Evaluating the Impact of Sidewalk Physical Challenges on Pedestrian

Walkability in Adama City: A study of selected arterial Streets

Tesfaye Regasa Gari

A Thesis Submitted to
The Department of Architecture

School of Civil Engineering and Architecture

Presented in Partial Fulfillment of the Requirement for the Degree of Master’s in

Urban Planning and Design

Office of Graduate Studies

Adama Science and Technology University

May, 2024

Adama, Ethiopia



Evaluating the Impact of Sidewalk Physical Challenges on Pedestrian

Walkability in Adama City: A study of selected arterial Streets

Tesfaye Regasa Gari

Advisor: - Daniel Lirebo (PHD)

A Thesis Submitted to
The Department of Architecture

School of Civil Engineering and Architecture

Presented in Partial Fulfillment of the Requirement for the Degree of Master’s in

Urban Planning and Design

Office of Graduate Studies

Adama Science and Technology University

May, 2024

Adama, Ethiopia



Approval of Board of Examiners

I, the advisors of the thesis entitled “Evaluating the Impact of Sidewalk Physical Challenges
on Pedestrian Walkability in Adama City: A study of selected arterial Streets” and
developed by Tesfaye Regasa, hereby certify that the recommendation and suggestions made

by the board of examiners are appropriately incorporated into the final version of the thesis.

Major Advisor Signature Date

We, the undersigned, members of the Board of Examiners of the thesis by Tesfaye Regasa
have read and evaluated the thesis entitled “Evaluating the Impact sidewalk physical
challenge on pedestrian walkability in Adama city: A study of selected arterial Streets” and
examined the candidate during open defense. This is, therefore, to certify that the thesis is
accepted for partial fulfillment of the requirement of the degree of Master of Science in Urban

Planning and Design.

Chairperson Signature Date
Internal Examiner Signature Date
External Examiner Signature Date

Finally, approval and acceptance of the thesis is contingent upon submission of its final copy
to the Office of Postgraduate Studies (OPGS) through the Department Graduate Council
(DGC) and School Graduate Committee (SGC).

Office of Postgraduate Studies, Dean Signature Date



Declaration

| hereby declare that this Master Thesis entitled “Evaluating the Impact of sidewalk physical
challenge on pedestrian walkability in Adama city: A study of selected arterial Streets” is
my original work. That is, it has not been submitted for the award of any academic degree,
diploma or certificate in any other university. All sources of materials that are used for this

thesis have been duly acknowledged through citation.

Name of student Signature Date



Recommendation

I, the advisor of this thesis, hereby certify that 1/we have read the revised version of the thesis
entitled “Evaluating the Impact of sidewalk physical challenge on pedestrian walkability
in Adama city: A study of selected arterial Streets” prepared under my guidance by Tesfaye
Regasa submitted in partial fulfillment of the requirements for the degree of Mater’s of Science
in Urban Planning and Design. Therefore, | recommend the submission of revised version of

the thesis to the department following the applicable procedures.

Major Advisor Signature Date



ACKNOWLEDGEMENT
I would like to give thanks and praise to the Almighty God, the creator of everything for being
with me and showing, guiding, and helping me to go and live the right way in the time during

my study years and in doing this research.

The assistance provided by Ass. Prof. Daniel Lirebo (Ph. D), was greatly appreciated and |
would like to give my warmest thanks for his continuous consultation, support, academic
support, suggestions, feedback and for his perseverance during those 2 years on the different

courses work especially on design courses.

| would like also to thank the hosanna city administration and municipality, Kotebe University
of Education, and everyone who directly and indirectly participated in this research; who has

been willing to assist in providing me with information and financial support.

Finally, 1 would also like to give special thanks to my wife Genet Beyene for her support in my
life and on this paper in particular. Lastly | would like say thanks for my whole family for their
continuous support and understanding when undertaking my thesis.



Contents

Approval of Board 0f EXAMINETS......c..cciiiieiiiieieeie e s este st sre e sree e sae e e sneanee e I
DIECIATALION ...ttt bbb i
RECOMMENTALION ... bbb v
ACKNOWLEDGEMENT ...ttt ne e V
LIST OF ACRONYMS AND ABBREVIATIONS ..o X1
AADSTFACT ...t XV
1. INTRODUCTION ...ttt ettt et et e e e nes 1
1.1, BACKGIOUNG ...ttt 1
1.1.1. Pedestrian sidewalk safety and challenge in Ethiopia .........cccccociiiiiiiiiennn 3
1.1.2.  Contextual background ... 4

1.2, Problem SaEMENT ........cooiiiiiiier s 4
1.3, ODbjective OF the STUAY .......coveiieiice e 6
1.3.1.  General ODJECHIVE ......ccouiiiiciecie et 6
1.3.2.  SPECITIC ODJECLIVES ....ocuviieieciecie e 6

1.4, ReSEArCN QUESTION.......ciiiitieiiie ettt ettt te et s te et e e e sreesbe e beeenbeesreeennas 6
1.5.  Significance of the STUAY ........cccoiiiiiiece e 7
1.6.  ScOPe OF the StUAY......ceoiiiiieciccece e 7
1.7.  Limitation Of the STUAY .......cviiiieie e 8
1.8.  Organization OF the PAPET ......cceiiiiii e 8

2. LITERATURE REVIEW ..ottt 9
2.1.  Concept and Definition TEIMS ........ccuiiiiiiiieie et 9
2.2. Pedestrian mobility and Sidewalk physical character.............cccoceviinininiiiicnennn, 10
2.2.1.  Travel or movement Of PEOPIE........oviiiiiiiie e 10
2.2.2.  Types OF SIABWAIKS........c.oiiiiiiiiiicee e 10
2.2.3. Sidewalk and Characteristics of PEdestrians.............ccooevereriniininiinisicieees 11

2.2.4. Elements of the sidewalK ZONe........cooooioiiii 13



2.2.5.  Sidewalk design CONSIAEIAtION.........cccueivereeiieiieie e e 15

2.2.6.  Sidewalk Accessibility fEatUreS .........ccccveiiiiieii e 20
1. (OFN [ o =T ] o LSRR 20
2. TaCtile PAVEMENL......cviiiccece e nne s 21
3. AUAITOTY SIGNAIS ... 22
2.2.7. Norms and Standards of Addis Ababa...........c.cccciiiiiiii, 22
2.3. Evaluation of Sidewalk Physical Factors...........coceviiiiiiniiieiiesece e 23
INEFOAUCTION ... bbbt bbbt 23
2.3.1.  Sidewalk Physical Challenges .........ccccceiiiiiiiiiiiiiieicee e 23
2.3.2.  Effective Walkway WIdth..........ccoiiiiiiieee e 24
2.3.3.  Pedestrian Behavior and Perception ...........cccccccveveiieeiieiesiese e e 24
2.4. Pedestrian Walkability INUEX .........c.ccviiiiiiiiiiciicse e 25
INEFOTUCTION ...ttt bt 25
2.4.1. Pedestrian LeVel Of SEIVICE .......ccceiiiiiiiiiiee e 25
2.4.2. Factors affecting level of SErVICE .......ccoveviiiiiic e, 26
2.5.  Empirical LIterature REVIEW .........ccccoiiiiiieiie ettt 31
Walkable Sidewalks in Copenhagen, Denmark...........c.cocvevvieeiieieciie i 31
2.6.  GapS OF lITErature rEVIBW ..........oiiiiiiieiieiciet ettt 31
METHODS AND MATERIAL ... 32
3.1, Description Of the STUAY area..........ccoviiiieiieieie e 32
311, Site SEIECLION CIITEIIA. ...cviivieiiiiiiieiieieie ettt 32
3.2.  Background about the Study SITe .........ccieiiiiiiiiieree e 34
3.3, RESEAICN DBSIGN ...ttt bbbt 35
3.4, RESEArch APPrOACH ......couiiiiieiiiiiit bbb 36
3.5, Type and SOUICE OF Aata .....c.eeiviiiiieiii e 36
3.6, RESEArch MEtNOUS. ........ccueiiiiiiiii e 36

3.6.1. Method and Material used for first ODJECLIVE.........cccevveiiiiiieciec e, 37



1L T 0 S |V =1 o Vo Yo I LY=o [T TTORRR 37

3.6.1.2.  Material USEA .......ccoeiiiiiiieisiiiee e 41
3.6.2. Method and Material used for second and third objectives...........ccccevvereennenn. 42
3.6.2.1.  MEthOd USEA .......ooiiiiiiiieiciiee et 42
3.6.2.2.  Material USE ........ccooiiiiiiiiiiiieieee s 42
3u8. SAMPIING ..ttt e b et bbbt 43
3.6.1. SaMPIiNg tECANTQUES .....c.veiiiiiieie e 43
3.6.2.  SAMPIE SIZE ..o e 43
3.7. Data analysis tECANIQUES...........coiiiiiiieiee s 45
3.7.1.  Quantitative data analySis ..........ccooeiriiiiiiie e 45
3.7.2.  Qualitative data analysiS .........cccciveieiiieiieieciese e 45
3.8.  Ethical CONSIABIALION ......c.eoviiiieiiiiiiiceec e 46
RESULT AND DISCUSSION .....coiiiiiieiieeee et 47
4.1. Respondent pedestrian CharaCteristiCS..........ccvvuviiiiiiiiiiic i 47
4.1.1. Gender Distribution of the respondents ...........cccevvveeveeie i 47
4.1.2.  AQE DIStIDULION.......coiiiiiece e 47
4.1.3.  Occupation Status Of reSPONUENT ..........ccoveviiiiiiiieie e 48
4.1.4. Respondent PUrpose 0N the trip ........ccooeieiiieneiiiiseeee s 49
4.2.  Current physical assessment of pedestrian sidewalk.............ccccooveniiniiinininnn, 49
4.2.1. Franko segment sidewalk aSSeSSMENT........cccoeiiiiriiinieiciee s 49
4.2.2. Postabet to Mebrathayil Segment Sidewalk ASSESSMENt...........ccccevvreiiieeienn 51
4.2.3. 04 kebele to Mariam church Segment Sidewalk Assessment.............ccocvvveneene. 53
4.2.4. Bole Segment Sidewalk ASSESSIMENT ........ccciiiiiiriiieieieee s 54
4.2.5. DISCUSSION ..ottt bbbttt nb ettt 56
4.3. Pedestrian Perception on the Sidewalk Walkability ............ccccooceeiiiiiiiiiiiiiieei 57
4.3.1. Pedestrian experience of existing sidewalk ..............cccoooviviiiiieiiii e 57

4.3.2. Perceived indicator of existing sidewalk state ............c.ccccooeiiieiiiiii e, 59



4.3.3.  COrrelation @NAIYSIS ......c.cccverueiiieiieiecie e 62

4.4. Evaluation of Existing Sidewalk Pedestrian Level of Service..........ccccocvvvveveiinnnn. 63
4.4.1. HCM Method PLOS Evaluation Result............cccooiiiiiiiiiiceecee, 63

I. HCM PLOS Result of Franko street Segment ...........cccocvvveviiieiiieieeie s 64

[l.  HCM PLOS Result of Postabet to Mebrathayil street segment...............c.ccceeneee. 66

1. HCM PLOS Result of 04 kebele to Mariam church street segment...................... 69

IV. HCM PLOS Result of Bole street Segment ..........ccoveviiniiienin i 71
A.4.2. DISCUSSION ..ottt bbb bbbt 73
4.4.3. Australian Method PLOS Evaluation Result ...........ccccooeieiiiiiiniiince 75

I.  Franko and Mebrathayil Segment PLOS ReSUIt..........cccoooiiiiiiiiiie 76

Il. 04 Kebele to Mariam church and Bole Segment PLOS Result..........c..ccccccvevenee. 77
AA4.4, DISCUSSION ..ottt ettt bbb b et b bbb ettt b en e ane s 79

5. CONCLUSION AND RECOMMENDATIONS ......oooiiiieiieie e 82
5.4, CONCIUSTON. ...ttt ettt bbbt 82
5.5, RECOMMENUALION......ctiiiiiitiiciieieieee e 83
5.5.1.  Policy recommendation ............cccceviiieiieieiic e 83
5.5.2. Recommendation for Governmental Organization.............cccccceeevvveveeiiesienenn, 84
5.5.3.  Design solution for the Street SEgMENTS .........cccoveriririirieie e 85
RETEIENCES ...t bbbttt bbbttt 90
Appendex A: Questionnaire for PEAESIIIAN..........coviiiiirere e, 94
Appendex B: Questionnaire for Municipality and EXPerts.........cccccooverennennineiceeee, 98
Appendex C: Site observation CNECKIIST ............cooiiiiiiii e 99
Appendex D: pedestrian count table ... 100

Appendex E: Checklist of sidewalk indicator collected at every 60m distance section........ 101



List of Table

Table 2-1: Recommended distance limit without rest for disabled .............c.ccocooininiiiiieen, 13
Table 2-2: sidewalk zone width at different Street type. ........cceveiieiiieie i, 16
Table 2-3: Effects of gradient on pedeStrian...........cccveiviieiieie e 18
Table 2-4: Addis Ababa standard size of sidewalK............cccooviiiiininiii e, 23
Table 2-5: Models of LOS by different reSEarchers ..........cccooveeieeienie e 26
Table 2-6: Australian method PLOS grading SCale ...........cccuevveieiiieiieie e 28
Table 2-7: Physical/ design factor grading ...........ccccvveriiieiiese e 29
Table 2-8: Location factor grading ...........ccoeeiiieieiiiene e 30
Table 2-9: User factor grading.........cooeoeiiiininieieeiese e 30
Table 3-1: List of sidewalk iNdICALOrS. ........ccccuiiiiiiiiiie e 37
Table 3-2: Levels of sidewalk indiCator...........cccvoiiiiiiiiie i 38
Table 3-3: Pedestrian level of SErviCe Criteria.........couirieiieriiieiieseee e 41
Table 3-4: selected number of respondent by cotta sampling from the four street segments..44
Table 4-1: Gender distribution of reSPONAENLS .........ccccviiiiiiiiii i 47
Table 4-2: Age DIStHDULION ..o 48
Table 4-3: Occupation Distribution of RESPONCENt............cociiiiiiiniieee e, 48
Table 4-4: Respondent PUIPOSE OF TP ...c..oiviiiiiiieieiee e 49
Table 4-5: Franko segment Scores of the sidewalk iNndicators ...........cccccoovvevveveiicciececienn, 50
Table 4-6: Postabet - Mebrathayil Segment Scores of the sidewalk indicators...................... 52
Table 4-7: 04 - Mariam Church Segment Scores of the sidewalk indicators ...........c.ccccoe.... 54
Table 4-8: Bole Segment Scores of the sidewalk indicators.... Error! Bookmark not defined.
Table 4-9: walking preference of reSPONdeNnt ..........ccooviiiieie i 57
Table 4-10: Activities on the sidewalk most obstruct ability to walk...............ccccoevveiiiiennn, 59
Table 4-11: Adequacy rate of sidewalk Width ..., 60
Table 4-12: Rate of sidewalk surface qUality ..........ccccceoeririiiniiieeee e, 60
Table 4-13: Presence of Obstacle on Sidewalk...........cccooiiiiiiiiiiieiieece e 61
Table 4-14: Rate of accessibility feature on the sidewalk .............cccceviiiiiiiiiiiccc e, 62
Table 4-15: Correlation @NalYSIS ..o 63
Table 4-16: HCM PLOS CrITEIIA . .....civeieiieiierieeieseese e e esee e se e e saaeneessaesseenaesneesneas 64
Table 4-17: Franko segment pedestrian cCount reSUlt..........cccoovveiieiiieiie e 65
Table 4-18: Franko segment pedestrian FIOW ReSUIt ...........cccoevieiiiiiiiiiic e 66



Table 4-19: Franko segment pedestrian Flow rate ReSUlt ............cccovveieiiiiieie e 66

Table 4-20: Mebrathayil segment pedestrian count result............cccevveveiieriveie e 67
Table 4-21: Mebrathayil segment pedestrian FIoOw Result .............ccooveiiiiiiiiiiieneeeeens 68
Table 4-22: Mebrathayil segment pedestrian Flow rate Result ...........coccoooeviiveiienicnciininn, 68
Table 4-23:04 kebele to Maroam church segment pedestrian count result ..............ccccceeeenee. 69
Table 4-24: 04 kebele to Maroam church segment pedestrian flow result...........c...ccccceeeenne. 70
Table 4-25: 04 kebele to Mariam church segment pedestrian Flow rate Result...................... 70
Table 4-26: Bole segment pedestrian Count reSUlL.............cooeiiiiiinieiciee e, 72
Table 4-27: Bole segment pedestrian flow result ............ccovevviiiiiecicce e, 72
Table 4-28: Bole segment pedestrian Flow rate Result.............cccooveiieii i, 73
Table 4-29: Australian PLOS grade SCale............ooviiiiiiiiiiire e 76
Table 4-30: Franko and Mebrathayil Segment PLOS ReSUlt ..........cccooeieiiiiniiiiicecee, 76
Table 4-31: 04 Kebele to Mariam church and Bole Segment PLOS Result.............c.ccccce..e. 77

Table 4-32: PLOS Cross tabulation rESUIL ........ocoeeeeeeeee et e e e 78



List of figure

Figure 2.2-1: Curb ramp COMPONENTS ....c.vveveiiieiieeiesee st este e seeste e sra e e sreesreeseesreesreeneeenes 21
Figure 2.2-2: Warning tile and directional tile of tactile pavement...........cccocoiiiiiiiicien, 22
Figure 3.1-1: Location Map of Adama CItY ..........ccerrriiiiiiiiisieicee e 32
Figure 3.1-2: Adama city pedestrian character ZONES...........cccccvevveieriere e 33
Figure 3.1-3: Location of Selected Street SEgMENTS........ccveveiieiiiie e 34
Figure 3.3-1: Research Design DIagram........cccucueieiererenienesesie e 35
Figure 4.2-1: Franko segment sidewalk physical condition ............cccccoeveniniiiniiniiiieen, 51
Figure 4.2-2: Postabet - Mebrathayil segment sidewalk physical condition .............c..cc.c....... 53
Figure 4.2-3: 04 - Mariam church segment sidewalk physical condition..............c.c.cccovennne. 53
Figure 4.2-4: Bole segment sidewalk physical condition......... Error! Bookmark not defined.
Figure 4.3-1: Frequency Of STAeWalK USE .........ccoiiiiiiiiiei e 58
Figure 4.3-2: PUrP0SE O the triP .....cve i 58
Figure 4.4-1: Selected pedestrian CoUNt POINTS.........ccceiveiieiiiieere e 64
Figure 14: PLOS Selected Street SEQMENTS ........cviieiiieieieie e 75
Figure 15: pedestrian zone design of SIAeWaIK ...........cccooiiiiiiiiiiiice e 86
Figure 6: pedestrian and planting ZONE ..........ccueiveiiiieii e 87
Figure 7: proposed sidewalk and Street deSign .........cccoveeeiieiieeie i 87
Figure 18: PavemMeNt GESIGN ......cveviiieiirierieriesii ettt bbbt 88

Figure 19: Curb ramp deSION ....c.eoeiieieiie bbb 89


file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603440
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603441
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603442
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603443
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603446
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603447
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603448
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603449
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603452
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603453
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603454
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603457
file:///C:/Users/user/Downloads/Telegram%20Desktop/tesfaye%20Regasa%20Thesis%20report%20final.docx%23_Toc169603458

LIST OF ACRONYMS AND ABBREVIATIONS

AA Addis Ababa

ASTU Adama science and technology university
GIS Geographic Information System
HCM Highway Capacity Manual

LOS Level of Service

PF Pedestrians flow

PFR Pedestrians flow Rate

PLOS Pedestrians Level of Service

SAD Shy Distance

SDG Sustainable Development Goals
SPSS Statically Package for Social Science.
TRB Transportation Research Board

UN United Nations

We Effective width



Abstract
The physical condition of sidewalks affected by different factors. Factors such as width, surface
quality, presence of obstacles, and accessibility features directly impact pedestrian mobility.
Narrow sidewalks, damaged surfaces, obstructions like parked vehicles or street vendors, and
a lack of pedestrian-friendly infrastructure contribute to an unfavourable walking experience.
These challenges hinder pedestrians' ability to navigate the city on foot and may force them to
rely more on motorized transportation options. Adama a rapidly growing conference and
industrial, lacks any planned walking environment, and the existing sidewalks are also
inaccessible and crowded with obstructions like street vendors. The main objective of the study
is to address the unseen physical challenges facing pedestrians on the sidewalk of Adama city
and provide effective technical and design recommendations In this study, both quantitative
and qualitative methods were used to achieve the intended objectives. The study conducted 384
questionnaire surveys using a purposive sampling method to obtain information related to
pedestrian physical challenge and pedestrian pattern, and perceptions of built environment
infrastructure. Based on the observation data gathering the Pedestrian level of service and
sidewalk walkability indicator results show that in four sidewalk segment surveyed areas
resulted 35.7 ped/min/m, 34.84 ped/min/m, 25.7 ped/min/m and 4.13 ped/min/m putting the
sidewalks level of service in D, level of service in D, level of service C and level of service A
respectively. Based on PLOS the finding analysis indicates that the current physical condition
of the sidewalk has inadequate pedestrian facilities and lacks connectivity with many
pedestrian movement obstructions which resulted in the reduction of pedestrian walking speed
and pedestrian level of service (PLOS). In general, the study developed a strategy and
proposed a design for a pedestrian walking environment and a better space where pedestrian

can travel without disturbing.

