D6;4C!D4B;6;?'73B7!734!.6>@7!79!>4B53!
59;:G657+BB!3B@!>6737!9:!AB867=5H4R!734173>44!@4776;?@!B>4! @39A;K!B_!6@!B;!
=,C4>D6;4C!59;:G657!A34>41734!:6>@7!'FA4365G4!>4B536;?!734!B>4BIBB@!H6737!9:1A
7341GB;4@!?96;7?!6;!734!79Ej<9779D!C6>45769;!3BF4!>6737!9:!AB8!B;C!5_!A3653!16@!734!
9EE9@674!B;C!734!GB;4@!A673!C6>45769;!G4:7j>6737!3B@!E>69>678H!":1;9736;?!6 @! C¢
7341 C6@EGB84C! 5B 488T! @ 7B8@!84GG9A!6;! BGG! C6>45769;@! 9:! 7@ 59;:G657H! %!
D4B;@!73B7!,9!1>=G416 @!@47!79!736@!59;:G657!B;C!73417>B::65!C94@!,97!>4B57!79!734!5!
B>4BH

I

a) b)

Figure 52 The three settings for using conflict areas in VISSIM.
I

09;:G657!B>4B@!B>4!14B@64>!79'=@4!59DEB>4C!79¥>0>87B>C6G21@EB676;?!
parameters and it also gives a “more intelligent” driving behaviour during
@6D=GB769;H!%34>4!B>4! @9D4!9E769;@! 73B7!5B;! <4!BC[=@74C!:9>!4B53!59;:G657!E
@=53'B@!:>9;7!B;C!>4B>!?BEK!@B:478!C6@7B;54!:B579>!B;C!BCC6780!BB! @ 79E!C6@7
53B;?4!@9!73B7!734!59;:G657'B>4B@!<43BF4'B@!AB;74CH

|

$559>C6;?! 79! M%N! +>9=E! |RST K! EH""_! 734! >459DD4;C4C! AB8! 9:! D9C4GG6;?!
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Appendix 6 — Route distribution
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Pedestrians
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Table 27 Route distribution for pedestrians.

In

Area (a |b |[c |d |E |F [G |H |I K M | Office | M2 | Sum
a 2| 0/ 1| 0| 0| O] O 1| O 0] 1 5
b 31 0 1] 1, 0 O] O] O| O o 1 6
c 1) 0| 0| 1| 0] O] 0| 0| O 0] 1 3
d 141 0| 7| 1, 0 0| 1| 2| O o 2| 27
E 1 0 1 4 0| 4/ 0 0| O] O 1 0| 0| 11
F 1 0 0 0| 2 0 0| 0| 0| 0] O 0] O 3
G 100 7| 92| 47| 4| 0O 5/ 0 0| O 0| 0] 255

Out H 15| 2| 12 9| 911 6 0| 1| 0| 0] 1 0| 0| 56
| 4 1 2 1 3/ 0| 21 0 1,0 0| 0| 14
J 2| 0 0 0| 0| O 0| 5 0| O 0| O 7
K 148 12| 93| 61| 8| O 0| O 0/ O 0| 5| 327
L 5/ 0 3 2| 2/ 0| 0] O 0| O 0 0| 0| 12
M 5/ 0 1 1] 2|/ 1] 0| O 0 0| 0| 10
Office| 15| 2| 10 6(12| 1| O| 1| 4, 0| 2| 4| 1 2| 60
M2 7| 2 5 3] 1, 0] 0 2 2y 0| 5|1 0] 0 0 27
Sum |303|26|219|134(63| 3|21|11(11| 2| 8| 7| 3 0| 12

|

|
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Cyclists
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Table 28 Route distribution for cyclists.

In
Area 1 2 3 4 5 6 7 8| Sum
1 1 1 0 2 6 4 0 14
2 9 0 0 0 1 4 2 16
3 11 0 1 2 25 3 1 43
4 5 1 6 0 11 0 0 23
Out 5 13 2 11 0 16 0 0 42
6 26 2 27 0 2 0 0 57
7 16 4 4 0 0 0 0 24
8 0 0 2 0 0 0 2 4
Sum 80 10 51 1 6 59 13 3
!
Road traffic
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Table 29 Route distribution for road traffic.

In
Area 1 2 3 4 5 6 7 8|Sum
1 40 14 45 66 165
2 0
3| 186 20 5 15 20 246
4| 148 89 4 37 278
Out 5 579 579
6 0
7| 461| 149 14 39 8 4 675
8 6 6 1 4 2 19
Sum 801| 304 0 34| 107| 712 0 4
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