Key words: walkability, Physical Challenges Evaluation, pedestrian, sidewalk, street



CHAPTER ONE

1. INTRODUCTION

1.1. Background

Walking was one of the most prevalent means of mobility in both animals and humans, and it
was usually slower than running and other types of locomotion. (world health organization,
2013). Walking was the most fundamental means of transportation available to humans. From
the earliest human settlements, it had been a factor in the design of communities (Frederick &
Kent, 2007). It was just part of our daily lives as humans. As a result, it was a common mode
of transportation that was frequently missed. Every single one of us were a walker. Walking
was a basic and widespread means of transportation in all communities around the world.
Almost every journey began and ended with a walk. On certain journeys, walking was the only
mode of transportation, whether it was a long ride or a quick trip to the store (world health
organization, 2013).

Pedestrians were generally ignored in urban planning, and walking was not widely seen as a
means of transportation. As a result of this disregard for pedestrian movement, there were a
general lack of interest in it, as well as pedestrian environment were not comfortable. (Paula
Alexandra Sepulveda Ferreira Da Silva, 2008). This issue was predominantly observed in
developing countries like Ethiopia. Recently, there has been a shift in focus towards addressing
the challenges stemming from designing communities primarily for motorized transport. This
shift has given new meanings to the terms "walkable" and "walkability." Instead of solely
focusing on negative health effects caused by sedentary lifestyles, attention has turned to the
role of walking in enhancing individuals' health, safety, and well-being. In this context,
"walkable" and "walkability" encompass various aspects of community design aimed at
encouraging walking. (Frederick & Kent, 2007).

At the macroscale, planners and urban designers had to consider the mix of land uses, as well
as site and street network design constraints. At the microscale, walkability requires attention
to the details and design of sidewalks, crosswalks, building fagades, benches, and other human-
scale designed features. (Frederick & Kent, 2007).

Sidewalks were important in transportation because they provided a protected walking path
that was isolated from the motorized traffic. They improved road safety by reducing

pedestrian-motorized traffic interactions. Sidewalks were usually paired, one on either side of



the lane, with motorized vehicles using the middle segment. Sidewalks, like roads, should be
designed to accommodate all users. This included children, the elderly, and parents pushing
strollers, as well as pedestrians with vision impairments, wheelchair users, and those who use

assistive devices (U.S. Department of Transportation, 2014).

Regular exercise, such as walking, running, or skating, lowered obesity, stroke, coronary heart
disease, and other related medical problems. Acute health-care expenses would be decreased
as a result, and quality of life was improved. Vehicle carbon emissions from short-distance or
short-trip driving contributed to climate change (Nwakaire, Chuku, & Udemba, 2017). As a
result, rather than being used for automobiles, the usage of sidewalks should be encouraged
because sidewalks and walking promote a healthier way of living (Federation of Canadian

manucipalities and National research council, 2004).

The practice of diverting traffic away from areas of high pedestrian activity began with the
city centre shopping streets. To be fully pedestrianized, a shopping street's shops must have
access to non-shopping-street services. Vehicles may use the street to serve the businesses in
the early morning and late afternoon, but for the majority of the shopping day, the street is
pedestrian only. Residential neighbourhoods have recently been modified to prioritize
pedestrians. (Mitchell, 2007)

Based on my observation in Ethiopia pedestrian walkways were not promoted walking and
exposed to different physical challenges such as narrowed width, improper placement of street
furniture’s and poles, vendors occupied the space and other problems were faced pedestrian
while walked on sidewalks. This was a common problem for many developing countries.
According to the WHO’s (World Health Organization) report in 2015 there were around 15
percent of world populations were disabled. Those people with disabilities wants to live as an
independent life as other non-disabled people in this world. To support their daily activities,
they required technical aids as wheelchairs, guide dogs, tactile paving and many others. In this
thesis the researcher wanted to eases their daily movement by studying major problems on
pedestrian and finding a better solution. The main purpose of this research work was to provide
valuable information on effective design solution for ensuring accessibility of pedestrian

walkways for all pedestrians.



1.1.1. Pedestrian sidewalk safety and challenge in Ethiopia

Every journey began and ended on foot. However, in the United States, people 65 and older
made just around 8% of their trips on foot, while in Sub-Saharan Africa, walking accounts for
50% of all regular trips for people of all ages. The challenges of pedestrians on the street
sidewalks of developing countries were started by the lack of any provision of walkways up to
improper design and placement of the sidewalk channel (WorldBank, 2005). These challenges
were decreased walking habits of pedestrians, while the problem was more aggravated for
disabled and elderly pedestrians. Despite their difficulties, disabled and elderly people were
more likely to travel long distances. This issue was worsened by both a lack of accessibility
and a high cost. But, for people who walked with a walking aid or a stick, the recommended
maximum walking distances were much shorter. Those with impairments were primarily
insecure in their daily activities because most developing countries' development does not take
disabled people into account as much as it does today. (WorldBank, 2005).

Based on my observation Most of pedestrian walkways of Ethiopia cities/towns where they
actually exist were exposed to different physical problem such as narrow width, damaged
pavement, improper placement of utility poles, vendors encroach the walkway, uneven level
change, stalls encroach the space, car parked on walkways and other related challenges were
made sidewalk environment insecure, representing discomfort and lack of safety for
pedestrians in general and for the disabled in particular. A preliminary evaluation of these
sidewalks indicates that most of them were unsuitable for proper circulation because of the
presence of obstacles, their precariousness, or the unsuitability of the materials used in their
construction and lack of street furniture's on the walkways. Most of street in our towns and
cities had lack of walkway beside the street and those having walkways even did not secure
those who remains with healthy abled bodies. Those part of society with disability are left

unchecked in case of our country.

Accessibility for all pedestrian including disabled and older people did not only mean physical
access to vehicles and walkways. It includes information in forms that were useable by
everyone, training of transport staff to understand the needs of all pedestrian, and design and

layout of urban areas to enable people to move about safely and confidently (Rahaman, 2005).



1.1.2. Contextual background

Adama, positioned in the central part of Ethiopia's Oromia Region, lies within the East Shewa
Zone, approximately 99 km southeast of the capital, Addis Ababa. Nestled between an
escarpment to the west and the Great Rift Valley to the east, Adama thrives as a bustling
economic and conference hub. It boasts a diverse population comprising individuals from
various nations and ethnic backgrounds. Additionally, the city serves as a pivotal center for
numerous zonal and regional offices. In the city, different facilities and infrastructure were
developed. Streets were among the basic infrastructure priorities for the city administration, as
they serve as a lifeline for both humans and freight. Most of the streets were narrowed
compared to the structural plan prepared and had a grid pattern. The street escape environments
were not walkable, and the pedestrian walkways beside the street were narrow, not well
designed, and had different obstacles that challenged pedestrian walkability.

A convenient, accessible, and comfortable pedestrian environment makes a journey by foot
pleasant and enjoyable. According to a World Bank report in 2005, walking accounts for 50%
of all our regular trips for people of all ages in sub-Saharan Africa. However, based on my
simple observation in Adama city, more than 50% of trips were made on foot every day, but
the pedestrians were facing many problems while using the walkways. Narrowed width, broken
pavement, uneven level change of walkways, street vendors occupying the space, and other
related problems were among the pedestrian challenges that hindered the walkability of the
sidewalk. A lot of research work is being conducted to assess the pedestrian level of service in
developed nations, but in developing countries like Ethiopia, it is not a significant one for

transport planners.

1.2. Problem Statement

Street walkability is an indicator of the suitability of the built environment for walking. A
walkable street is one where walking is safe and enjoyable, where people wanted to walk, and
where fast and widespread car traffic is not a concern (Quednau, 2018). The walkability of any
street will improve if pedestrians have access to safe, comfortable, and accessible infrastructure
(Litman T. A., 2015). Sidewalks are the main infrastructure for pedestrian mobility. Studies on
the condition of sidewalks and their impact on walkability have garnered considerable attention
in developed countries (Shaaban k. , 2019). Walkable cities provided numerous advantages to
their residents, such as improved road and personal safety, convenience, accessibility to
destinations, multimodal transportation, and a higher level of health (Athanasios, George, &
Nikolaos, 2016).



Ethiopia is one of the developing countries with rapid economic development in the horn of
Africa. According to the United Nations, a developing country was one with a low living
standard, an underdeveloped industrial base, and a moderate-to-low Human Development
Index. Basically, Ethiopia shared most of the developing country characteristics that is why the
country labelled as developing nation. A key characteristic of the developing country is poor
infrastructure. Narrow streets, obstructions, a lack of covered corridors, enticing components,
and aggressive driving against pedestrians are only a few of the challenges that inhabitants are
exposed to. Improving walkability was a challenging task for government agencies, especially

in developing countries like Ethiopia.

In developing country, the issue of pedestrian sidewalk is not primary concern when designing
streets and roads. Most of the streets in Ethiopian towns has no pedestrian sidewalk and those
having sidewalks are also full of physical challenges that made them inconvenient and
inaccessible for all pedestrians and pedestrian in different social group such as children, elders
and disabled. A few studies investigating sidewalks walkability were conducted in developing
country. Especially the studies focused on accessibility, convenience, comfort, vendors related
walkability issue (Christopher Kost, Naomi Mwaura, Advait Jani, Christopher Van Eyken,
2015) (Nwakaire, Chuku, & Udemba, 2017) (Shaaban K. , 2019). Even those studies were
conducted the walkability issue of sidewalk was not well addressed. The fundamental gap of
these research studies was the insufficient coverage of the walkability indicator related to
sidewalks, specifically the physical characteristics of the sidewalks. While many studies may
address aspects like the width, surface material, and connectivity of sidewalks, they often fail
to investigate deeply into the comprehensive physical features that significantly influence
walkability. These features include the presence and condition of curb ramps, the degree of
obstructions (such as utility poles or parked cars), the consistency and maintenance of the

walking surface, and the presence of amenities like benches and shade.

Adama is one of a city in Ethiopia that has recorded rapid economic development in the past
few years. In the last five years the city administration is providing massive infrastructure
development. Road construction is among the focus area of city administration. Even the
infrastructure development is encouraging and supported, but it is not well planned and
designed based on research and feasibility studies. The sidewalk paths constructed and renewed
in the city nowadays are not even sustainable and walkable. The sidewalks in Adama city are
exposed for a number of issues with poor sidewalk physical character. Some of those character

are; Vendors occupied the path space, narrow width, improper placement of utility, uneven



level change, stalls encroach walkways, construction material damped along walkway,
maintenance of sidewalk, bad odour and germs from dusts on footpath, Discontinuation of the
walkway creates problems to the disabled persons for walking conveniently, lack of street
amenities and furniture, lllegal vehicle parking on footpath and Poor pavement design and

construction materials.

Generally, the sidewalks in this city are face different problems and it is not inclusive for all.
The width of the pedestrian sidewalk, pavement and different street furniture's are need to
design for disables, elders and children to make them part pedestrian using the routes and
encourage walking environment. This study evaluates the physical challenges of sidewalk on
pedestrian mobility and its impact on the walkability of pedestrian environment in Adama city.

This may give an input for further studies on the title.

1.3. Objective of the study

1.3.1. General objective
The major aim of this research is to address the unseen physical challenges facing pedestrians
on the sidewalk of Adama city and provide effective technical and design recommendations

that ensure a convenient, inclusive, and walkable pedestrian environment.

1.3.2. Specific objectives

A. To identify types of sidewalk physical challenges that decrease pedestrian
mobility on the arterial streets of Adama City.

B. To evaluate the impact of sidewalk physical characteristic on pedestrian
walkability and safety.

C. To propose recommendations and interventions for improving pedestrian
walkability by addressing the identified sidewalk physical challenges.

1.4. Research Question
A. What types of physical challenges on sidewalks decrease pedestrian mobility on
the arterial streets of Adama City?
B. How do the physical characteristics of sidewalks impact pedestrian walkability
and safety in Adama City?
C. What recommendations and interventions can be proposed to improve pedestrian
walkability by addressing the identified physical challenges on sidewalks?



1.5. Significance of the study
This study holds significant importance as it addresses critical aspects of pedestrian
infrastructure in Adama City. By identifying and evaluating the physical challenges on
sidewalks, the research aims to enhance pedestrian mobility, safety, and overall walkability.
Understanding the impact of these challenges on pedestrian behaviour and safety is crucial for
developing effective urban planning and design strategies. This research will assist to tackle
critical social, economic, and physical issues that society and marginalized groups face on
pedestrian walkways. Ultimately, the recommendations and interventions proposed by this
study will inform policy-makers, urban planners, and local authorities, guiding them in creating

a more inclusive, accessible, and pedestrian-friendly urban environment in Adama City.

This research can also be used to inform for further research by researchers interested in the
topic, as well as provide alternative perspectives regarding the impact of sidewalk physical
barriers on pedestrian walkability. The study area’s pedestrian level of service and pedestrian
walkability index may be used as an initial point for additional research. The result of the
measurement is also used for existing local research on the sidewalk studies. On this research
the walk score analysis and environmental aspects of sidewalk such as thermal comfort of

sidewalk are not covered,; this helps other researchers to explore in more in depth on this gap.

1.6. Scope of the Study
This research mainly focused on assessing the physical challenges of the sidewalk and its
impact on pedestrian walkability on the selected arterial street segments of Adama. The scope
of the study was limited to identifying the challenges of sidewalk physical factors, assessing
its impact, and evaluating the sidewalk quality. The study mainly focused on the physical
factors such as width, pavement, zoning, curb ramp, uneven walkway level change, path
encroachment, street amenities, street vendors, gradient, and cleanliness. The walkability

challenge was analysed using PLOS and the Walkability index method.

The spatial scope of the study was limited on Adama city arterial streets. This was on the four
(4) selected sidewalk segments of the arterial street at Adama those were Franko, Mebrathayil,
04 kebele and Bole segments. The selected segments were from three zones classified by the

researcher.



1.7. Limitation of the study
Regarding the limitations of the study, a few challenges were faced in conducting the research.
The major challenges faced during the process of study were the lack of necessary instruments
to collect pedestrian walkability index data such as pedestrian walking speed and density
analysis. The other was the lack of previous studies on the topic, which has allowed further
analysis. The shortage of available documents to the study, the absence of written documents
about pedestrian walkways in Adama context, and also determining ways to take total
population and sample size for pedestrian oriented research is not clearly stated. Additionally,
the current and ongoing political instability in the country created an environment of fear,

making people hesitant to participate and share information.

1.8. Organization of the paper
The thesis is organized into five chapters, each systematically and effectively examining the
study's content and data. The first chapter of the research contains, an introduction, background
of the study, statement of the problem, objectives as general and specific, research question
significance, delimitation or scope of the study, limitation of the study, and at last an

organization of the research were clearly stated.

In the second chapter border area of the research was examined, evaluated, and stated from
different literature within the literature review. It contains an Introduction, basic conceptual
definitions, and theoretical and empirical views of the research area were referred carefully.
Chapter three discusses the tactic and materials used for this specific research. It explains the
research approach, research design, research methods, methods for data collection, types and
sources of knowledge and eventually, data analysis and presentation methods were discussed.
Result and Discussion may be a chapter that discusses the results of qualitative and quantitative
data findings. The subjective qualitative data are analysed and supported by a questionnaire
survey, field observation notes, and printed documents from different sectors. The target
quantitative data are analysed and supported by field observation, measurements of the physical
feature of the walking environment, images, aerial photographs, topographic maps. Conclusion
and recommendation are the concluding part of the thesis. The chapter made a conclusion that
supported the findings from the literature review, the case study of Adama Street, and therefore
the results of the discussions. Additionally, the study recommends the most effective pedestrian

friendly sidewalk supported by urban design principles.



CHAPTER TWO

2. LITERATURE REVIEW

This section examines the existing literature on the sidewalk physical factors, their impact on
pedestrian walkability and pedestrian safety, and the quality of the pedestrian sidewalk for a
walkable pedestrian environment. It aims at acquiring available knowledge and identifying
blank spots in relation to our research question. The results of this literature review will serve
as the foundation for developing a conceptual framework for the provision of a walkable and

inclusive sidewalk environment that serves all pedestrians, including the disabled and elderly.

2.1. Concept and Definition Terms
Walking

Walking is one of the most simple and inexpensive kinds of physical exercise. Walking is
important for people's health since it can help them avoid illnesses including heart disease,
diabetes, and hypertension (Shaaban K. , 2019). It is the first thing an infant wants to do and
the last thing an elderly person wants to give up to taking small steps forward. For two-legged
creatures, it means proceeding at a varying pace without running, always keeping one foot on

the ground before lifting the other (Langen, 2001).
Walkability

Walkability measures how suitable an area is for walking, whether on a street or within a
neighbourhood. The design and construction of a residential neighbourhood significantly
impact its walkability. Enhancing walkability involves providing pedestrians with safe,
comfortable, and accessible infrastructure (Shaaban K. , 2019).

Sidewalk

sidewalk means property between the curb lines in the lateral line of a roadway and adjacent
property, set aside and intended for the use of pedestrians or such portion of private property
parallel and in proximity to public highway and dedicated to use by pedestrians. (Revised Code
of Washington (RCW), 1995). According to Dr Tom V. Mathew, 2014 Sidewalks are
pedestrian lanes that offer people with a safe place to stroll in the public right-of-way, away

from traffic. Children can also stroll, run, skate, ride bikes, and play in these areas.



Pedestrian

The term "pedestrian™ describes anyone who walk, sit, stand in a public place or uses a
wheelchair or stick for mobility. This includes children, youths, adults, elders, people with

disabilities, shopkeepers and etc. (Agarwal & Chakravarti, 2014).

2.2. Pedestrian mobility and Sidewalk physical character

2.2.1. Travel or movement of people
Travel is defined as the movement of people between geographically distant locations by foot,
bicycle, automobile, rail, boat, airline, or other methods, and can be one-way or round-trip.
Short periods of time between movements might also be included in travel (Shaaban K. , 2019).
Hillman et al (1973) defined mobility as “the capacity that a person has for getting around”,
also Tolley, R and B Turton (1995) noted that mobility depends on personal factors such as
health and financial resources and upon the range of transport facilities that are available.
Hence, mobility is personal and evolves throughout an individual's life, necessitating various
types of transport services. Mobility and access are crucial for realizing one's potential in areas

such as education, employment, and entertainment.

Why we travel? Humans travel for a variety of reasons, including recreation, tourism, or
vacationing, research travel for information gathering, holiday travel to visit people, volunteer
travel for charity, migration to start a new life somewhere else, religious and mission trips,
business travel, trade, and other reasons such as health care or waging, or simply for the
pleasure of travelling. Travel may occur by human powered transport such as walking or with
vehicle (Lumsdon & Page(Eds), 2004).

2.2.2. Types of sidewalks

The literature on sidewalk types provides comprehensive insights into various designs that
cater to distinct urban environments and pedestrian requirements. Traditional sidewalks, made
of concrete or asphalt, are the most common, offering straightforward paths parallel to roads,
essential for daily pedestrian movement (Southworth, 2005; Litman, 2013). Pedestrian malls,
often found in commercial districts, create vibrant, car-free zones with seating, landscaping,
and public art, promoting social interaction and economic activity (Gehl, 2010). Shared use
paths are designed for both pedestrians and cyclists, facilitating active transportation in parks
and urban connectors (Schlossberg et al., 2007). Raised sidewalks enhance pedestrian safety
by providing elevation above street level, useful in areas with heavy traffic or flooding
(Jacobsen, 2003).



Brick or paver sidewalks, favoured in historic districts, offer aesthetic appeal and ease of
maintenance by replacing individual units as needed (Gallimore et al., 2011). Boardwalks,
constructed from wooden planks, are typically found in coastal or park areas, providing a rustic,
scenic route for recreational walking (Cervero & Kockelman, 1997). Permeable sidewalks,
made from materials like porous concrete, support environmental sustainability by allowing
water infiltration and reducing runoff (Zhu & Lee, 2008). Floating sidewalks, built on
platforms over water, offer access to natural areas with minimal ecological impact, commonly
used in wetlands and along riverbanks (Maas et al., 2009). Temporary or movable sidewalks
ensure pedestrian access during construction or events, featuring modular designs for easy
adjustment (Litman T., 2013). Sidewalk cafés integrate dining spaces into urban sidewalks,

enhancing street life and social interaction in vibrant city areas (Gehl, 2010).

The diversity of sidewalk types highlights the importance of tailored design approaches to meet
the specific needs of different urban environments and user groups. By understanding the
various types and their respective features and applications, urban planners and designers can

create more effective and pedestrian-friendly urban spaces.

2.2.3. Sidewalk and Characteristics of Pedestrians

Pedestrian sidewalks and trails are more efficient when they are designed to meet the needs of
all potential users. In order to create functional transportation networks, those responsible for
building public sidewalks and trails must understand the needs of a diverse range of route users.
The idea of a "typical pedestrian" is a mistake; in reality, pedestrians’ travel speeds, endurance
limitations, physical strength, size, and judging ability differ greatly. Children, seniors,
families, and individuals with and without disabilities use the sidewalks and trails. (Peter, et
al., 1999)

Individuals have different levels of mobility. Some people can climb mountains, while others
are unable to cross a room on their own, even with the assistance of crutches or a wheelchair.
In general, a person's capacity to reach a destination is determined by his or her speed,
coordination, and endurance, as well as the types of obstacles, grades, and cross-slopes
encountered along the journey. Accessibility standards, such as ADAAG or UFAS, provide
minimal accessibility requirements that suit the needs of the majority of individuals. (Peter, et
al., 1999)

Some design strategies may assist one group while restricting access to another. Installing

ramps to assist wheelchair users, for example, might make walking more difficult for many



cane and crutch users, who may find it simpler to negotiate short steps. Steps and a ramp should
be provided whenever practicable to accommodate both usage groups. The needs and
capabilities of all potential users should be considered and balanced when designing pedestrian
facilities. (Peter, et al., 1999)

1. Older Adults

Improvements in quality of life, nutrition, and health care have increased the number of elderly
people in the United States. By 2020, it is expected that 17% or more of the US population
(almost one in every five) will be over the age of 65 (Peter, et al., 1999). Although aging itself
is not a disability, according to the U.S. Census, in 1990 “most persons aged 75 or older had a
disability” (U.S. Department of Commerce, Bureau of the Census, 1994). Many of the
characteristics commonly associated with aging might limit mobility. Because the attenuated
reflexes and physical limitations of older adults might prohibit them from driving automobiles,
they are more likely to rely on public transit or walking than other adults (FHWA and NHTSA,
1996).

Older pedestrians are more susceptible than other pedestrians to suffer significant injury or
death as a result of falling or traffic incidents. In general, older people require more frequent
rest areas and prefer more private locations. Many older pedestrians, according to polls, are

concerned about their personal safety. (Peter, et al., 1999)
2. Children

Children have fewer capabilities than adults because of their developmental immaturity and
lack of experience. Young people, like elderly people, rely on public transit and walking more
than others since they are unable to drive. On routes frequented by youngsters, such as those
near schools or playgrounds, simple and easy-to-understand traffic flow patterns should be
employed (Peter, et al., 1999).

3. People with Disabilities

According to the United States Census Bureau, one out of every five people in the country has
a handicap (U.S. Department of Commerce, Bureau of the Census, 1994). Due to age, sickness,
or accident, anybody can develop a temporary or permanent impairment at any time. In reality,
85 percent of Americans who live to their full life expectancy will be disabled for the rest of

their lives (Peter, et al., 1999). Elders and disabled people are discouraged from walking long



distances without stopping. Walking lengths were studied in depth in the 1980s, and the

following are suggested based on the findings of these investigations.

Table 2-1: Recommended distance limit without rest for disabled

Impaired group Recommended distance limit without rest
Wheelchair users 150m

Visually impaired 150m

Mobility impaired using stick 50m

Mobility impaired without walking aid 100m

Source: (Australian Disability discrimination act, 1995)

2.2.4. Elements of the sidewalk zone
The sidewalk zone is one of three primary street zones. It is typically situated directly adjacent
to the edge of the public right-of-way. Sidewalks form the backbone of the pedestrian network,
providing crucial access between private properties and streets. They are designed for walking
and gathering, supporting a safe and accessible pedestrian environment (Street Design
Guideline, 2021). Bicycles may use the sidewalk zone in limited locations outside of business
districts or where shared use paths are present. Motor vehicles also may need to travel across
the sidewalk zone to access private property via driveways or alleys (Otak, 1997). The sidewalk
zone is divided into three main subzones: frontage zone, pedestrian clear zone, and boulevard

and furnishing zone, which are described below.
A. Building Frontage Zone

The frontage zone is located immediately adjacent to the edge of the public right-of-way. This
zone is essential for providing space for street users to interact with the surrounding
environment. It allows for activities such as accessing building entrances, window shopping,
and utilizing outdoor seating areas (Otak, 1997). Additionally, the frontage zone acts as a
crucial buffer between the pedestrian clear zone and adjacent buildings, structures, or elevation
changes. This buffer helps to enhance pedestrian safety by creating a clear separation between
walking paths and potential hazards such as door swings, steps, and building projections. The
frontage zone also contributes to the overall aesthetic and functional quality of the streetscape
by accommodating landscaping, signage, and other elements that enrich the urban experience
(Federal Highway Administration, 2010).



Potential uses in the frontage zone include landscaping, transit shelters, retail displays,
sidewalk cafes, or other features that make the pedestrian environment more attractive (Street
Design Guideline, 2021). Depending on available space inside the right-of-way, the building
frontage zone in front of some buildings may become a pedestrian plaza, outdoor café, or
meeting spot (Otak, 1997). For streets with commercial uses, it's important to allocate space
in the frontage zone for sidewalk cafes, following the guidelines outlined in the Process and
Criteria for Sidewalk Café Licenses (Street Design Guideline, 2021).

B. Pedestrian Clear Zone

The pedestrian clear zone is situated between the frontage zone and the boulevard and
furnishing zone. This area is designated for pedestrian travel along streets and must remain free
of obstructions, vertical discontinuities (such as protruding manhole or utility covers), slippery
surfaces (like tree grates or slick metal), and non-compliant cross slopes (Street Design
Guideline, 2021). The pedestrian clear zone serves as the Pedestrian Access Route, as defined
by the Americans with Disability Act of 1990. The Pedestrian Access Route ensures a
minimum passable space for those using mobility devices such as wheelchairs and provides

predictability for those using other devices such as canes.

Maintaining a clear and consistent pedestrian clear zone is crucial for providing a safe,
accessible, and comfortable walking environment for all users, including children, the elderly,
and individuals with disabilities. This zone ensures that pedestrians can move freely without
having to navigate around obstacles or uneven surfaces, thereby promoting a more efficient
and enjoyable walking experience (Federal Highway Administration, 2010). If the travel way
is an accessible route, the minimum required clear space for this zone, free of obstacles and
protrusions, is 0.9 meters (3 feet), but it is preferable to provide as much clear space for
pedestrian travel as possible, especially in urban areas with higher volumes of pedestrian
traffic. A 1- meter (3-foot) wide area is not sufficient for use by more than one person. For this
reason, the pedestrian travel zone on downtown streets should typically be 1.8 to 3.0 meters (6
to 10 feet) wide or greater in areas where high volumes of pedestrians are anticipated (Otak,
1997).

C. Boulevard and Furnishing Zone/ Fixtures or planting zone

The boulevard and furnishing zone is situated between the pedestrian clear zone and the
bikeway or roadway zone. This area serves multiple purposes, providing space for pedestrians

to gather or wait for transit, and accommodating trees, landscaping, and greening. It also



includes furnishings, signs, wayfinding elements, streetlights, street signal infrastructure,
utility cabinets, bicycle and scooter parking, electric vehicle charging stations, and the curb.
Additionally, this zone acts as a buffer, separating pedestrians from motor vehicles to enhance
safety (Street Design Guideline, 2021). To minimize obstacles in the pedestrian travel path and
enhance the area's aesthetic appeal, it is advisable to consolidate utilities, street furniture, and
other features within the boulevard and furnishing zone whenever possible. This approach
reduces barriers that could impede pedestrian movement and ensures a clear and unobstructed
pedestrian clear zone. By strategically placing items such as benches, trash receptacles,
streetlights, utility cabinets, and bicycle racks within this designated area, the overall
organization and visual coherence of the streetscape are improved. Additionally, this
consolidation helps in maintaining an orderly and visually pleasing environment, making the

sidewalk more accessible and enjoyable for all users (Otak, 1997).

Furnishing zone Pedestrian zone Frontage Zone

Figure 2.2-1: Zones of Sidewalk Corridor (The 8 principles of sidewalks, 2019)

2.2.5. Sidewalk design consideration
Sidewalk physical design necessitates careful attention to various factors ensuring safety,
accessibility, and functionality for all users. Here are key principles to guide the design of

sidewalks:



A. Sidewalk width

The width of pedestrian sidewalks is crucial in urban design, impacting safety, accessibility,
and the overall pedestrian experience. Adequate sidewalk width allows for various pedestrian
activities, fosters social interactions, and ensures adherence to accessibility standards. Research
and guidelines from urban planning and transportation authority’s emphasize the importance
of minimum width requirements for sidewalks. According to the Americans with Disabilities
Act (ADA) standards, the minimum accessible route for sidewalks is 1.2 meters (4 feet) to
ensure wheelchair accessibility (ADA, 2010). However, this minimum width is often

insufficient in high-traffic areas.

Studies suggest that wider sidewalks significantly enhance pedestrian comfort and safety. In
urban areas with high pedestrian volumes, widths of 1.8 to 3.0 meters (6 to 10 feet) are
recommended (Southworth, 2005). This increased width accommodates multiple pedestrians
walking side by side, reduces congestion, and allows for the integration of street furniture and

landscaping without obstructing pedestrian flow.

Several factors influence the appropriate width of sidewalks, including pedestrian volume, land
use, and street context. High-density commercial districts require wider sidewalks to handle
increased foot traffic and activities such as outdoor dining and street vending (Jacobs, 1993).
Guidelines for sidewalk zones differ by street type to accommodate the diverse contexts found
throughout the city (Street Design Guideline, 2021).

Pedestrian clear Boulevard and
Type of the street Frontage zone zone furnish zone
Urban neighborhood 2°+ or (60cm) 6> (1.8m) 5°+ or 1.5m above
Production & processing 2°+ or (60cm) 6’ (1.8m) 5°+ or 1.5m above
Mixed use community connector 2°+ or (60cm) 6’ — 8’ (1.8m-2.5m) | 5°+ or 1.5m above
Mixed use commercial zone 2’+ or (60cm) 6’ — 10’ (1.8m-3m) | 6’+ or 1.8m above
Downtown core 2’+ or (60cm) 8’ —-10’ (2.5m-3m) | 6°+ or 1.8m above
Parkway 2’+ or (60cm) 6’8 (1.8m-2.5m | 6’+ or 1.8m above

Table 2-2: sidewalk zone width at different street type. (source: Street Design Guideline, 2021)

B. Surface material

Selecting the surface material for sidewalks is an important aspect influencing durability,
safety, accessibility, and overall pedestrian comfort. This review explores key considerations

and recommendations from the literature on choosing suitable surface materials for sidewalks.



Durability is a primary concern in the selection of sidewalk materials. Materials must withstand
varying weather conditions, heavy foot traffic, and potential impacts from vehicles. Concrete
is widely recommended due to its high durability and low maintenance requirements (FHWA,
2010).

Accessibility standards, such as those outlined in the Americans with Disabilities Act (ADA),
require sidewalks to have surfaces that are firm, stable, and slip-resistant. These standards
ensure that sidewalks are navigable by all users, including those with mobility aids such as
wheelchairs and walkers (ADA, 2010). Tactile paving is often used at crosswalks and curb
ramps to aid visually impaired pedestrians. Selecting the appropriate surface material for
sidewalks involves balancing durability, safety, accessibility, aesthetics, environmental impact,
and cost. Concrete remains the preferred choice for many urban environments due to its
durability and low maintenance needs, while permeable and recycled materials are increasingly

considered for their environmental benefits.
C. Slope and Cross-slope

Slope and cross-slope are critical factors in sidewalk design, impacting accessibility, safety,
and drainage. The Americans with Disabilities Act (ADA) sets specific requirements for
sidewalk slope and cross-slope to ensure accessibility. According to ADA standards, the
maximum cross-slope for sidewalks is 2% (1:50), which allows water to drain off the surface
without posing a challenge to wheelchair users (ADA, 2010). The running slope, or the slope
along the direction of travel, should not exceed 5% (1:20) unless the sidewalk is part of a ramp,
in which case additional ramp requirements apply. A well-designed slope facilitates effective
drainage, reducing the likelihood of ice formation in colder climates and minimizing puddles
and slick spots during rain (FHWA, 2010). Furthermore, excessive slopes can make sidewalks
difficult to navigate for individuals with mobility impairments, increasing the risk of accidents
and falls. According to most rules, an 8 percent slope is the most that may be utilized; anything
more than that may pose problems for manual wheelchair users. The majority of guidelines
also agree that a drainage rate of 5% is ideal. For many manual wheelchair users, anything less
than 2.5 percent is difficult (Highways Agency, 2010). The effects of different gradients are as

shown on Table below.



Table 2-3: Effects of gradient on pedestrian

Gradients Effects

1% (1 in 100) Never an obstacle.

2% (1 in 50) Can be managed by most people and also provides good
drainage.

2.5% (1 in 40) Can be managed by many people.

>2.5% Impossible for many manual wheelchair users.

8% (1in 12) Absolute maximum. Not only the physical effort of getting
up a steeper gradient beyond many wheelchair users, but
also there is a risk of the wheelchair toppling over.

Source: Design compliance assessment guide final version, March 2010

Designers must carefully balance slope and cross-slope requirements with the surrounding
topography and urban environment. In hilly areas, it may be necessary to incorporate
switchbacks or zigzag paths to keep slopes within acceptable limits while ensuring accessibility
(Gehl, 2010). Additionally, integrating ramps with appropriate handrails and landings can help
manage elevation changes without exceeding the maximum allowable slopes. Slopes greater
than 5% can cause difficulties for wheelchair users and those with limited mobility, while
cross-slopes exceeding 2% can create a tilting effect that is uncomfortable and potentially
hazardous (Jacobs, 1993).

D. Clear path

A clear path on sidewalks is essential for ensuring the safety, accessibility, and comfort of all
pedestrians. This review examines the significance of maintaining an unobstructed pedestrian
pathway, the standards and guidelines for clear paths, and the challenges and solutions
associated with achieving this goal. The concept of a clear path refers to a continuous,
unobstructed route that allows pedestrians to walk without encountering physical barriers. A
clear path is crucial for the mobility of all users, particularly those with disabilities, the elderly,

and parents with strollers (Southworth, 2005).

Accessibility standards, such as those set by the Americans with Disabilities Act (ADA),
specify the requirements for clear paths on sidewalks. The ADA mandates a minimum clear
width of 0.9 meters (3 feet) for accessible routes, although wider paths are recommended in

areas with high pedestrian traffic (ADA, 2010). Clear paths must be free of obstructions,



including street furniture, utility poles, and overgrown vegetation. Urban environments present
several challenges in maintaining clear paths. Encroachments from businesses, such as
sidewalk cafes, street vendor and displays, can obstruct pedestrian routes. Similarly, poorly
placed street furniture, utility installations, and inadequate maintenance can create barriers.
(FHWA, 2010).

Several strategies can be employed to ensure clear paths on sidewalks. Clearly designate
pedestrian zones and use zoning regulations to control the placement of street furniture and
commercial encroachments. The frontage zone can be used for activities like outdoor dining,
while the pedestrian clear zone remains free of obstacles (ITE, 2010). The other is
implementing regular maintenance schedules to address issues such as overgrown vegetation,
snow removal, and repair of damaged surfaces. Promptly address any encroachments or
obstructions that arise (Southworth, 2005). Increase public awareness about the importance of
keeping sidewalks clear. Enforce regulations to prevent businesses and individuals from
obstructing pedestrian pathways, which may involve fines or other penalties for non-
compliance (Gehl, 2010).

E. Accessibility

Accessibility on sidewalks are crucial for creating inclusive urban spaces that accommodate all
individuals, including those with disabilities, the elderly, and parents with strollers. Key
features include curb ramps with a maximum slope of 1:12 and a minimum width of 0.9 meters,
tactile paving for visually impaired pedestrians, auditory signals and accessible pedestrian
signals (APS) for those with visual and hearing impairments, and smooth, non-slip surfaces
that meet ADA requirements (ADA, 2010). Additionally, sidewalks should have adequate
width and clear paths, with a recommended minimum clear width of 1.2 meters, and proper
lighting to enhance visibility and safety, particularly at night (Gehl, 2010). Clear, accessible

wayfinding and signage, including braille and raised characters, assist with navigation.
F. Street Furniture and Amenities

Street furniture and amenities play a crucial role in enhancing the functionality, comfort, and
aesthetic appeal of urban sidewalks. This review explores the significance of street furniture
and amenities, common types, design considerations, and their impact on pedestrian
experience. Street furniture and amenities contribute to the overall livability and usability of
urban sidewalks. They provide resting places, shelter from the elements, and opportunities for

social interaction, enhancing the pedestrian experience and promoting active street life (Gehl,



2010). Street furniture and amenities are integral components of urban sidewalk design,

enriching the pedestrian experience and contributing to the vitality of public spaces.
G. Landscaping

Landscaping plays a vital role in enhancing the aesthetic appeal, environmental quality, and
usability of urban sidewalks. Landscaping significantly contributes to the overall ambiance and
functionality of urban sidewalks. It provides numerous benefits, including improved air quality,
reduced urban heat island effects, increased biodiversity, and enhanced psychological well-
being for pedestrians (Gehl, 2010). Additionally, well-designed landscaping can create
attractive and inviting public spaces, encouraging more people to walk and engage with their

surroundings.

2.2.6. Sidewalk Accessibility features
Accessibility features on sidewalks are essential for creating inclusive urban environments that
cater to all individuals, including those with disabilities, the elderly, and parents with strollers.
Accessibility features ensure that sidewalks are navigable, safe, and comfortable for everyone.
They enable people with mobility impairments to travel independently and safely, thus
promoting social inclusion and enhancing quality of life (Southworth, 2005). Accessibility
features such as curb ramps, tactile paving, and auditory signals allow individuals with
disabilities to navigate sidewalks and intersections independently. This independence is crucial

for accessing employment, education, healthcare, and social opportunities (ADA, 2010).

1. Curb Ramps

Curb ramps, also known as curb cuts, are sloped transitions between sidewalks and street
crossings that are essential for creating accessible urban environments. Curb ramps are critical
for providing accessibility to sidewalks and pedestrian pathways for individuals with mobility
impairments, including wheelchair users, the elderly, and parents with strollers. They enable
these individuals to navigate transitions between sidewalks and streets safely and
independently, thereby promoting social inclusion and equal access to public spaces (ADA,
2010).

Design Standards for Curb Ramps

The Americans with Disabilities Act (ADA) specifies that the maximum slope for curb ramps
should be 1:12 (8.33%). This standard ensures that ramps are not too steep, making them

manageable for wheelchair users and others with limited mobility (ADA, 2010). Maintain



consistent slopes throughout pedestrian pathways to avoid abrupt changes that can create
hazards. This provides smooth transitions between different slope grades, particularly at the
junctions of sidewalks and curb ramps (ITE, 2010). It also Includes level landing areas at the
top and bottom of slopes and curb ramps to allow users to rest and safely maneuver. A variety

of curb ramp designs contain some or all of the above components.

Landing — The area at the back of the sidewalk, in the middle of the curb ramp. Landings allow
the wheelchair user to move around the intersection corner without using the curb ramp. The

recommended minimum landing width is 1.2 meters and maximum grade is 2 percent.

Approach — The area on each side of the landing, extending from the back to the front of the

sidewalk.

Flare — The transition area between the curb ramp and the approach areas. It is desirable that
the slope on the flare not exceed 8 percent.

Ramp — The sloped transition between the landing and the curb. To meet accessibility
guidelines, the curb ramp grade should not exceed 8 percent. The preferred width of the curb
ramp should be at least 1.2 meters, not including the width of the flairs (Federal of Canadian
Municipality and National Research Council, 2004).

Curb Ramp

Running Slope Cross Slope
59 Min. - 830 Max. 2.0% Max.
7.5% Target Value 1.5% Target Value

Figure 2-1: Curb ramp components

2. Tactile pavement
Tactile paving, also known as detectable warning surfaces, is a vital component of accessible
sidewalk design. These textured ground surfaces provide essential information to visually
impaired pedestrians, helping them navigate public spaces safely. Tactile paving plays a crucial
role in enhancing the independence and safety of visually impaired individuals by providing

sensory cues about their environment. These cues help in identifying key features such as curb
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edges, pedestrian crossings, and hazards, thereby facilitating safer and more confident

navigation through urban areas (Crabb, 2002).

Tactile paving typically features two main patterns: truncated domes for warning of hazards or
street crossings, and directional bars for guiding pedestrians along safe paths. These patterns
provide distinct tactile feedback that can be easily recognized and interpreted by visually
impaired individuals (RNIB, 2011). Tactile paving should have high contrast in color relative
to the surrounding pavement to be visible to partially sighted individuals (FHWA, 2013).
Tactile paving should be installed at key locations such as pedestrian crossings, transit

platforms, and building entrances (TIA, 2005).

Warning Tik Dvactisnal The

Figure 2-2: Warning tile and directional tile of tactile pavement (Source: Global street design Guide, 2016)

3. Auditory signals
Auditory signals, also known as audible pedestrian signals (APS), are an essential component
of accessible urban infrastructure. These devices provide auditory cues to assist visually
impaired pedestrians in navigating street crossings and other public spaces. Auditory signals
play a critical role in enhancing the safety and independence of visually impaired pedestrians.
These signals provide important information about the timing and status of pedestrian
crossings, such as when it is safe to cross the street. By doing so, they help reduce the risk of
accidents and improve the overall walkability of urban environments for individuals with visual

impairments (Bentzen & Barlow, 1995).

2.2.7. Norms and Standards of Addis Ababa
According to the Norms and Standards of the Addis Ababa structure plan from September
2017, pedestrian sidewalks must be provided on both sides of arterial streets and should be
elevated 15-20 centimeters above the carriageway. The pedestrian capacity on a sidewalk
should range from a minimum of 30 to a maximum of 50 persons per minute per meter of

width, after accounting for approximately 0.9 meters of dead width in shopping areas and 0.45
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meters elsewhere. The width of pedestrian sidewalks should be 2.5-4 meters on one side of a
sub-arterial street and 3.5-5 meters alongside a principal arterial. The gradient of continuous
ramps should not exceed 10%, and a minimum height of 2.3 meters should be provided for

pedestrian pathways.

Additionally, the average width of pedestrian sidewalks varies depending on the adjacent land
use according to the Norms and Standards of the Addis Ababa structure plan from 2017. In
industrial areas, the sidewalks are typically 1.8 meters wide to accommodate basic pedestrian
traffic. In shopping frontages, the sidewalks are wider, ranging from 3.7 to 4.5 meters, to
support higher foot traffic and enhance the shopping experience. In business and commercial
areas, the sidewalks are designed to be 3 to 5 meters wide, ensuring ample space for pedestrians
in bustling commercial districts. Along all-purpose roads, the sidewalks are generally 2.7
meters wide, balancing the needs of various types of pedestrian traffic. These dimensions are
designed to ensure safety, accessibility, and comfort for pedestrians in different urban contexts

(Addis Ababa structure plan components, 2017).

Table 2-4: Addis Ababa standard size of sidewalk

No Type of Street Width in meters of sidewalk

1 Principal Arterial 7 m - 10 m both side

2 Sub-arterials 3.4 — 4m both sides

3 Collector Streets Should not be less than 2.00m

4 Local Streets Should be decided based on local condition

Source: (Norms and standards of the Addis Ababa structure plan components, 2017)

2.3. Evaluation of Sidewalk Physical Factors

Introduction

Evaluating the physical factors of sidewalks is crucial for understanding their impact on
pedestrian mobility, safety, and overall urban accessibility. This review examines key physical
factors, their implications for pedestrian use, and the standards and methodologies for assessing

these factors to ensure effective and inclusive sidewalk design.

2.3.1. Sidewalk Physical Challenges
Several studies have focused on identifying and analyzing sidewalk physical challenges in
urban areas. Research by Eunyoung Choi, 2012 found that narrow widths, damaged surfaces,

and obstructions such as parked vehicles and street vendors significantly impact pedestrian



walkability. Furthermore, (Marshall, 2010) noted that uneven surfaces, inadequate lighting,

and lack of accessibility features contribute to decreased walkability and safety.

Evaluating the physical challenges of sidewalks is crucial for understanding their impact on
pedestrian mobility, safety, and overall urban accessibility. Sidewalks that are too narrow
create congestion and limit accessibility, forcing pedestrians to walk on the street, increasing
the risk of accidents (Southworth, 2005). Poor surface conditions, such as cracks, uneven
surfaces, and potholes, create tripping hazards and discomfort, particularly for the elderly and
those with mobility impairments (Gehl, 2010). Obstructions like utility poles, signage, parked
cars, and street furniture further reduce the effective width of sidewalks, complicating
navigation. Inadequate lighting makes sidewalks less safe at night, increasing the risk of
accidents and deterring nighttime walking (FHWA, 2013).

Addressing these physical challenges is essential for enhancing pedestrian mobility, safety, and
accessibility. Strategies include widening sidewalks to accommodate higher pedestrian
volumes, improving surface conditions through regular maintenance, and removing
obstructions by optimizing sidewalk space. Enhancing lighting in high-traffic and high-crime
areas, ensuring proper slope design, and incorporating accessibility features like curb ramps
and tactile paving are also critical (Marshall, 2010).

2.3.2. Effective Walkway Width
The portion of a pedestrian facility's width that is used for pedestrian circulation is called the
effective width. The degree to which single obstructions, such as poles, signs, and hydrants,
influence pedestrian movement and reduce effective walkway width is not extensively
documented. Although a single point of obstruction would not reduce the effective width of an

entire walkway, it would affect its immediate vicinity (Lenters, 2010).

2.3.3. Pedestrian Behavior and Perception
Recent studies have examined the link between perceived walkability and sidewalk quality,
mostly counting on non-quantitative pedestrian facility assessment criteria. Sidewalk width, a
buffer between sidewalk and street, and therefore the presence of amenities are predictors of
pedestrian travel, perceived safety, and quality of the pedestrian environment. Effective
sidewalk width, pavement condition, and material composition were important variables for

sidewalk accessibility supported perceived importance to wheelchair users (Marshall, 2010).

Understanding pedestrian behavior and perception is essential in evaluating the impact of

sidewalk physical challenges. Marshall, 2010 investigated pedestrian behavior in response to



sidewalk physical challenges and found that pedestrians often alter their walking patterns to
avoid obstacles, resulting in longer routes and potential detours. Moreover, (Gehl, 2010)
highlighted the influence of sidewalk conditions on perceived safety and overall satisfaction
with the walking experience, emphasizing the need to address physical challenges for improved

walkability.

2.4. Pedestrian Walkability Index

Introduction

The Pedestrian Walkability Index (PWI) is a comprehensive measure used to evaluate the
walkability of urban environments. Unlike simpler tools, the PWI incorporates multiple factors
influencing pedestrian experiences, including infrastructure quality, safety, connectivity, and
accessibility. This review examines the components, methodologies, significance, and
challenges associated with the Pedestrian Walkability Index, highlighting its role in urban

planning and public health.

2.4.1. Pedestrian Level of Service
One of the major methods for evaluating the challenges and accessibility of pedestrian
sidewalks is the Pedestrian Level of Service (PLOS). The concept of "Level of Service” (LOS)
pertains to an evaluation method that assesses the quality and effectiveness of sidewalks based
on various considerations and quantitative measures. The major factors that are included under
this category are, inadequate width of walkways, poor sidewalk conditions, and encroachments
along the footpaths (Harkey & Zegeer, 2004). Additionally, obstructions on sidewalks, the lack
of crossing facilities, and the parking of vehicles on footpaths further impede pedestrian
movement (Landis, Vattikuti, & Brannick, 2001). Discontinuities along footpaths and the
absence of pedestrian refuge islands also contribute to the challenges pedestrians face,
significantly impacting their overall walkability experience. PLOS qualitatively represents the
status of these factors for a specific time and location. These conditions are categorized using
levels from A to F, where A indicates high levels of comfort and/or available capacity, while
F indicates severe congestion and discomfort on that particular section of the sidewalk (Hediye

Tuydes-Yaman and Pinar Karatas, 2018).

The other evaluation method is HCM, high way capacity manual. This method is used for
analyzing different means of transportation. It is based on the pedestrian traffic flow and the

width of sidewalk space. According to HCM, the speed of pedestrian is inversely proportional



to pedestrian volume and density. As the density and volume increase, the speed of pedestrian’s

decline.

Table 2-5: Models of LOS by different researchers

Authors Indicators LOS Grade
Sarkar (1993) (1) Safety, (2) Security, (3) Convenience and Comfort, (4) | A-F
Continuity, (5) System Coherence, (6) Attractiveness
Khisty (1994) (1) Attractiveness, (2) Comfort, (3) Convenience, (4) Safety, (5) | A-F
Security, (6) System Coherence, (7) System Continuity
Dixon (1996) (1) Provision of Basic Facilities, (2) Path Conflicts, (3) Amenities, | A-F

(4) Motor vehicle LOS, (5) Maintenance Problems, (6) Provision
for multiple modes
Gallin (2001) (1) Path Width, (2) Surface Quality, (3) Obstructions, (4) Crossing | A-F
Opportunities, (5) Support Facilities, (6) Connectivity, (7) Path
Environment, (8) Potential for Vehicle Conflict, (9) Pedestrian
Volume, (10) Mix of Path Users, (11) Personal Security
Nelson & Zaly | (1) Amenities, (2) Maintenance, (3) Pedestrian Paths, (4) Conflicts, | A-F
Shah (2010) (5) Pavement Material, (6) Security Perception, (7) Comfort, (8)
Traffic Volume In The Adjacent Car Lane
Asadi-Shekhari | (1) Slope, (2) Elevator, (3) Curb ramp, (4) Wheelchair accessible | A-F
& Zaly Shah | drinking fountain, (5) Tactile pavement (guiding), (6) Tactile
(2013) pavement (warning), (7) Ramp, (8) Toilet, (9) Grade, (10) Signal

Source: (Safizahanin Mokhtar, Tetsuo Shimizu, Nabila Abdul Ghani, 2015)

The Australian model developed by Gallin was chosen for two primary reasons. First, it
includes a greater number of factors for determining the level of service. Additionally, all the
factors outlined in this model are observable on the pedestrian sidewalks of the selected arterial
streets in Adama. This makes it particularly relevant and applicable to the context of this study.

2.4.2. Factors affecting level of service
According to Gallin, 2001 the level of service on pedestrian sidewalks is determined by three
major categories of factors: physical factors, location factors, and user factors. Physical factors
include elements such as the width and surface condition of the sidewalks. Location factors
consider the surrounding environment, including the presence of nearby commercial areas or
traffic conditions. User factors involve the characteristics and behaviors of the pedestrians
themselves, such as pedestrian density and walking speed. Together, these categories



encompass a total of eleven specific elements that need to be studied to comprehensively

evaluate the pedestrian level of service.
Design factors (Physical characteristics)

The factors include measurements of the path width available for pedestrians and the surface
quality of the path, where excellent quality is defined by a continuous, smooth, but skid-
resistant surface. Obstructions are measured by the number of distracting obstructions per
kilometer on the path being assessed. This is crucial for determining whether sidewalks are
accessible for people with disabilities. Obstructions can be permanent (e.g., poles, signs, chairs)
or temporary (e.g., bins, parked cars). Stairs are considered obstructions if no alternative route

is available for people with mobility disabilities.

Additionally, crossing opportunities are evaluated by the type and number of facilities provided
to assist pedestrians in safely crossing roads and paths. This includes median refuges, pelican
crossings, guarded crossings, crosswalks, underpasses, and overpasses, with ‘delay in crossing'
being a characteristic of this factor. Support facilities refer to the presence of amenities that
assist pedestrians during their journey, such as tactile paving, color contrast curbing, rest stops,
curb ramps, lane markings, signage, and landings on long ramps (Gallin, 2001).

Location factors

Connectivity is one of the major sub-factors under this category, assessing the extent to which
sidewalks provide connections and links to critical points of departure and arrival. The second
sub-factor is Path Environment, which measures the quality of the path environment as
influenced by its surroundings. The degree of ‘pleasantness’ often correlates with the distance

from the roadway.

The third sub-factor, Potential for Vehicle Conflict, involves counting points where conflicts
between vehicles and sidewalks can occur, such as driveways and intersections. This is
measured over every kilometer. The potential for pedestrian conflict increases with the

frequency of intersections and driveways (Gallin, 2001).
User factors

This factor includes three sub-factors. The first is Pedestrian Volume, which involves counting
or estimating the number of pedestrians using the path, expressed as an average daily count.
The second sub-factor is the Mix of Path Users, which estimates the various groups using the



path as a percentage of the total pedestrian count. These groups include pedestrians, cyclists,
roller-skaters, and more. When assessing this factor, it's important to consider different types
of pedestrians, including recreational users and those with a purpose, such as people walking

to work or shops.

The last sub-factor is Personal Security, which qualitatively measures how safe the path feels
for users. This includes considerations such as the provision of sufficient lighting, visual
permeability from the surrounding environment, and sight distance. Ensuring these elements

can significantly enhance the safety and comfort of the sidewalk for all users (Gallin, 2001).

Table 2-6: Australian method PLOS grading scale

NO | Grade Scale | Description Conditions
1 A Factors affecting the pedestrian sidewalk are minimized. | Ideal
This grade level is considered as an ideal condition for
pedestrian environment.
2 B This level of grade is considered as standard, in which | Standard
reasonable pedestrian conditions are present with few
number of factors pose impacts affecting the safety and
comfort.
3 C This grade level shows basic pedestrian sidewalk | Basic
environment exists making the sidewalk environment with
significant amount of factors creating negative impact on
pedestrian safety and comfort.
4 D This grade level shows poor pedestrian conditions exist | Poor
with high amount of factors which negatively affects
pedestrian safety and comfort. The accessibility of
sidewalks and safety of pedestrian’s are highly
compromised.
5 E This grade level shows that all the level of service factors | Unsuitable
are below acceptable standards making the sidewalk

environment unsuitable

Source: (Gallin, 2001)

The following three tables are assessment sheets for the Australian Model used to determine
the Level of Service (LOS) for pedestrians according to the Australian method. The Australian

model comprises three assessment sheets, each containing various factors under the main



categorical factors. These factors are labeled with their respective weights and point values

based on sidewalk conditions.

Table 2-7: Physical/ design factor grading

Category | Factor Weight | Point 0
Design Path width 4 No
factors pedestrian
path
Surface 5 Uncovered
quality and/ or a lot
of cracks
Obstructions | 3 more than
21
obstructions
per km
Crossing 4 none
opportunities provided,
difficult to
Ccross

Support 2 non existent

Facilities

Source: (Gallin, 2001)

Point 1
0-Im

poor quality

between 11
and 20
obstructions
per km
some
provided
but poorly

located

few
provided
and poorly

located

Point 2
1.1-1.5m

moderate
quality, i.e.
some
cracks/

bumps etc

between 5
and 10
obstructions
per km
Some are
reasonably
provided

and located
but  more

are required

few
provided
and
reasonably

well located

Point 3
1.6 -2.0m

reasonable
quality, i.e.
acceptable

standard

between 1
and 4
obstructions
per km
Sufficient
crossing
facilities are
reasonably

provided and

located OR
none are
rendered
considering
them
unnecessary
several

provided and

well located
OR  absent
but
unnecessary

Point 4

more than 2m

wide

Excellent
quality
(continuous
surface with
very few
cracks etc.

No

obstructions

pedestrian
crossing
facilities are
given at
sufficient

frequency

many
provided and

well located



Table 2-8:

Category
Location
on

factors

Location factor grading

Factor

Connectivity

Path

Environment

Potential for
Vehicle
Conflict

Weight
4

3

Source: (Gallin, 2001)

Table 2-9: User factor grading

Category

User

Factors

Factor Weight
Pedestrian 3
Volume
Mix of Path | 4
Users
Personal 4
Security

Source: (Gallin, 2001)

Point 0
None

existent

unpleasant
environment,
close to
vehicular

traffic

unpleasant

environment,

close to
vehicular
traffic
Point 0
More than
350 per day
majority of
path  users
are non-

pedestrians

unsafe

Point 1

Poor

poor
environment,
may be
within 1m of

curb

poor

situation

Point 1
226 to 350
per day

approx. 51%

to 70% of
path  users
are non-

pedestrians

Poor

Point 2

Reasonable

acceptable

environment,
between 1
and 2m of

curb

10 to 15
potential
vehicle
conflict
points  per
km is

moderate

Point 2
151 to 225
per day

between
21%
50%

pedestrian

and

non-

path users

Reasonable

Point 3
Good

reasonable

environment,
between 2
and 3m from

curb

1 to 10 or
less conflict
points  per
km is

reasonable

Point 3
81 to 150
per day

less than
20%

pedestrians

non-

Good

Point 4

Excellent

pleasant
environment,

pedestrians

more  than
3m from
curb
pleasant

environment,

pedestrians

more  than
3m from
curb

Point 4
Less than
80 per day

pedestrians

only

excellent
security

provided

The Pedestrian Level of Service is a valuable tool for assessing and enhancing sidewalk

physical challenges and the quality of pedestrian environments. By considering factors such as

sidewalk quality, width, safety, connectivity, and pedestrian density, PLOS provides a



comprehensive measure of pedestrian-friendliness. Despite challenges related to data accuracy,
context sensitivity, and resource requirements, PLOS remains essential for urban planning and
sustainable development. Continuous refinement and application of PLOS can lead to more

inclusive, healthy, and vibrant pedestrian Environment.

2.5. Empirical Literature Review
Pedestrian-friendly and walkable sidewalks are crucial for enhancing urban mobility, safety,
and the overall quality of life. This literature review examines one empirical studies that
evaluate the characteristics, benefits, and challenges of pedestrian-friendly and walkable

sidewalks, emphasizing their importance in urban planning and design.

Walkable Sidewalks in Copenhagen, Denmark

Jensen and Nielsen (2008) conducted a comprehensive study to evaluate the walkability of
sidewalks in Copenhagen, Denmark. Utilizing a mixed-method approach, the researchers
carried out field surveys to assess sidewalk conditions, including width and surface quality,

and conducted pedestrian counts and behavioral observations to gauge usage patterns.

The study found that well-designed and maintained sidewalks, free of obstructions, with green
spaces, street furniture, and adequate lighting, significantly enhanced walkability. Safety
features such as pedestrian signals, curb ramps, and tactile paving were crucial, particularly for
vulnerable groups. Sidewalks integrated with public transport facilities saw increased usage,
highlighting the importance of connectivity. Overall, high levels of pedestrian satisfaction were

reported in areas with comprehensive sidewalk infrastructure.

2.6. Gaps of literature review
In the literature review, a substantial number of papers were examined, focusing on pedestrian
comfort, accessibility, and safety. These studies highlighted various physical challenges of
sidewalks, identifying them within their specific contexts. However, there is a notable scarcity
of comparative studies between Adama City and other cities in Ethiopia with similar contexts.
Furthermore, the impact of cultural and social dynamics on sidewalk physical challenges within
the local context of Adama City remains underexplored. By addressing these gaps, these
research can provide a significant contribution to the understanding and improvement of

pedestrian walkability in Adama City.



CHAPTER THREE

3. METHODS AND MATERIAL

This chapter provides a comprehensive outline of the study area, specifying the types of
information required and the sampling techniques employed. It details the methods and tools
used for data collection, ensuring a systematic approach to gathering relevant data.
Additionally, the chapter describes the analytical techniques employed to interpret the collected
data, addressing the research questions and achieving the study's objectives.

3.1. Description of the study area.
The study area was located in Adama city, in the East Shewa zone of Oromia regional state.
Adama is located in the central part of Ethiopia, 99km south-east of the capital, Addis Ababa.
The absolute geographic location of Adama city is 8.5263° North latitude 39.2583° East
longitudes with elevation of 1712 meter above sea level. The study was mainly conducted on
the sidewalk along the arterial street of Adama.

LOCATION MAP
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Figure 3-1: Location Map of Adama city (Source: Prepared by Author)
3.1.1. Site selection criteria
Various streets with different conditions were selected to test the developed method. This was
crucial as it is important to select communities in a manner that properly represents different
types of communities in the city. For this reason, the method was tested using data from

different streets in Adama city.
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The researcher divides the city into five zones based on the concentric zone model. However,
based on his sample survey, sidewalk characteristics within zone 3, 4, and 5 were relatively
close to one another. According to this, the pedestrian sidewalks were classified into three basic
zones. The three zones were: commercial business district (CBD), transition zone, and
residential zone (intermediate worker zone, better residence zone, and commuter zone), in

which these three had different characteristics.

PEDESTRIAN CHARACTER ZONES AT CITY LEVEL
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Figure 3-2: Adama city pedestrian character zones (source: Prepared by Author)
From the above three zones, four sidewalk segments were selected within the city in order to
address all types of pedestrian sidewalk characteristics. The selection is done by setting site

selection criteria.
Site selection criteria

The specific sidewalk segment on which the study conducted was selected based on the

following criteria:

Centrality of the street segment to the CBD
Damaged Sidewalk physical condition that makes walking vulnerable.
Centrality to active pedestrian movement

Existence of basic social service nearly.

YV V V VYV V

Pedestrian density and flow rate
» Poor quality of sidewalk
Based on the above criteria, four pedestrian sidewalk segments were selected from the three

zones. According to the sample survey taken, more than 50% of pedestrian flow density and
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poor quality of sidewalk were indicators for commercial business districts. So, two sidewalk
segments from the CBD, one from the transit zone and one from the residential zone, were

selected. The selected segments are shown on the Figure 3.1-3.

Figure 3-3: Location of Selected Street Segments (Source: Google Earth (edited by the author)

3.2.  Background about the Study site
The four selected street segments, each recognized by their local names, are Franko, Postabet-
Mebrat Hayil, 04 kebele — Mariam church, and Bole Street. Franko and Mebrat Hayil streets
are known for their bustling commercial activities, attracting both pedestrians and vendors.
Bole Street is characterized by its residential neighborhoods, offering a different pedestrian
flow dynamic. Lastly, 04 kebele — Mariam church Street is a key arterial road, renowned for
its mix of activity and social service accumulation such as Hospital, colleges and religious
institutions contributing to high pedestrian traffic. These streets were chosen to provide a

diverse representation of pedestrian experiences in different urban contexts.

The sidewalk paths constructed and renewed in this segments nowadays are not even
sustainable and walkable. The sidewalks are exposed for a number of issues with poor sidewalk
physical character. Some of those character are; Vendors occupied the path space, narrow
width, improper placement of utility, uneven level change, stalls encroach walkways,
construction material damped along walkway, maintenance of sidewalk, bad odour and germs
from dusts on footpath, Discontinuation of the walkway creates problems to the disabled

[ L



persons for walking conveniently, lack of street amenities and furniture, Illegal vehicle parking

on footpath and Poor pavement design and construction materials.

3.3. Research Design
Research design is a comprehensive plan outlining how to conduct a research study, detailing
the methods and procedures used to collect, analyze, and interpret data. It serves as a blueprint
for the study, ensuring that the research is systematically and logically organized to answer the
research questions effectively. In other words, the research design sets the procedure for the
specified data, the methods to be applied to gather and analyze this data, and the way all of this
is often visiting to answer the research question (Wilkerson, 2014). A descriptive research

design was employed for the study to research the situations thoroughly.

METHODS
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Primary data Secondary data
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Figure 3-4: Research Design Diagram (source: Author, 2024)
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3.4. Research Approach
The study applies a general deductive research approach to the study. During this approach,
the study generates general information on specific information that enables them to gather
both qualitative and quantitative data. A qualitative approach is vital for gathering respondents’
attitudes and experiences regarding pedestrian facilities and related issues. Quantitative
approaches, on the opposite hand, are important for obtaining numerical data through
questionnaires, so the study can collect statistics in large-scale surveys. A mixed-methods is
utilized, integrating quantitative data to capture measurable aspects of sidewalk conditions and
pedestrian traffic, alongside qualitative data to understand the experiences and perceptions of

pedestrians

3.5. Type and source of data
There are two main types of data sources will be involved in the process of study. Those data
sources are namely primary data and secondary data. Primary data sources were questioners,
visual survey and interview. While secondary data sources were mainly data from institutions
and different studies, articles, LDPs and different books. The data’s were collected through

interview, observation and surveys.

3.6. Research methods
To achieve the objectives of this research, both quantitative and qualitative approaches were
employed. The qualitative approach was used to explore the current quality and condition of
available pedestrian facilities. This involved assessing the usability and effectiveness of these
facilities through direct observation and field surveys. The quantitative approach was employed

to measure the extent to which these existing facilities meet pedestrian demand.

Primary data sources were utilized for data collection in this study. The conditions of existing
pedestrian facilities were observed and evaluated through field surveys, which involved
measuring their extent of service and counting peak pedestrian volumes in the study area. This
quantitative data provided insights into how well the facilities accommodated pedestrian
traffic. The study focused on the selected Arterial street segment of Adama, selected due to its
high concentration of business and service activities, which attract a significant flow of
pedestrians. This area of interest was chosen to ensure that the findings would reflect the
demands and challenges faced by pedestrians in a bustling urban environment. By integrating
both qualitative and quantitative data, the research aimed to provide a comprehensive analysis

of pedestrian facility conditions and their ability to meet the needs of users.



3.6.1. Method and Material used for first objective
3.6.1.1. Method used

A. Site survey and Observation

For the first objective, a comprehensive site survey and observation method was implemented.
Primary data collection methods included site survey analysis, direct site observation,
photography, and checklist observation. The initial data collection approach involved direct
and controlled observation, taking site photos, and filling out prepared checklists to assess the

physical qualities and characteristics of the sidewalks along selected street segments in Adama.

The checklists were precisely designed to cover a range of sidewalk elements, including
sidewalk width, crossing facilities, pavement material quality, accessibility, obstructions,
encroachments, sidewalk greenery, sitting areas, buffer zones, and all existing street amenities.
These elements provided a detailed framework for documenting the current physical condition

of the streets.

Table 3-1: List of sidewalk indicators.

Sidewalk Indicator Description

Obstructions are defined as any permanent objects that obstruct the pedestrian
path and reduce the width of the sidewalk below the allowed minimum.
Sidewalk obstructions are usually caused by utility poles, tree trunks, signposts,
fire hydrant, etc., which obstruct pedestrians on the sidewalk.

Obstructions

The continuity of the sidewalk is important for pedestrians, especially disabled
or elderly pedestrians. Continuous sidewalks are those sidewalks that do not
have any up and downs. The continuous ups and downs make the sidewalk
uncomfortable to use by pedestrians.

Continuity

The sidewalk physical condition affects the walking environment of pedestrians.
This condition determines how difficult an area is to negotiate. A sidewalk
surface should be firm, stable, slip-resistant, and free from cracks, bumps, and
vertical faults for comfortable walking.

Physical Condition

Encroachments are any temporary objects caused by commercial or any other
activities that obstruct the sidewalk and reduce its width below the allowed
minimum. Encroachments can be a garbage bin, plants, bushes, hoardings,
cones, advertising signs, restaurant tables, vehicles parked on the street, etc.

Encroachments

The walking environment should be a pleasant experience. The environment is
Cleanliness governed by the surroundings of the facility. The sidewalk should be clean and
free of litter, broken glass, etc.

sl A steep slope of a sidewalk can make pedestrians in wheelchairs or any other
ope mobility devices uncomfortable.

The presence of trees along the sidewalk increases the comfort level of
Shade Trees pedestrians, especially during hot weather. Shade trees can keep pedestrians
cool, protect them from the sun, and add a nice aesthetic element.

A buffer zone between the street and pedestrians greatly increases the comfort

Buffer Zone and safety of pedestrians and reduces the chance of a crash.

Source: Assessing Sidewalk and Corridor Walkability in Developing Countries (Shaaban k. , 2019)

37



By employing these methods, the research aimed to gain a thorough understanding of the
existing physical conditions of pedestrian facilities. The use of photography and checklists
allowed for accurate and detailed documentation of the sidewalks’ features, facilitating a

comprehensive analysis of their quality and functionality

Table 3-2: Levels of sidewalk indicator

Indicator * Level
Obstructions (1) >5 obstructions  (2) 54 obstructions  (3) 3-2 obstructions  (4) 1-0 obstruction
Continuity (1) No sidewalk ) MISSlng some (3) MlSSlng few (4) Continuous
along the segment sections sections
. L (1) Many (2) Some (3) Few (4) No
Physical Condition cracks/breaks cracks/breaks cracks/breaks cracks/breaks
(1) Many (2) Some (3) No
Encroachments encroachments encroachments encroachments
Cleanliness () Large amount ) ¢ 1 Jitter (3) Small amount of 1y nro jigger
of litter litter
Width (1) <5 ft (2) 5-10 ft (3) =10 ft
(1) Cannot be used  (2) Steep/ (3) Few steep
Slope by a wheelchair uncomfortable sections (4) Comfortable
Shade Trees (1) No trees (2) Some trees (3) Many trees
Buffer Zone (1) <31t (2) 36 ft (3) >6 ft

Source: Assessing Sidewalk and Corridor Walkability in Developing Countries (Shaaban k., 2019)
B. Pedestrian level of service

For this research, the Highway Capacity Manual (HCM) was utilized to determine the level of
service (LOS) for the sidewalks. The HCM method was chosen primarily for its efficiency and
reliability in assessing the current status of sidewalk infrastructure. One of the key reasons for
selecting this method is that it requires less time to collect and analyze data compared to other

methods, making it highly practical for this study.

The HCM provides a systematic approach to evaluating the spatial characteristics of sidewalks,
which includes measurements of sidewalk width, surface quality, and the presence of
obstructions. By using the HCM, the study was able to assess the capacity and performance of
sidewalks in accommodating pedestrian traffic. This method allowed for a detailed
examination of how the physical attributes of sidewalks impact user experience, safety, and

comfort.
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Pedestrian Cordon Count

For this research, cordon counts, or manual field count techniques, were employed to obtain
pedestrian numbers. This method involved observing pedestrian characteristics such as flow
and speed at six selected survey sites. Pedestrian counts were conducted within these sites
based on pedestrian activity along the streets, covering an area of 2 km within a 250-350-meter

range.

The pedestrian counts were performed over a period of two consecutive weeks, from April 1,
2023, to April 14, 2023, encompassing both weekdays and weekends. This approach was
chosen to capture variations in pedestrian volume and identify peak and low traffic days.
Counts were conducted twice daily, from 7:30 am to 9:00 am in the morning and from 4:30 pm
to 6:00 pm in the afternoon, ensuring comprehensive data collection during typical high-traffic
periods. To avoid distortions caused by adverse weather conditions, the counts were made on

“typical” days with favourable weather.

The data collection focused on six selected sites across four street segments: Mebrathayjil,
Franko, Hailemariam, and Bole. By conducting the counts over multiple days and time periods,
the research aimed to provide a robust analysis of pedestrian flow, speed, and density in these
areas. This detailed observation allowed for an in-depth understanding of pedestrian movement
patterns and the capacity of sidewalks to handle varying levels of pedestrian traffic. The
fundamental relationships between flow, speed, and density of pedestrians were investigated
and analyzed, providing critical insights into the functionality and efficiency of the pedestrian

infrastructure in the selected street segments.
Manual pedestrian walking speed calculation

Calculating manual pedestrian walking speed involves collecting data on how long it takes for

pedestrians to travel a known distance. Here’s the steps used to perform this calculation.

1. Select a Measurement Area: Choose a straight segment of the sidewalk with a known
distance, ideally between 10 and 50 meters. Ensure the segment is free from significant
obstacles and representative of typical pedestrian flow.

2. Prepare the Measurement Tools: Use a measuring tape to measure and mark the start
and end points of the segment. Have a stopwatch ready for timing pedestrians as they

walk through the segment.



3. Data Collection: Position yourself at the start point and, if possible, have a colleague
stationed at the end point. As a pedestrian crosses the start point, start the stopwatch.
Stop the stopwatch when the pedestrian crosses the end point. Record the time taken
for each pedestrian to travel the distance.

4. Calculate Walking Speed: Use the formula Walking Speed = Distance/ Time and

Convert the speed to the desired units, typically meters per second (m/s),.

The researcher used a minimum distance of 10 meters for measurements, as it was observed
that several pedestrians were scattered and not following the same lane. This distance was
marked using tape at the location. When a pedestrian crossed the starting point, the stopwatch
was started, and the time was recorded when they reached the second point. The time required
for the pedestrian to travel the 10-meter distance was noted in seconds. The pedestrian walking

speed was then calculated by dividing the distance by the time taken.

In the study area, the walking speeds of over 20 pedestrians were measured to determine an
average walking speed for all age groups. This manual measurement provided a reliable
average walking speed. By knowing the pedestrian volume and calculating the walking speed,
the Level of Service (LOS) for pedestrians was determined using the specifications provided
in the Highway Capacity Manual (HCM).

Steps used to calculate Pedestrian level of service

The first step in calculating the Pedestrian Level of Service (PLOS) is measuring the width of
the sidewalks in the selected survey areas. The total width of each sidewalk was recorded, and
the effective width was determined by subtracting the space occupied by various obstacles,
such as poles, benches, and signs. This process ensured that only the usable space available to
pedestrians was considered.

Next, the pedestrian flow in the selected sites was observed and recorded using a digital hand
tally counter. This step involved counting the number of pedestrians passing through a specific
point over a set period. The maximum flow rate was then calculated based on these

observations and the effective width of the sidewalk.

Finally, the PLOS was determined by analyzing the pedestrian flow rate relative to the effective
sidewalk width. This analysis involved comparing the calculated flow rate with established
criteria for pedestrian level of service, which categorizes the quality of pedestrian conditions

from A (excellent) to F (failing). By following these steps, the study provided a clear



assessment of the pedestrian infrastructure's capacity to accommodate current pedestrian

volumes effectively.

Table 3-3: Pedestrian level of service Criteria

LOS Space (m2/ped)  Flow Rate (ped/min/m)  Average Speed (m/s)  vi/c ratio (v/c)
A >5.6 <16 >1.3 0.21
B 3.7-5.6 16-23 1.27-1.30 0.21-0.3
C 2.2-3.7 23-33 1.22-1.27 0.31-0.44
D 1.4-2.2 33-49 1.14-1.22 0.44-0.65
E 0.75-1.4 49-75 0.75-1.14 0.65-1.0
F <0.75 var. <0.75 var.

Source: HCM, 2000

The followings are formulas used to calculate the pedestrian level of service (PLOS)

We = Wt - SAD (approximate obstructed width) ........................... Equation 1
PF =No pedestrian/ min..........cccoiiiiiiiiiiiiieiieeie i, Equation 2
PFR =Ped flow/We. ..o Equation 3
Where; -
We = Effective width of walkway PF = Pedestrian Flow (per/min)
W1 = total width of walkway PFR = Pedestrian Flow Rate (ped/m/min)

SAD = shy away from distance (approximate obstructed width)

3.6.1.2. Material Used
During the site observation period, the study used a Kodak PIXPRO digital camera to capture
images of sidewalk segments, while a Field notebook was used for manual documentation of
observed features. A checklist was prepared to facilitate controlled observation. For tasks such
as assessing pedestrian level of services and measuring sidewalk width, a handheld portable
swing measuring tape with a 30-meter length was employed. This combination of tools enabled
the study to effectively capture and document pertinent information for analysis and evaluation
of the study area's sidewalks. For pedestrian counts, Digital Standard hand tally recorders from
the Google Play Store were used to accurately tally passing pedestrians, recording totals for
15-minute intervals. Custom counting books documented pedestrian numbers over three days.



Secondary data, including Adama city's structural map, provided insights into street activities.

Arch GIS and AutoCAD delineated the study area, aiding spatial data analysis.

Additionally, Adobe Illustrator (Al) and Photoshop (PS) were used to create illustrative visuals,
enhancing the presentation of site observations and improving data clarity. By integrating
primary and secondary data sources with appropriate software tools, the study aimed to
comprehensively understand pedestrian dynamics and urban characteristics within the research

area.

3.6.2. Method and Material used for second and third objectives

3.6.2.1. Method Used
To achieve the study's second and third objectives, various data collection techniques were
employed, including questionnaires and interviews. Data was collected from pedestrians using
the selected streets through these methods. A total of 384 questionnaires were printed and
distributed by data collectors to respondents. Pedestrians were chosen as respondents due to
their direct, daily interaction with the sidewalks and their exposure to issues caused by the
unconventional streets and sidewalks in the city. The questionnaires aimed to gain a better
understanding of the current problems pedestrians face and their future desires for the selected

street segments of Adama city.

Semi-structured interviews were employed in this study to facilitate direct interaction with
professionals regarding the street conditions. Five professionals were interviewed to
understand their perceptions of the existing sidewalks. The process of recording, transcribing,
and analysing interview data, along with encoding questionnaire responses using SPSS V22,
was carried out between February 3 and March 12, 2023. Responses were collected from
various sidewalk users, vehicular drivers, and professionals. Additionally, data was gathered
from published and conventional sources, including journals, articles, and reports, which

helped contextualize and discuss the findings from the questionnaires and interviews.

3.6.2.2.  Material Used
To achieve the second and third objectives of the study, printed questionnaires served as the
primary data collection material. These questionnaires were comprehensive, consisting of five
sections that included a mix of open-ended and close-ended questions. The questionnaire
spanned two double-sided pages and was designed to be completed within 5 to 10 minutes. In
addition to the printed questionnaires, several tools were utilized during the interviews. These

included cell phones for immediate access to information, audio recorders for capturing



detailed responses, and notebooks for jotting down observations and important points during
the interviews. The collected audio recordings were later transcribed into text for detailed

analysis.

After gathering the completed questionnaires, the valid responses were analyzed using SPSS
software and Microsoft Excel. These tools facilitated thorough statistical analysis and data

visualization, helping to interpret the responses accurately and draw meaningful conclusions.

3.6. Sampling
3.6.1. Sampling techniques

The main purpose of the research is addressing unseen obstacles and challenges facing
pedestrians and (children, disabled and elders) in particular on the sidewalk and providing
effective technical and design recommendation that ensure comfortable, convenient, inclusive
and walkable pedestrian environment. To undertake this study appropriate sampling technique
was used to improve accuracy of research findings. In order to do that probability and non-
probability sampling of which systematic random sampling from probability and judgemental
sampling from non-probability sampling could be used.

Mainly the study is highly linked to all pedestrians. For professional and experts sampling
techniques used was judgemental sampling techniques deployed and systematic random
sampling for data collected by questionnaires.

3.6.2. Sample size
Cochran's formula (1963) was utilized to determine the sample size for this study due to the
unknown population size for pedestrian surveys. This statistical formula is particularly
effective in cases where the population variance is high or the population size is not well-
defined. It allows for the calculation of an appropriate sample size needed to achieve a desired
level of precision and confidence in the results. By employing Cochran's formula, the study
ensured that the sample size was sufficiently large to provide reliable and valid data. This
approach takes into account the potential variability within the population and helps to

minimize sampling errors, thereby enhancing the overall accuracy of the survey findings.



Necessary sample size

Where;

n = sample size

z?%pq

n= o2

Z = confidence level at 95% (standard value is 1.96)

P = the estimated proportion of an attribute that is presented in a population with 50%

q=1-p

e = designed level of precision with + 5%

This study used a 95 % of confidence level, the value of standard deviation is p = 5 and margin

of error is +/- 5 % and the z score for a 95 % confidence level is will be 1.96.

n= (1.96)2x 0.5 (1- 0.5) / (0.05) = 9604/0.0025 = 384.16

For Random sampling technique 384 sample size determined depending on the above

calculation. The sample from the four street segments were collected by cotta sampling

techniques for the four street segments based sample pedestrian count for feefteen at the

afternoon were pedestrian density on the sidewalk is high. Based on that pedestrian survey the

cotta for each street segment is shown on table 3-4.

Table 3-4: selected number of respondent by cotta sampling from the four street segments

Average 3 day pedestrian count for 15

Respondent cotta based on

ped. Count result

Segment name min.
(number of respondent)
Time Number of | Percentage %
ped.
Franko segment Count on 639 42.9% 164
Postabet — Mebrathayil | Monday, 467 31.4% 120
segment Tuesday and
04 — Mariam church Wednesday 247 16.6% 64
At
segment
11:00 -11:15

Bole segment 136 9.1% 36

Total 1489 100% 384

Source: Author designed



3.7. Data analysis techniques

3.7.1. Quantitative data analysis
Before analysing collected questioner data, a reliability test is made to check the consistency
of the data. The result showed 0.78 which placed good reliability result this shows the collected
data were consistent. After checking the consistency questionnaires, the data were analysed by
descriptive Data Analysis method to understand the perception of users on existing sidewalk
and those analysed data have been evaluated and interpreted in numbers and percentages in
tabular and graph forms. To analyse the sidewalk assessment data, descriptive statistics, such
as means, medians, and standard deviations, were calculated to summarize key variables like
sidewalk width and surface quality. Additionally, spatial analysis techniques, such as GIS
mapping, were employed to visualize the distribution of physical challenges along arterial

streets.

For the pedestrian survey data, frequency analysis was performed to summarize responses to
closed-ended questions. Measures such as means, medians, and percentages were calculated to
quantify pedestrian perceptions, satisfaction levels, and walking patterns. Statistical tests, like
chi-square tests and correlation analysis, were used to explore relationships between variables,
such as sidewalk conditions and pedestrian satisfaction. Furthermore, inferential statistical
techniques, such as regression analysis, were applied to identify factors that significantly

influence pedestrian perceptions or behaviours.

3.7.2. Qualitative data analysis
The processes of analysis are followed after site observation and interviews data were gathered
carefully in forms of Audio, photography, observation notes and filled checklists. Transcribed
and organized field observation notes and recordings were systematically analysed using
thematic coding techniques to identify common themes or patterns related to pedestrian
behaviours, adaptations, and interactions with sidewalk physical challenges. Similar codes
were grouped into categories or themes to provide a structured analysis. Those data were
analysed in Narrative analysis method by explaining the specific incidence of the street and
sidewalk characters. The existing physical character and function of the streetscape narrated in
this analysis and the result of the analysis was appraised by discussion and narration by images,

tables, and maps.

Thematic coding was also applied to the open-ended survey responses to identify recurring

themes, opinions, and experiences expressed by pedestrians. Content analysis techniques were



used to gain deeper insights into pedestrian perspectives and experiences. Meaningful quotes
or narratives were extracted to support the research findings and enhance the qualitative

analysis.

Different data analysis tools will be used to analyse the data’s collected in this study. The main
tool that will used in the analysing process is were SPSS, Microsoft Excel, GIS, AutoCAD,
and also many visual editing tools or software’s will be used in the project so as to help us

illustrate and interpreted as well as present the study in general.

3.8. Ethical consideration
Before starting data collection, a permission letter was presented to all participants. Informed
consent was obtained by clearly explaining the research purpose and procedures, while
respecting participants' right to withdraw at any time. Participant identities and confidential
information were protected through anonymization and secure data storage. Participants were
treated with respect, ensuring non-discrimination and maintaining their safety throughout the
study. These ethical measures were implemented to safeguard participant rights and uphold the

integrity of the research.



CHAPTER FOUR

4. RESULT AND DISCUSSION

This chapter involves descriptive and statistical analyses of data gathered from respondents,
alongside discussions on the pedestrian level of service grading for each selected street
segment. Collected data primarily address the physical challenges of pedestrian sidewalk and
their impacts. The measurement of a safer pedestrian environment relies on sidewalk
characteristics and the quality of pedestrian facilities, with methods aiming to measure
pedestrian comfort levels when encountering these features. This chapter explores into the
current state and conditions of sidewalks, addressing issues that impact walkability, and

conducting a walkability analysis, focusing on selected sidewalk segments within Adama city.

4.1. Respondent pedestrian characteristics

4.1.1. Gender Distribution of the respondents
According to the surveyed data in the table, out of the total 371 respondents, approximately
half were male, making up 50.7% of the respondents. The remaining 49.3% of the respondents
were female. This gender distribution is almost even, with males having a slightly higher

representation than females among the respondents.

Table 4-1: Gender distribution of respondents

Gender

Frequency Percent ~ Valid Percent

Valid Male 188 50.7 50.7
Female 183 49.3 49.3
Total 371 100.0 100.0

Source: survey result, 2024
4.1.2. Age Distribution

The study aimed to establish the age distribution of the respondents, recognizing that
individuals from different age groups may have varying opinions on various issues. The results

of this analysis are presented in Table 4.2.

The majority of the data were collected from respondents in the age groups 15-35 and 36-64,
which comprised 38% and 30.5% of the total sample 371, respectively. Additionally, children
aged 12-15 and elderly individuals over 65 years old were also represented in the study,

accounting for 15.9% and 15.6% of the respondents, respectively.



These findings indicate that the sidewalks are used by a diverse range of age groups, including
children, young adults, middle-aged adults, and seniors. This diversity underscores the
importance of designing sidewalks that accommodate the varying needs of all age groups to

ensure accessibility and usability for everyone.

Table 4-2: Age Distribution

Age
Frequency Percent ~ Valid Percent
Valid  Less than 15 59 15.9 15.9
15-35 141 38.0 38.0
36-65 113 30.5 30.5
Greater than 65 58 15.6 15.6
Total 371 100.0 100.0

Source: survey result, 2024
4.1.3. Occupation Status of respondent

Among the total respondents, self-employed individuals made up approximately 28.6% of the
sample, while students constituted about 27.8%. Civil servants accounted for around 17% of
the respondents, and job seekers represented about 16.4%. The smallest occupational group
was NGO workers, who comprised only 5.4% of the total respondents.

This demographic breakdown indicates that the respondents were predominantly members of
the working class who are active and likely to have substantial experience with sidewalk
conditions. Their diverse occupational backgrounds provide a comprehensive perspective on
the usability and challenges of sidewalks, as they frequently navigate these spaces in their daily

activities.

Table 4-3: Occupation Distribution of Respondent

Occupation
Frequency Percent Valid Percent
Valid  Student 103 27.8 27.8
Self employed 106 28.6 28.6
Civil servant 63 17.0 17.0
NGO 18 4.9 49
Job seeker 61 16.4 16.4
Other 20 5.4 5.4
Total 371 100.0 100.0

Source: survey result, 2024



4.1.4. Respondent Purpose on the trip
The survey data of pedestrians on the sidewalks on selected street segments of Adama City
reveals that the primary purposes for trips are going to work (28.6%), going to school (25.3%),
and shopping (23.2%). These three categories collectively represent over three-quarters
(77.1%) of all pedestrian activity. Health-related trips make up 9.4%, social visits 5.1%,

entertainment 4.6%, and other purposes 3.8%.

Table 4-4: Respondent Purpose of trip

Purpose of the trip

Frequency Percent Valid Percent
Valid Going to work 106 28.6 28.6
For shopping 86 23.2 23.2
Going to school 94 25.3 25.3
Health 35 9.4 9.4
Visit 19 5.1 5.1
Entertainment 17 4.6 4.6
Other 14 3.8 3.8
Total 371 100.0 100.0

Source: survey result, 2024
4.2. Current physical assessment of pedestrian sidewalk

The primary objective of the assessment was to evaluate the condition of sidewalks by
assigning a score to each specific indicator and then calculating a cumulative score for overall
walkability. This comprehensive assessment aims to provide valuable insights into the usability
and accessibility of the sidewalks in the evaluated areas of selected street segments in Adama

city and ultimately informing improvements.

4.2.1. Franko segment sidewalk assessment
According to the researcher site survey using sidewalk walkability indicator sidewalks along
the Franko Street segment somewhat clean and in a good physical condition but it were in fair
overall condition, with compromised structural integrity. The table 4-5 indicates walkability
scores of sidewalk on the selected street segment. The survey was executed by dividing the
segment in to eight section with 60 meter spacing to collect the reliable data. According the
survey result few missing sections, numerous obstructions, some encroachments, and few
cracks were among physical challenges facing pedestrian while walking on this sidewalk.
These issues interrupted continuous pedestrian pathways, forcing individuals to walk on the

road and posing safety risks. The sidewalk on this segment has no identified pedestrian zoning



sections such as frontage zone, pedestrian zone and furnishing zones. The sidewalks were
narrow and in close proximity to traffic, reducing pedestrian comfort and safety. They were
also not accessible by wheelchair, highlighting a lack of inclusivity. Additionally, the area had
few trees, providing Minimal shade and diminishing the street's aesthetic and environmental

quality.

Table 4-5: Franko segment Scores of the sidewalk indicators

Indicator Side of Width Obstruction ~ Continuity  Physical Encroachment Cleanliness  Slope  Shade Buffer  Average
street condition trees zone
Section 1 Side 1 2 2 4 4 2 4 4 1 1 2.67
. 1.89
Side 2 1 1 2 1 3 4 1 1 208
Aver. 15 15 35 3 15 35 4 1 1
Section 2 Side 1 1 2 1 2 2 4 4 1 1 2.00
. 211
Side 2 1 1 3 3 1 4 4 1 1 206
Aver. 1 15 2 25 15 4 4 1 1
Section 3 Side 1 2 1 3 3 2 3 4 1 1 2.22
. 2.56
Side 2 1 2 4 4 2 4 4 1 1 239
Auver. 15 15 35 3.5 2 35 4 1 1
Section 4 Side 1 2 1 4 1 2 4 1 1 211
. 2.33
Side 2 2 1 4 2 3 4 1 1 299
Auver. 2 1 35 3.5 15 2.5 4 1 1
Section 5 Side 1 1 1 4 3 1 3 4 2 1 2.22
. 2.67
Side 2 1 2 4 4 2 3 4 3 1 250
Auver. 15 15 4 3.5 15 3 4 2.5 1
Section 6 Side 1 1 1 4 2 1 3 4 2 1 2.11
Side 2 2.00
Aver. 1 1 4 3 1 2 4 1 1 206
1 1 4 2.5 1 2.5 4 15 1
Section 7 Side 1 1 1 2 4 2 2 4 1 1 2.00
Side 2 2.44
Aver. 2 2 4 4 1 3 4 1 1 217
15 1 3 4 15 2.5 4 1 1
Section 8 Side 1 1 1 3 3 1 3 4 1 1 2.00
Side 2 2.11
Aver. 1 1 4 3 1 3 4 1 1 206
1 1 35 3 1 3 4 1 1
Average Side 1 15 1.25 3.12 3 1.38 2.75 4 1.25 1 2.14
Side 2 1.25 1.37 3.62 3.38 1.38 3 4 1.25 1 gfg
Aver. 1.37 131 3.37 3.19 1.38 2.87 4 1.25 1

Source: survey result, 2024

Entire the segment few sections of the sidewalk were absent, interrupting continuous pedestrian

pathways and forcing individuals to walk on the road, posing safety risks. This analysis of the
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Franko Street segment highlights critical issues that need to be addressed to improve pedestrian

safety, accessibility, and the overall walkability of the area.

Figure 4-1: Franko segment sidewalk physical condition (source: Author site observation)

4.2.2. Postabet to Mebrathayil Segment Sidewalk Assessment
Based on the site survey results using the sidewalk walkability indicator along the Postabet to
Mebrathayil Street segment, the sidewalks were found to be in poor physical condition and
overall disrepair, with compromised structural continuity. Table 4-6 presents the walkability
scores for the sidewalks on this street segment. According to the survey, the sidewalks faced
numerous physical challenges, including many missing sections, numerous obstructions,
frequent encroachments, and extensive pavement cracks. These issues interrupted continuous
pedestrian pathways, often forcing individuals to walk on the road, thereby posing significant

safety risks.

The sidewalk on this segment also lacked clearly defined pedestrian zoning sections, such as
frontage zones, pedestrian zones, and furnishing zones. The sidewalks were narrow and
situated very close to traffic, which reduced pedestrian comfort and safety. Accessibility for
wheelchair users was severely limited, making navigation difficult for those with mobility
challenges. Scattered trees provided some greenery but also contributed to the obstructions

along the sidewalks.
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Table 4-6: Postabet - Mebrathayil Segment Scores of the sidewalk indicators

Indicator Sideof Width  Obstruction Continuity Physical  Encroachment Cleanliness Slope Shade Buffer  Average
street condition trees zone
Section1 | Side 1 1 1 2 1 1 3 4 1 RN
Side 2 2 2 3 3 1 3 4 2 1 533
Aver. 15 15 25 2 1 3 4 15 1200
Section 2 Side 1 2 4 4 4 2 4 4 3 2| 322
Side 2 1 2 1 1 2 3 4 2 2 200
Aver. 15 3 25 25 2 35 4 25 2261
Section 3 Side 1 3 3 4 2 3 3 4 2 2| 289
Side 2 1 1 2 1 1 2 4 2 2 178
Aver. 2 2 3 15 2 25 4 2 2233
Section 4 Side 1 1 1 2 1 1 2 4 2 1167
Side 2 1 1 1 1 1 1 4 2 2| 156
Aver. 1 1 15 1 1 15 4 2 15161
Section 5 Side 1 2 3 2 2 1 3 4 2 1222
Side 2 2 2 3 3 1 4 4 3 2 | 267
Aver. 2 25 25 25 1 35 4 25 15| 244
Section 6 Side 1 1 1 3 2 1 2 4 3 1200
Side 2 1 1 4 3 1 3 4 2 1222
Aver. 1 1 35 25 1 25 4 25 1 211
Section 7 Side 1 1 1 2 1 1 2 4 2 1) 167
Side 2 2 1 2 1 1 1 4 3 21189
Aver. 15 1 2 1 1 15 4 25 15 178
Section8 | Side 1 1 1 2 1 2 1 4 2 1167
Side 2 1 1 2 1 1 3 4 3 2200
Aver. 1 1 2 1 15 2 4 25 15183
Average Side 1 15 1.875 2.625 1.75 15 25 4 2.125 125 | 213
Side 2 1.375 1.375 2.25 1.75 1.125 25 4 2.375 1.75 | 2.06
Aver. 1.4375 1.625 2.4375 1.75 1.3125 25 4 2.25 1.5 2.09

Source: survey result, 2024

The width of the sidewalk along this segment varies significantly. Most sections of the sidewalk

are narrow and insufficient to accommodate the high pedestrian volume, though a few locations

are wide enough to handle the traffic. The quality and material of the pavement also differ

across this segment. While some sections are paved with asphalt or cobblestones, a few areas

remain unpaved. Most of the site is paved with terrazzo, including tactile surfaces designed to

aid visually impaired pedestrians. However, the sidewalks are filled with obstructions, negating

the benefits of the tactile paving. There are also uneven level changes at every curb cut.

Additionally, the sidewalks are heavily encroached upon by street vendors, shoe shiners, retail

activities, business displays, and other related activities, further complicating pedestrian

movement.
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o R — Vehicle parking

Figure 4-2: Postabet - Mebrathayil segment sidewalk physical condition

4.2.3. 04 kebele to Mariam church Segment Sidewalk Assessment

This segment of the sidewalk was relatively clean and in fair condition, though it exhibited
several issues. There were some obstructions and a number of cracks throughout, along with
several missing sections that disrupted continuity. The sidewalks were quite narrow, making it
difficult for pedestrians to navigate, especially during busy times. Accessibility for wheelchair

users was severely limited due to the lack of proper ramps and the uneven surface.

Additionally, while there were some trees along the sidewalk, they did not provide adequate
shelter from the sun or rain. The trees were sparsely planted and did not offer significant shade,
diminishing their effectiveness in enhancing pedestrian comfort. The combination of these
factors resulted in a challenging environment for all users, highlighting the need for significant
improvements to ensure safety and accessibility

Figure 4-3: 04 - Mariam church segment sidewalk physical condition
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Table 4-7: 04 - Mariam Church Segment Scores of the sidewalk indicators

Indicator Side of  Width Obstruction  Continuity Physical ~ Encroachment Cleanliness Slope Shade Buffer Average
street condition trees zone
Sectionl | Sidel 1 1 4 2 1 3 4 3 1 2.38
Side 2 2 1 2 1 1 2 4 3 1 200
Aver. 15 1 3 15 1 2.5 4 3 1 2.19
Section2 | Side 1 1 1 3 2 2 4 4 2 1 2.38
Side 2 2 1 4 3 2 4 4 2 1 2.75
Aver. 15 1 3.5 2.5 2 4 4 2 1 2.56
Section 3 Side 1 1 1 3 2 2 3 4 3 1 2.38
Side 2 2 1 3 3 1 2 4 2 1 2.25
Aver. 15 1 3 25 15 2.5 4 2.5 1 2.31
Section4 | Side 1 1 1 2 3 1 3 4 2 1 2.13
Side 2 2 1 3 2 1 2 4 2 1 2.13
Aver. 15 1 2.5 2.5 1 2.5 4 2 1 2.13
Section5 | Side 1 3 1 1 1 1 2 4 1 1 175
Side 2 2 1 3 2 1 2 4 2 1 2.13
Aver. 2.5 1 2 15 1 2 4 15 1 1.94
Section6 | Side 1 3 1 1 2 1 2 4 2 1 2.00
Side 2 3 1 2 2 1 3 4 2 1 2.25
Aver. 3 1 15 2 1 2.5 4 2 1 2.13
Section 7 Side 1 1 1 3 2 1 2 4 2 1 2.00
Side 2 2 1 4 3 3 3 4 3 1 2.88
Aver. 15 1 35 25 2 25 4 25 1 2.44
Section 8 Side 1 2 1 4 3 2 2 4 2 1 2.50
Side 2 2 1 3 3 4 2 4 2 1 2.63
Aver. 2 1 3.5 3 3 2 4 2 1 2.56
Average Side 1 1.625 1 2.625 2.125 1.375 2.625 4 2.125 1 2.19
Side 2 2.125 1 3 2.375 175 25 4 2.25 1 238
Aver. 1.875 1 2.8125 2.25 1.5625 2.5625 4 2.1875 1 2.28

Source: site survey result, 2024

4.2.4. Bole Segment Sidewalk Assessment

The sidewalks were clean and generally in good condition, though they did have a few missing

sections, occasional obstructions, miss curb ramp and some cracks. Despite these minor issues,

the sidewalks maintained an acceptable width, allowing comfortable passage for pedestrians.

They were also designed to be visual impaired accessible, with proper smooth surfaces

facilitating easy navigation for individuals with mobility challenges.
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Additionally, the sidewalks were lined with trees, which provided some degree of shade and
aesthetic enhancement. The design of this segment effectively incorporated pedestrian zoning,
including distinct areas such as the furnishing zone, frontage zone, and pedestrian zone. These
designated zones helped organize space for various functions, such as street furniture,
storefronts, and pedestrian movement, thereby improving the overall usability and experience
of the sidewalk for all users

Table 4-8:Bole Segment Scores of the sidewalk indicators

Indicator Sideof Width Obstruction Continuity Physical Encroachment Cleanliness Slope Shade Buffer  Average

street condition trees Z0ne
Section 1  Side 1 3 4 4 4 3 4 4 3 2 3.63
Side 2 3 4 4 4 3 4 4 3 2 3.63
Aver. 3 4 4 4 3 4 4 3 2 3.63
Section?  Sidel 3 4 4 4 3 4 4 3 2 3.63
Side 2 3 4 4 4 3 4 4 3 2 3.63
Aver. 3 4 4 4 3 4 4 3 2 3.63
Sectiond  Sidel 3 4 4 4 3 4 4 3 2 3.63
Side 2 3 4 4 4 3 4 4 3 2 2,562
Aver. 3 4 4 4 3 4 4 3 2 3.63
Section4  Side 1 3 4 3 3 3 2 4 2 2 3.00
Side 2 3 4 4 3 3 4 4 3 2 3.50
Aver. 3 4 35 3 3 3 4 23 2 3.25
Section§  Sidel 3 3 2 2 3 3 4 3 2 2.88
Side 2 3 2 3 1 2 3 4 3 2 2.63
Aver. 3 25 25 13 23 3 4 3 2 2.75
Section§  Side 1 3 1 2 2 3 3 4 3 2 2.63
Side 2 2 1 3 2 3 2 4 2 2 2.38
Aver. 235 1 25 2 3 25 4 23 2 2.50
Average  Side 1 3.00 333 317 317 3.00 133 4.00 2.83 2 3.23
Side 2 2.83 317 3.67 3.00 2.83 350 4.00 2.83 2 3.23
Aver. 2092 3.25 342 3.08 202 342 4.00 2.83 2 3.23

Source: site survey, 2024

Figure 4-4: Bole segment sidewalk condition
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4.2.5. Discussion
According to the site survey using the sidewalk walkability indicator, the sidewalks along
Franko Street were somewhat clean and in good physical condition. The survey identified key
issues such as missing sections, numerous obstructions, encroachments, and cracks that
disrupted continuous pedestrian pathways. These challenges often forced pedestrians to walk
on the road, posing significant safety risks. Additionally, the segment lacked defined pedestrian
zoning sections, such as frontage, pedestrian, and furnishing zones, resulting in narrow
sidewalks close to traffic, which reduced pedestrian comfort and safety. Accessibility for
wheelchair users was non-existent, highlighting a lack of inclusivity, and the minimal presence

of trees offered little shade, diminishing the street's aesthetic and environmental quality.

In the segment from Postabet to Mebrathayil Street, the sidewalks were found to be in poor
physical condition and overall disrepair. The survey revealed numerous physical challenges,
including many missing sections, numerous obstructions, frequent encroachments, and
extensive pavement cracks. Like Franko Street, this segment also lacked clearly defined
pedestrian zones. The sidewalk width varied significantly, with many sections too narrow to
accommodate the high pedestrian volume, and the pavement quality and material differed
across the segment, with some areas paved with asphalt or cobblestones and others remaining

unpaved.

The sidewalk segment from 04 Kebele to Mariam Church was relatively clean and in fair
condition but exhibited several issues. Obstructions, cracks, and missing sections disrupted
continuity, and the narrow sidewalks made navigation difficult, especially during busy times.
The lack of proper ramps and an uneven surface severely limited accessibility for wheelchair
users. Conversely, the Bole segment’s sidewalks were generally in good condition, though they
had a few missing sections, occasional obstructions, missing curb ramps, and some cracks. The
sidewalks maintained an acceptable width, allowing comfortable passage for pedestrians, and
were designed to be accessible for the visually impaired, with smooth surfaces facilitating easy

navigation.

In summary, the common issues across all segments included interruptions in pedestrian
pathways due to physical challenges, narrow sidewalks, lack of pedestrian zoning, and limited
accessibility for wheelchair users. To address these issues, structural repairs are needed to fix

missing sections, cracks, and obstructions. Implementing defined pedestrian zoning can



organize space for various functions, enhancing safety and usability. Improving accessibility

by adding proper ramps, smooth surfaces, and unobstructed tactile paving is crucial.

4.3. Pedestrian Perception on the Sidewalk Walkability
Understanding pedestrian perception is crucial for evaluating the overall walkability of
sidewalks. This section delves into the subjective experiences and opinions of pedestrians
regarding the sidewalks' usability, comfort, and safety. To gather data on pedestrian perception,
a survey was conducted among regular sidewalk users. Participants were asked to rate various
aspects of the sidewalks, including surface conditions, width, obstructions, lighting, and overall

safety.

4.3.1. Pedestrian experience of existing sidewalk
The survey result provides insights into the preferences of respondents regarding walking as
their primary mode of transportation. Out of a total of 371 respondents, 272 respondents
answered "YES" to the question "Do you prefer walking as your primary transport?”. The
survey result indicates 75.2 percent of respondent had a strong preference for walking as the
primary mode of transport among the respondents. This majority preference underscores the
need for walkable sidewalk design efforts to focus on creating a pedestrian-friendly
environment. Addressing the concerns of those who do not prefer walking, and enhancing the
overall infrastructure, can lead to a more inclusive, healthy, and sustainable pedestrian

community.

Table 4-9: walking preference of respondent

walking as a primary mode of transportation

Frequency  Percent Valid Percent
Valid Yes 279 75.2 75.2
No 92 24.8 24.8
Total 371 100.0 100.0

Source: survey result, 2024
According to survey on 271 pedestrian user 45.8% respondents indicate they use the sidewalk

every day. This high daily usage suggests that the sidewalk is an essential part of daily routines
for a significant portion of the population. It may serve as a critical route for commuting,

accessing amenities, or engaging in daily activities.

The survey results demonstrate a significant reliance on sidewalks for daily activities, with a
substantial number of respondents using them daily or even multiple times a day. This

underscores the need for continuous investment in pedestrian infrastructure to ensure safety,



comfort, and convenience. Addressing the needs of both frequent and infrequent users through
targeted improvements can enhance overall sidewalk utility and promote a more walkable,

healthy, and sustainable pedestrian environment.

More than ones a day
Every day
A few times a week

A few times a month

How often they use this sidewalk

First time

0 20 40 &0 a0 100 120

Frequency

Figure 4-5: Frequency of Sidewalk Use

On the other hand survey on purpose of sidewalk user was conducted. The survey results reveal
diverse purposes for which pedestrians use the sidewalk, highlighting the multifunctional
nature of urban sidewalks. The most common reason, cited by 28.6% of the respondents, is
travelling to work. This suggests a substantial reliance on pedestrian routes for daily work
travels. Following closely, 25.3% of respondents use the sidewalks for school trips,
emphasizing the importance of safe and accessible walkways for students. Shopping is another
major purpose, accounting for 23.2% of the trips, indicating that many people prefer walking
to shopping destinations.
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Figure 4-6: Purpose of the trip
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Health-related trips, although less frequent, still represent a significant portion, with 9.4% of
respondents walking for health reasons such as going to a clinic or engaging in exercise. Social
visits and entertainment purposes, though less common, illustrate the sidewalks’ role in

facilitating social interactions and leisure activities, with 5.1% and 4.6% of trips respectively.

The survey results tells us various activities on the sidewalk that obstruct pedestrian movement,
with significant implications for urban walkability and pedestrian comfort. Among the
respondents, 30.7% identified street retailing as the most frequent obstruction, suggesting that
the presence of vendors and stalls significantly impedes the flow of pedestrians. This is
followed by begging, cited by 19.9% of respondents, indicating that pedestrians often

encounter individuals soliciting alms, which can hinder their movement.

Table 4-10: Activities on the sidewalk most obstruct ability to walk

Activities on the sidewalk most obstruct ability to walk
Frequency Percent  Valid Percent

Valid Food selling on street 68 18.3 18.3
Bicycling on the sidewalk 6 1.6 1.6
street retailing 114 30.7 30.7
Vehicle parking on the 50 13.5 13.5
sidewalk
Shoe shiner 59 15.9 15.9
begging 74 19.9 19.9
Total 371 100.0 100.0

Source: survey result, 2024
Overall, these findings underscore the need for comprehensive street design and management

strategies to address the diverse obstructions impacting sidewalk walkability. Effective
measures could include designated areas for street vending and shoe shining, strict enforcement
against illegal parking, and dedicated spaces for non-pedestrian activities to ensure that

sidewalks remain safe and accessible for all users.

4.3.2. Perceived indicator of existing sidewalk state
The survey results reveal a broad range of opinions regarding the adequacy of sidewalk width,
reflecting varying levels of satisfaction and dissatisfaction among pedestrians. Table 4-11
shows a significant portion of respondents, 32.1%, rated the sidewalk width as poor, indicating
widespread dissatisfaction with the current conditions. This suggests that many pedestrians

find the sidewalks insufficiently wide to accommodate the volume of foot traffic comfortably.



Following this, 22.1% of respondents rated the sidewalk width as very poor, further
underscoring the perceived inadequacy of the current infrastructure. The combined 54.2% of
respondents rating the sidewalk width as poor or very poor signals a critical need for

improvements to better meet pedestrian needs.

Table 4-11: Adequacy rate of sidewalk width

How do you rate adequacy of sidewalk total width?

Frequency Percent Valid Percent
Valid Fair 55 14.8 14.8
Very poor 82 22.1 22.1
Poor 119 32.1 32.1
Good 84 22.6 22.6
Excellent 31 8.4 8.4
Total 371 100.0 100.0

Source: survey result, 2024
Table 4-12 shows survey results highlight diverse perceptions of sidewalk surface quality

among pedestrians. A notable 26.7% of respondents rated the surface quality as poor, and an
additional 11.9% rated it as very poor. Together, these ratings signify that a significant portion
of pedestrians (38.6%) are dissatisfied with the current state of the sidewalk surfaces,
potentially facing issues such as cracks, uneven surfaces, or poor maintenance that affect their

walking experience.

The largest group of respondents, 28.6%, rated the sidewalk surface quality as fair. This
suggests that while the surfaces are adequate for basic use, there is considerable room for
improvement to meet pedestrian expectations fully. These respondents likely encounter some

issues but do not find them severe enough to rate the surface as poor or very poor.

Table 4-12: Rate of sidewalk surface quality

How do you rate sidewalk surface quality?

Frequency Percent Valid Percent
Valid Very poor 44 11.9 11.9
Poor 99 26.7 26.7
Fair 106 28.6 28.6
Good 89 24.0 24.0
Excellent 33 8.9 8.9
Total 371 100.0 100.0

Source: survey result, 2024



Table 4-13 shows respondent pedestrians perception on obstacles challenging them while
walking on sidewalks. The survey results reveal that the presence of obstacles on sidewalks is
a significant issue for pedestrians. A substantial 36.7% of respondents rated the presence of
obstacles as poor, with an additional 24.5% rating it as very poor. Together, these figures
indicate that over 60% of the respondents encounter frequent and disruptive obstacles, such as
parked vehicles, street vendors, or construction materials, which severely impede their ability

to walk comfortably and safely.

Conversely, 20.2% of respondents rated the presence of obstacles as fair, suggesting that while
they do encounter obstacles, these are not as frequent or severe. A smaller segment of the
population views the situation more positively, with 12.9% rating the presence of obstacles as
good and 5.7% rating it as excellent. These respondents experience fewer or less impactful

obstructions, allowing for a more pleasant and convenient walking experience.

Overall, the survey highlights a critical need for addressing the obstacles on sidewalks to
improve pedestrian mobility. Removing or minimizing obstructions, such as unauthorized
vehicle parking, street vendors encroaching on walking space, and other impediments, is
essential. Ensuring clear and accessible sidewalks will significantly enhance pedestrian

comfort and safety, promoting a more walkable and pedestrian-friendly urban environment.

Table 4-13: Presence of Obstacle on Sidewalk

Presence of obstacles on sidewalk

Frequency Percent Valid Percent
Valid Very poor 91 245 245
Poor 136 36.7 36.7
Fair 75 20.2 20.2
Good 48 12.9 12.9
Excellent 21 5.7 5.7
Total 371 100.0 100.0

Source: survey result, 2024
The survey results indicate significant issues with the accessibility features on sidewalks as
perceived by pedestrians. A considerable 38.8% of respondents rated the accessibility features
as poor, and another 20.5% rated them as very poor. This combined total of 59.3% highlights
that the majority of respondents find the current accessibility features seriously lacking. These

respondents likely encounter difficulties such as insufficient curb ramps, uneven surfaces, and



other barriers that impede access for people with disabilities, parents with strollers, and the

elderly.

On the other hand, 21.3% of respondents rated the accessibility features as fair, suggesting that
while some features are present, they are not entirely effective or consistently available. These
pedestrians might find certain aspects of the sidewalks accessible but still face challenges in
other areas. A smaller segment of the population views the accessibility features more
positively, with 15.9% rating them as good and 3.5% rating them as excellent. These
respondents likely benefit from more accessible infrastructure in certain areas, such as well-

maintained clear pathways.

Table 4-14: Rate of accessibility feature on the sidewalk

How do you rate accessibility feature on the sidewalk?

Frequency Percent Valid Percent
Valid Very poor 76 20.5 20.5
Poor 144 38.8 38.8
Fair 79 21.3 21.3
Good 59 15.9 15.9
Excellent 13 3.5 3.5
Total 371 100.0 100.0

Source: survey result, 2024

Discussion

Overall, the survey results underscore a pressing need to improve sidewalk accessibility.
Enhancements such as adding more curb ramps, ensuring even surfaces, and removing
obstructions are crucial for creating a more inclusive and navigable pedestrian environment.
By addressing these deficiencies, urban planners and policymakers can significantly enhance
the mobility and safety of all sidewalk users, particularly those with accessibility needs.

4.3.3. Correlation analysis
Table 4-15 shows the correlation analysis between three variables. This data presents the
Pearson correlation coefficients between three variables: "sidewalk effective width," "number
of obstructions,” and "speed.” Pearson correlation measures the strength and direction of the
linear relationship between two variables. The correlation coefficient of -0.768 indicates a
strong negative correlation between sidewalk effective width and the number of obstructions.
This means that as the effective width of the sidewalk increases, the number of obstructions

tends to decrease, and vice versa.



The correlation coefficient of 0.994 indicates an extremely strong positive correlation between
sidewalk effective width and speed. This suggests that as the effective width of the sidewalk

increases, speed also tends to increase.

The significant correlations suggest robust relationships between these variables. Wider
sidewalks not only tend to have fewer obstructions but also facilitate higher speeds, while more
obstructions are associated with reduced speeds. These insights could be valuable for urban

planning and the design of pedestrian-friendly environments.

Table 4-15: Correlation analysis

Correlations

sidewalk number of
effective width obstruction speed

sidewalk effective width Pearson Correlation 1 -.768" .994"

Sig. (2-tailed) .026 .000

N 8 8 8
number of obstruction Pearson Correlation -.768" 1 744"

Sig. (2-tailed) .026 .034

N 8 8 8
speed Pearson Correlation .994" -744" 1

Sig. (2-tailed) .000 .034

N 8 8 8

*, Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
Source: survey result, 2024

4.4. Evaluation of Existing Sidewalk Pedestrian Level of Service

4.4.1. HCM Method PLOS Evaluation Result
For evaluating walkability and Pedestrian Level of Service (PLOS), the study recognized the
presence of various perspectives, as detailed in Chapters 2 and 3. Each perspective demands
different types of data, complicating the data collection process. In this part of the study, the
methods for collecting the necessary data for PLOS evaluations are explained under pedestrian
counts, infrastructure data, and pedestrian speed. Pedestrian level of service at the four selected
street segment was evaluated by conducting data’s from two data collection points in each
segments and take the average for the segment. Based on this eight points were selected from

all street segments.
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Figure 4-7: Selected pedestrian count points
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Table 4-16: HCM PLOS Criteria

LOS Space (m2/ped) | Flow Rate (ped/min/m) | Average Speed (m/s)| v/c ratio (v/c)
B 3.7-5.6 16-23 1.27-1.30 0.21-0.3
D 14-2.2 33-49 1.14-1.22 0.44-0.65
LI T O I
F <0.75 var. <0.75 var.

Source: HCM, 2000

I. HCM PLOS Result of Franko street segment
Pedestrian level of service at this segment is evaluated by selecting two data collection points
from both sides of sidewalk at different sections. Based on this point A segment and point B
were selected.

Pedestrian count result

Table 4-17 presents the results of a 15-minute pedestrian count at point A and B of the Franko
segment, conducted on different days during the morning and night. This was to determine

which day of the week experiences the highest pedestrian volume, the average pedestrian count

e L




from Monday to Sunday was calculated. The analysis revealed that Saturday had the highest
average pedestrian movement, with approximately 602 pedestrians, while Sunday had the

lowest pedestrian count.

The total width of the sidewalk at the selected site is 2 meters. However, to determine the
effective width available for pedestrians, shy distances from obstacles such as curbs, trash bins,
and poles in the middle of the sidewalk were subtracted, resulting in an effective width of only
1 meter. This indicates that the sidewalk is significantly obstructed, reducing the usable space

for pedestrians

Table 4-17: Franko segment pedestrian count result

Day’s Average of Point A and B pedestrian Random count  Sidewalk effective
in 15 min width(m)
Morning Night Average

Monday 491 652 571

Tuesday 421 578 499

Wednesday 508 639 573 1m
Thursday 487 613 550

Friday 398 538 468

Saturday 493 712 602

Sunday 352 493 422

Source: site survey, 2024
Pedestrian flow result

Table 4-18 below illustrates the pedestrian flow results by dividing the average number of
pedestrians by the time elapsed to pass the sidewalks over seven different days. This approach
provides insights into the pedestrian flow rate, a critical metric for understanding pedestrian
movement patterns. The highest pedestrian flow was observed on Saturday, with a rate of 40
pedestrians per 15 minutes. These findings indicate a peak in pedestrian activity during the
weekend, particularly on Saturday, which is essential for determining the pedestrian flow rate

and identifying the busiest times.
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Table 4-18: Franko segment pedestrian Flow Result

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday

PF = No ped/ min  PF = No ped/ min PF =Noped/ min PF=Noped/ min PF=Noped/ min PF=Noped/ min PF=No ped/ min
571 ped /15 min 499 ped /15 min 573 ped /15 min 550 ped /15 min 468 ped /15 min 602 ped /15 min 422 ped /15 min
38.06 ped/min 33.26 ped/min 38.2 ped/min 36.66 ped/min 31.2 ped/min 40 ped/min 28.13 ped/min

Source: site survey, 2024
Pedestrian flow rate result of Franko segment

Table 4-19 below illustrates the pedestrian flow rate (PFR) by dividing the average number of
pedestrians by the effective width (WE) of the sidewalk over seven different days. The PFR is
expressed as the number of pedestrians per minute per meter of effective width. The results
indicate that the pedestrian flow rate varies throughout the week, with the highest flow rate
observed on Saturday at 40 pedestrians per minute per meter. This suggests that Saturday
experiences the highest pedestrian activity, requiring more infrastructure support to manage
the flow. Conversely, Sunday has the lowest flow rate at 28.13 pedestrians per minute per

meter.

Table 4-19: Franko segment pedestrian Flow rate Result

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday
PFR PFR PFR PFR PFR PFR PFR
= Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we

38.06 ped/min/m 33.26 ped/min/m 38.2 ped/min/m 36.66 ped/min/m 31.2 ped/min/m 40 ped/min/m 28.13 ped/min/m

Source: site survey result, 2024

According to the Level of Service (LOS) criteria table, the average pedestrian traffic rate is
35.07 pedestrians per meter per minute, resulting in a pedestrian Level of Service (LOS) D.
This classification, based on the Highway Capacity Manual (HCM) criteria, indicates that the
sidewalks are not convenient or comfortable for walking. The current conditions restrict
individual walking speed and make it difficult to bypass other pedestrians. Consequently,
these sidewalks require upgrades to improve their LOS and enhance the overall pedestrian

experience.

1. HCM PLOS Result of Postabet to Mebrathayil street segment
Pedestrian level of service at this segment was also evaluated by selecting two data collection
points from both sides of sidewalk at different sections. Based on this point C and point D are

selected.



Pedestrian count result

Table 4-20 presents the results of a 15-minute pedestrian count at point C and D of the Postabet
to Mebrathayil segment, conducted on different days during the morning and night. This was
to determine which day of the week experiences the highest pedestrian volume, the average
pedestrian count from Monday to Sunday was calculated. The analysis revealed that Saturday
had the highest average pedestrian movement, with average 473 pedestrians, while Sunday had
the lowest pedestrian count 263. The total width of the sidewalk at the selected site is 1.6
meters. However, to determine the effective width available for pedestrians, shy distances from
obstacles such as curbs, trash bins, and poles in the middle of the sidewalk were subtracted,
resulting in an effective width of only 0.85 meter. This indicates that the sidewalk is

significantly obstructed, reducing the usable space for pedestrians

Table 4-20: Mebrathayil segment pedestrian count result

Day’s Average of Point C and D pedestrian Random count  Sidewalk effective
in 15 min width(m)
Morning Night Average

Monday 343 463 403

Tuesday 359 413 386

Wednesday 243 467 355 0.7m
Thursday 316 481 398

Friday 228 359 293

Saturday 420 527 473

Sunday 228 299 263

Source: site survey, 2024
Pedestrian flow result

Table 4-21 below illustrates the pedestrian flow results by dividing the average number of
pedestrians by the time elapsed to pass the sidewalks over seven different days. This method
provides insights into the pedestrian flow rate, a critical metric for understanding movement
patterns. The highest pedestrian flow was observed on Saturday, with a rate of 31.5 pedestrians
per 15 minutes. These findings indicate a peak in pedestrian activity during the weekend,
particularly on Saturday, which is crucial for determining pedestrian flow rates and identifying

the busiest times..



Table 4-21: Mebrathayil segment pedestrian Flow Result

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday

PF = No ped/ min  PF = No ped/ min PF =Noped/ min PF=Noped/ min PF=Noped/ min PF=Noped/ min PF=No ped/ min
403 ped /15 min 386 ped /15 min 355 ped /15 min 398 ped /15 min 293 ped /15 min 473 ped /15 min 263 ped /15 min
26.8 ped/min 25.7 ped/min 23.67 ped/min 26.53 ped/min 19.53 ped/min 31.5 ped/min 17.53 ped/min

Source: site survey, 2024
Pedestrian flow rate result

Table 4-22 below illustrates the pedestrian flow rate (PFR) by dividing the average number of
pedestrians by the effective width (WE) of the sidewalk across seven different days. The PFR

is expressed as the number of pedestrians per minute per meter of effective width.

The results show significant variation in the pedestrian flow rate throughout the week. The
highest flow rate is observed on Saturday, with 45 pedestrians per minute per meter, indicating
the peak in pedestrian activity. This high volume suggests a need for enhanced infrastructure
support on Saturdays to manage the increased flow and ensure pedestrian safety and comfort.
Measures such as widening the sidewalks, improving signage, and increasing the number of
pedestrian amenities could be considered to better accommodate the high pedestrian volume

Conversely, Sunday has the lowest pedestrian flow rate at 25.04 pedestrians per minute per
meter. This lower volume indicates reduced demand on the sidewalks, allowing for less
intensive infrastructure requirements. However, consistent maintenance and addressing any

obstructions are still necessary to ensure a safe and pleasant walking environment.

Table 4-22: Mebrathayil segment pedestrian Flow rate Result

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday
PFR PFR PFR PFR PFR PFR PFR
= Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we

37.85 ped/min/m 36.7 ped/min/m 33.8 ped/min/1 37.9 ped/min/1 27.57 ped/min/1 45 ped/min/1 25.04 ped/min/1

Source: site survey result, 2024

Based on the Level of Service (LOS) criteria table, the average pedestrian traffic rate is 34.84
pedestrians per meter per minute, which corresponds to a pedestrian Level of Service (LOS)
D. This rating, derived from the Highway Capacity Manual (HCM) standards, signifies that the
sidewalks are neither convenient nor comfortable for walking. Under these conditions,
individual walking speeds are restricted, and it becomes challenging for pedestrians to bypass
one another. As a result, the current sidewalk infrastructure fails to adequately meet the needs

of pedestrians.



To address these issues, significant upgrades are necessary to enhance the LOS. Improvements
could include widening the sidewalks to accommodate higher pedestrian volumes, removing
obstacles that impede movement, and enhancing overall sidewalk maintenance. Additionally,
implementing better signage and pedestrian signals could help manage pedestrian flow and
improve safety. These upgrades would not only improve walking conditions but also encourage

more people to walk, thereby promoting a healthier and more sustainable urban environment.

I11. HCM PLOS Result of 04 kebele to Mariam church street segment

Pedestrian count result

Table 4-23 presents the results of a 15-minute pedestrian count at points E and F of the 04
Kebele to Mariam Church segment, conducted on different days during the morning and
evening. The analysis revealed that Monday had the highest average pedestrian movement,

with 293 pedestrians, while Sunday had the lowest, with 161 pedestrians.

The total width of the sidewalk at the selected site is 1.4 meters. However, after accounting for
shy distances caused by obstacles such as curbs, trash bins, and poles, the effective width
available for pedestrians is reduced to only 0.62 meters. This significant obstruction greatly
diminishes the usable space for pedestrians, impacting their ability to move comfortably and

safely.

Table 4-23:04 kebele to Maroam church segment pedestrian count result

Day’s Average of Point E and F pedestrian Random count  Sidewalk effective

in 15 min width(m)
Morning Night Average

Monday 274 312 293

Tuesday 234 226 230

Wednesday 191 247 219 0.62 m

Thursday 228 281 254

Friday 241 254 247

Saturday 167 223 195

Sunday 132 189 161

Source: site survey, 2024



Pedestrian flow result

Table 4-24 below illustrates the pedestrian flow results. The highest pedestrian flow was
observed on Monday, with a rate of 19.53 pedestrians per 15 minutes. These findings indicate
a peak in pedestrian activity during the working days, particularly on Monday, which is crucial

for determining pedestrian flow rates and identifying the busiest times.

Table 4-24: 04 kebele to Maroam church segment pedestrian flow result

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday

PF = No ped/ min  PF = No ped/ min PF = No ped/ min  PF=Noped/ min PF=Noped/ min PF=Noped/ min PF=Noped/ min
293 ped /15 min 230 ped /15 min 219 ped /15 min 254 ped /15 min 247 ped /15 min 195 ped /15 min 191 ped /15 min
19.53 ped/min 15.3 ped/min 14.6 ped/min 16.93 ped/min 16.47 ped/min 13 ped/min 12.73 ped/min

Source: site survey, 2024
Pedestrian flow rate result

Table 4-25 below illustrates the pedestrian flow rate (PFR) of the sidewalk across seven
different days. The PFR is expressed as the number of pedestrians per minute per meter of
effective width.

The results show significant variation in the pedestrian flow rate throughout the week. The
highest flow rate is observed on Monday, with 31.5 pedestrians per minute per meter, indicating
the peak in pedestrian activity. Measures such as widening the sidewalks, improving signage,
and increasing the number of pedestrian amenities could be considered to better accommodate

the high pedestrian volume

Conversely, Sunday and Saturday has the lowest pedestrian flow rate at 21 pedestrians per
minute per meter. This intermediate volume indicates reduced demand on the sidewalks,
allowing for average intensive infrastructure requirements. However, consistent maintenance
and addressing any obstructions are still necessary to ensure a safe and pleasant walking

environment.

Table 4-25: 04 kebele to Mariam church segment pedestrian Flow rate Result

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
PFR PFR PFR PFR PFR PFR PFR
= Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we

31.5 ped/min/m 25.5 ped/min/m 24.33 ped/min/m  28.21 ped/min/m  27.45 ped/min/m  21.67 ped/min/m 21.22 ped/min/m

Source: site survey result, 2024



Based on the Level of Service (LOS) criteria table, the average pedestrian traffic rate is 25.7
pedestrians per meter per minute, which corresponds to a pedestrian Level of Service (LOS)
C. According to the Highway Capacity Manual (HCM) Pedestrian Level of Service (PLOS)
criteria, a grade C indicates a pedestrian environment that is somewhat acceptable but has
noticeable issues affecting comfort and convenience. Specific characteristics of PLOS grade C
includes, sidewalks are moderately crowded, occasional interruptions in walking speed and
movement, some obstructions or uneven surfaces, pedestrians feel less secure due to poor
lighting, limited visibility, or minor conflicts with vehicles and not fully accommodate all

users, including those with mobility impairments.

To address these issues, significant upgrades are necessary to enhance the LOS. Improvements
could include widening the sidewalks to accommodate higher pedestrian volumes, removing
obstacles that impede movement, and enhancing overall sidewalk maintenance. Additionally,
implementing better signage and pedestrian signals could help manage pedestrian flow and
improve safety. These upgrades would not only improve walking conditions but also encourage
more people to walk, thereby promoting a healthier and more sustainable urban environment.

Overall, a PLOS of this segment which graded C signifies a pedestrian environment that
functions adequately but requires improvements to enhance safety, comfort, and convenience.
Pedestrians can navigate these sidewalks, but their experience may be marred by occasional

discomfort or inconvenience.

IV. HCM PLOS Result of Bole street segment

Pedestrian count result

Table 4-26 presents the results of a 15-minute pedestrian count at points G and H of the Bole
segment, conducted on different days during the morning and evening. The analysis revealed
that Wednesday had the highest average pedestrian movement, with 197 pedestrians, while
Sunday had the lowest, with 73 pedestrians. The total width of the sidewalk at the selected site
is 3.5 meters. However, after accounting for the effective width available for pedestrians is 2

meters.



Table 4-26: Bole segment pedestrian count result

Day’s Average of Point G and H pedestrian Random count in 15 Sidewalk effective
min width(m)

Morning Night Average

Monday 163 145 154

Tuesday 124 145 134

Wednesday 191 203 197 2m

Thursday 98 121 109

Friday 107 89 98

Saturday 113 97 105

Sunday 79 67 73

Pedestrian flow result of Bole street segment

Table 4-27 below illustrates the pedestrian flow results. The highest pedestrian flow was
observed on Wednesday, with a rate of 13.13 pedestrians per 15 minutes. These findings
indicate a peak in pedestrian activity during the working days, particularly on Wednesday,

which is crucial for determining pedestrian flow rates and identifying the busiest times.

Table 4-27: Bole segment pedestrian flow result

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday

PF = No ped/ min  PF = No ped/ min PF =Noped/ min  PF=Noped/ min PF=Noped/ min PF=Noped/ min PF=Noped/ min
154 ped /15 min 134 ped /15 min 197 ped /15 min 109 ped /15 min 98 ped /15 min 105 ped /15 min 73 ped /15 min
10.26 ped/min 8.93 ped/min 13.13 ped/min 7.26 ped/min 6.53 ped/min 7 ped/min 4.87 ped/min

Source: site survey, 2024
Pedestrian flow rate result of Bole segment

Table 4-28 below illustrates the pedestrian flow rate (PFR) of the sidewalk across seven
different days. The PFR is expressed as the number of pedestrians per minute per meter of

effective width.

The results show significant variation in the pedestrian flow rate throughout the week. The
highest flow rate is observed on Wednesday, with 6.56 pedestrians per minute per meter,
indicating the peak volume in pedestrian activity of the segment. Conversely, Sunday has the

lowest pedestrian flow rate at 2.43 pedestrians per minute per meter.



Table 4-28: Bole segment pedestrian Flow rate Result

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday
PFR PFR PFR PFR PFR PFR PFR
= Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we = Ped flow/ we

5.13 ped/min/m 4.46 ped/min/m 6.56 ped/min/m 3.63 ped/min/m 3.26 ped/min/m 3.5 ped/min/m 2.43 ped/min/m

Source: site survey result, 2024

Based on the Level of Service (LOS) criteria table, the average pedestrian speed rate is 4.13
pedestrians per meter per minute, which corresponds to a pedestrian Level of Service (LOS)
A. According to the Highway Capacity Manual (HCM) Pedestrian Level of Service (PLOS)
criteria, a grade A represents the highest level of service for pedestrian environments,

indicating a superior walking experience

Based on our survey result Specific characteristics of PLOS grade A of Bole street segment
includes, are uncrowded, allowing pedestrians to walk at their desired speed without needing
to adjust their pace or direction, widen enough, free of obstructions, and minimal conflicts with
vehicles. Some challenges on this sidewalk in adequate pedestrian facility, uneven level

changes for unpaved sections and lack of curb ramp at curb cuts.

Overall, a PLOS result of this segment signifies a pedestrian environment that provides an
optimal walking experience. The sidewalks were designed to the highest standards, ensuring
comfort, convenience, and safety for users. Pedestrians in a grade A environment can expect a

seamless, pleasant, and enjoyable experience.

4.4.2. Discussion
The Pedestrian Level of Service (PLOS) results for various street segments offer crucial
insights into the quality and usability of the pedestrian environment. By analysing pedestrian
counts, flow rates, and the effective width of sidewalks, the study provides a thorough

understanding of pedestrian traffic patterns and the adequacy of the existing infrastructure.

The Franko Street segment's pedestrian level of service (PLOS) analysis highlights critical
issues in its current state. Despite a total sidewalk width of 2 meters, various obstructions
reduce the effective width to just 1 meter, significantly impacting pedestrian comfort and flow.
The highest pedestrian flow rate recorded was 40 pedestrians per 15 minutes on Saturday,
emphasizing the need for better management during peak periods. The segment receives a
grade of LOS D, with an average pedestrian traffic rate of 35.07 pedestrians per meter per

minute, indicating overcrowded sidewalks that make walking uncomfortable and restrict



speeds. This level of service reveals that the current infrastructure is inadequate to handle

pedestrian volumes effectively, leading to congestion and reduced walking efficiency

The analysis of the Postabet to Mebrathayil Street segment reveals key issues in pedestrian
movement and infrastructure. The sidewalk’s total width of 1.6 meters is reduced to an effective
width of 0.85 meters due to various obstacles, mirroring issues seen on Franko Street. The
highest flow rate of 45 pedestrians per minute per meter on Saturday underscores the need for
better infrastructure management during peak times. Rated as LOS D, with an average
pedestrian traffic rate of 34.84 pedestrians per meter per minute, this segment's sidewalks are
overcrowded, making walking inconvenient and uncomfortable. These conditions restrict
walking speeds and make it difficult for pedestrians to bypass each other, highlighting

significant inadequacies in the existing infrastructure.

The examination of the 04 Kebele to Mariam Church Street segment reveals that Monday has
the highest pedestrian count at 293, while Sunday has the lowest at 161, indicating higher
pedestrian traffic at the start of the week. Rated as LOS C, with an average pedestrian traffic
rate of 25.7 pedestrians per meter per minute, this segment's pedestrian environment is
somewhat acceptable but has noticeable issues. To improve comfort and safety, widening

sidewalks, regular maintenance, and enhancing lighting and visibility are crucial.

The Bole Street segment shows the lowest average pedestrian movement compared to other
segments. The sidewalk's total width of 3.5 meters, with an effective width of 2 meters,
indicates fewer obstructions. Rated as LOS A, with an average pedestrian speed rate of 4.13
pedestrians per meter per minute, this segment provides a superior pedestrian environment. It
offers wide sidewalks and minimal obstructions, ensuring high comfort and convenience.
However, improvements such as addressing uneven surfaces and adding pedestrian facilities
like curb ramps could further enhance the walking experience, making it even safer and more

pleasant for all users.

The analysis of pedestrian flow and level of service (LOS) across various street segments
reveals several critical insights. A major issue identified is the significant reduction in effective
sidewalk width due to obstructions such as curbs, trash bins, and poles. This reduction greatly
impacts pedestrian comfort and safety, making it difficult for individuals to navigate the
sidewalks efficiently. The data also highlights that pedestrian activity peaks on Saturdays and
certain weekdays, depending on the segment. This peak in activity underscores the need for



better infrastructure support during these times to manage the increased pedestrian volumes

effectively.

Segments like Franko and Postabet to Mebrathayil, which have received LOS D ratings, clearly
require substantial upgrades to handle pedestrian traffic more effectively. The LOS D rating
indicates overcrowded sidewalks that are uncomfortable for walking and restrict pedestrian
movement. Addressing these issues involves widening the sidewalks to provide more space for
pedestrians, removing obstacles that currently impede pedestrian flow, and enhancing overall

sidewalk maintenance to ensure they remain in good condition.

Additionally, improving pedestrian signage and signals can help manage pedestrian flow and
enhance safety. Clear signage and well-timed signals can guide pedestrians more effectively
and reduce conflicts at intersections. Regular maintenance of sidewalks is also crucial to ensure
they remain safe and comfortable for all users. This includes fixing any uneven surfaces and

ensuring that the sidewalks are clean and free of debris.

4.4.3. Australian Method PLOS Evaluation Result
The Australian method for evaluating Pedestrian Level of Service (PLOS) is an approach
designed to assess and improve the quality and safety of pedestrian environments. This method
involves multiple criteria and metrics to evaluate the comfort, convenience, and safety of
pedestrians. Those criteria’s were seen in three categories such as design factor, location factor

and user factors. The evaluation involves data collected from the four selected street segments.
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Table 4-29: Australian PLOS grade scale

No PLOS Grading Score value
1 A 132 or higher

2 B 101 to 131

3 C 69 to 130

4 D 37 1o 68

5 E 36 or Lower

Source: Gallin, 2001

l.
The findings, which provide a detailed assessment of the pedestrian level of service (PLOS)
for each segment, are systematically presented in Table 4-30. This table summarizes the PLOS

results, illustrating how each sidewalk segment performs according to the specified evaluation

Franko and Mebrathayil Segment PLOS Result

criteria.
Table 4-30: Franko and Mebrathayil Segment PLOS Result
FRANKO Segment Postabet to Mebrathayil Segment
Measurement |Number of Weight measurement | Number of
Category Factor value point Weight score value point Weight [Weightscore
Path width 1.8m 3 4 12 2 4 8
: Moderate
Surface quality quality 2 5 10| Poor quality 1 5 5
Obstruction 73 obtruction 0 3 0| 91 obtruction 0 3 0
Design ]
factor Crossing some provided some provided
L but poorly but poorly
opportunities located
ocate! 1 4 4 located 1 4 4
Few provided Few provided
S“‘_’F"_’” but poorly but poorly
facilities Jocated 1 2 located 1 2
Connectivity Reasonable 2 8 Poor 1 4
unpleasant Unpleasant
Path environment environment
Location | Environment [close to vehicilar close to vehicilar
factor traffic 0 2 0 traffic 0 2 0
Potential for |10 to 15 potential . .
vehicle conflict| vehicle conflict Poor situation
point per KM 2 3 6 1 3 3
Pedestrian | More than 350 More than 350
volume per day 0 3 0 per day 0 3 0
. Approx 51% -
User Mix of path 70% of path
Factor user Less than 20% users are non
non pedestrian 3 4 12 pedestrian 1 4 4
Personal
Security Good 3 4 12 Poor 1 4 4
LOS VALUE Average Score 66 Average Score 34
LOS Grade LOS D LOS Grade LOSE

According to Table 4-30, the Franko segment sidewalk is graded D, indicating poor and

suboptimal pedestrian conditions. This rating reflects several issues that significantly impact

Source: Author survey result, 2024
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safety and comfort. The sidewalk has poor surface conditions with cracks, uneven surfaces,
and obstacles, and is too narrow, causing overcrowding. Lack of maintenance leads to debris,
litter, and overgrown vegetation. Safety is compromised due to high-speed traffic nearby
without adequate barriers, poorly marked crosswalks, and insufficient lighting, especially at
night. Accessibility is limited by the absence of ramps, curb cuts, and tactile paving, as well as

interruptions in the pedestrian network.

The Pedestrian Level of Service (PLOS) assessment for the segment from Postabet to
Mebrathayil was assigned a grade of E, signifying an extremely poor and unsuitable walking
environment. This grade reflects a critical evaluation where all contributing factors design,
location, and user characteristics fall below acceptable standards. Consequently, the overall
pedestrian experience on this segment is significantly compromised. The grade E indicates
severe deficiencies in the sidewalk's infrastructure, safety, and usability, making it a suboptimal
and potentially hazardous route for pedestrians. This result underscores the urgent need for
improvements to elevate the service level to meet at least the minimum acceptable standards

for pedestrian safety and comfort

Il. 04 Kebele to Mariam church and Bole Segment PLOS Result
Table 4-31 summarizes the PLOS results, of these two segment by illustrating how each

sidewalk segment performs according to the specified evaluation criteria.

Table 4-31: 04 Kebele to Mariam church and Bole Segment PLOS Result

04 kebele to Mariam church BOLE Segment
Catego Factor Measurement [ Number . Weight [ Measurement | Number . Weight
gory . Weight g K Weight 9
value of point score value of point score
Path width 1.7m 3 4 12 2m 3 4 12
Surf_ace Moderate quality Reason.able
quality 2 5 10 quality 3 5 15
Obstruction 59 obtruction 0 3 0| 7 obtructions 2 3 6
Design some are
. bl .
factor Crossing prr:/sizgs azd some provided
opportunities located but more but poorly located
are required 2 4 8 1 4 4
Few provided and .
Support reasonably well Several provided
facilities located 2 2 4| &welllocated 3 2 6
Connectivity Good 3 4 12 Good 3 4 12
Acceptable
Path _Unpleasant environment
) . environment close
Location| Environment | ' cnicilar traffic between 1 & 2mof
factor 0 2 0 curb 2 2 4
Potential for 1to 10or less Pl
vehicle conflict point per envierzsna::etnt
conflict KM reasonable 3 3 9 4 3 12
Pedestrian More than 350 per More than 350 per
volume day 0 3 0 day 0 3 0
User  Mix of path Pedestrian only
Factor [yser Pedestrian only 4 4 16 4 4 16
Personal
. Excellent
Security Poor 1 4 4 4 4 16
Average Score 75 Average Score 103
L VALUE
OS v LOS Grade LOSC LOS Grade LOSB
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The survey result on Table 4-31 reveals notable differences between the sidewalk conditions
of the 04 Kebele and Bole segments. In the 04 Kebele segment, the sidewalk was graded as a
basic level which was Grade C, indicating a pedestrian environment with significant shortages
impacting safety and comfort. Factors such as uneven surfaces, inadequate lighting, proximity
to traffic, and narrow width contribute to an environment that may discourage pedestrian
activity and pose safety risks. Conversely, the Bole segment is graded higher as Grade B,
signifying a standard level of pedestrian infrastructure. Here, conditions are generally
favourable, with smoother surfaces, sufficient lighting, adequate width and better separation

from vehicular traffic, fostering a more comfortable and safe walking experience.

The contrast between the two segments underscores the importance of investing in pedestrian
infrastructure to enhance urban liveability and promote community well-being. Improvements
in the 04 Kebele segment could mitigate safety concerns and encourage pedestrian activity,
while continued maintenance and enhancements in the Bole segment ensure its ongoing
suitability for pedestrian use. Overall, these assessments provide valuable insights for urban
planners to prioritize targeted interventions and allocate resources effectively to create

pedestrian-friendly environments that benefit local communities.
Cross Sectional Analysis

The provided data table presents a cross tabulation of Pedestrian Level of Service (PLOS)
results according to the Highway Capacity Manual (HCM) and the Australian PLOS Method
across different sidewalk segments.

Table 4-32: PLOS Cross tabulation result

PLOS of Selected Segment Cross tabulation
Australian PLOS Method

Segment Name LOS B LOS C LOS D LOS E Total
FRANKO SEGMENT HCM Result LOS D 1 1
Total 1 1
MEBRATHAYIL SEGMENT HCM Result LOSD 1 1
Total 1 1
04 KEBELE - MARIAM HCM Result LOSC 1 1
CHURCH SEGMENT Total 1 1
BOLE SEGMENT HCM Result LOS A 1 1
Total 1 1

Source: survey result, 2024



This table helps to compare the sidewalk conditions of various segments using two different
evaluation methods. FRANKO segment is rated as LOS D by the HCM method and LOS E by
the Australian PLOS Method, indicating that this segment has poor pedestrian conditions
according to both methods, with the Australian method rating it even lower. Mebrathayil
segment receives a consistent rating of LOS D by both methods, indicating poor pedestrian
conditions. 04 kebele - Mariam church segment is rated as LOS C by both methods, showing
a moderate level of pedestrian service. Bole segment is rated the highest with LOS A by the
HCM method and LOS B by the Australian method, suggesting good to very good pedestrian
conditions. The cross tabulation highlights inconsistencies and consistencies between the HCM
and Australian PLOS methods in assessing sidewalk conditions. The Bole Segment stands out
with the best ratings, while Franko and Mebrathayil Segments indicate areas needing

significant improvement.

4.4.4. Discussion
The pedestrian level of service (PLOS) results for the Franko and Postabet to Mebrathayil
segments highlight critical issues in pedestrian infrastructure and safety. According to PLOS
result on Table 4-30, the Franko segment sidewalk received a grade of D, indicating poor
pedestrian conditions. Several factors contribute to this rating, including uneven surfaces,
cracks, and obstacles that create trip hazards, poor lighting that compromises visibility, and
inadequate maintenance that results in deteriorated infrastructure. These conditions severely
affect pedestrian safety and comfort, with hazards like obstructions, insufficient crosswalks,
and inadequate pedestrian signals increasing the risk of accidents. Narrow sidewalks, lack of
shade, and high encroachment levels further reduce the pedestrian experience. Accessibility is
also compromised by physical barriers such as steps, high curbs, and obstructions, which hinder

movement, especially for those with disabilities.

The Postabet to Mebrathayil segment received a grade of E, indicating an unsuitable and among
the worst-rated walking environments. The sidewalks in this area were severely damaged with
large cracks, holes, and other impediments making walking nearly impossible in some areas.
There is likely a near-total absence of crosswalks, pedestrian signals, and protective barriers
between pedestrians and traffic. Insufficient sidewalk width can lead to overcrowding, forcing
pedestrians to walk on the road. All critical service factors, including surface quality, width,
safety features, and amenities, are well below acceptable standards. Harsh environmental

conditions without adequate shelter or greenery further degrade the pedestrian experience.



These conditions have significant implications for public health and safety. Poorly maintained
sidewalks and inadequate safety features heighten the risk of pedestrian accidents and injuries,
while lack of accessibility and comfort can discourage walking, contributing to associated
health problems. These conditions disproportionately affect vulnerable groups such as the
elderly, children, and individuals with disabilities, limiting their mobility and access to

essential services.

The Pedestrian Level of Service (PLOS) results for the 04 Kebele and Bole segments offer key
insights into the quality of pedestrian infrastructure in these areas. The 04 Kebele segment
received a grade of C, indicating a basic but suboptimal sidewalk environment. While generally
walkable, these sidewalks likely have minor cracks, unevenness, occasional obstructions, and
basic but incomplete safety features. Issues such as narrow sidewalks, lack of amenities,
insufficient shade, occasional obstacles, and poorly connected sections compromise
accessibility and pedestrian safety. In contrast, the Bole segment received a grade of B,
reflecting a standard sidewalk environment that meets pedestrian needs. The Bole sidewalks
are mostly smooth, adequately wide, and free of major defects, providing a comfortable
walking experience. Future improvements in the Bole segment aim to enhance pedestrian

comfort by adding amenities such as benches, trash bins, greenery, and shade.

The implications of these PLOS results are significant. In 04 Kebele segment, the basic
conditions mean that pedestrians might still face risks due to uneven surfaces, insufficient
safety features, and occasional obstructions, leading to a poor pedestrian walkability
environment. Vulnerable groups, such as the elderly, children, and individuals with disabilities,
are disproportionately affected, limiting their mobility and access. In contrast, the standard
conditions in Bole promote safer and more comfortable walking, reducing the risk of pedestrian
accidents and encouraging more people to walk. These conditions provide a more equitable

environment, supporting the mobility.

The findings highlight a critical need for investment in pedestrian infrastructure to improve
safety, accessibility, and comfort. Policymakers must prioritize pedestrian-friendly urban
design, incorporating features like wider sidewalks, better lighting, regular maintenance, and
traffic calming measures. Poor sidewalk conditions can decrease the overall liveability of a
neighborhood, making it less attractive for residents and businesses. Efforts to improve
pedestrian infrastructure can foster greater community engagement and a sense of ownership

among residents. Addressing these issues is crucial for enhancing safety, accessibility, and



overall quality of life for pedestrians, thereby promoting a more inclusive and liveable urban

environment.



CHAPTER FIVE

5. CONCLUSION AND RECOMMENDATIONS

This chapter provides a comprehensive conclusion of the study and presents recommendations
based on the research findings. The primary objective was to evaluate the impact of sidewalk
physical challenges on pedestrian walkability in Adama City. The conclusions drawn from the
data analysis offer critical insights into the relationship between sidewalk characteristics and
pedestrian behavior, while the recommendations aim to inform policy and urban planning to

enhance pedestrian infrastructure.

5.4. Conclusion
This research aimed to evaluate the impact of sidewalk physical challenges on pedestrian
walkability in Adama City, specifically focusing on selected arterial streets. Examining the
existing condition of the sidewalk helps the study to see what the current issues are related to
the pedestrian walkability as well the users’ preferences and expectations of what elements
contribute to increased levels of enhancing pedestrian comfort of Adama city pedestrian
sidewalk. The outputs of the observed analysis are very clear that the current sidewalk is not
convenient for its users because it’s exposed to challenges such as narrow width, poor surface

quality, presence of obstruction, lack of accessibility feature and street amenity.

Based on the study the sidewalk are exposed to numerous physical challenges, including many
missing sections, numerous obstructions, frequent encroachments, and extensive pavement
cracks. The sidewalk segment also lacked clearly defined pedestrian zones. The sidewalk width
varied significantly, with many sections too narrow to accommodate the high pedestrian
volume at peak hour, and the pavement quality and material differed across the segment, with

some areas paved with asphalt or cobblestones and others remaining unpaved.

The Pedestrian Level of Service (PLOS) results for various street segments offer crucial
insights into the quality and usability of the pedestrian environment. The Franko and postabet
to mebrathayil Street segment's pedestrian level of service (PLOS) analysis highlights critical
issues in its current state. The segments receives a grade of LOS D, indicating overcrowded
sidewalks that make walking uncomfortable and restrict speeds. 04 kebele segment Rated as
LOS C, with an average pedestrian traffic rate of 25.7 pedestrians per meter per minute which
IS somewhat acceptable but has noticeable issues. The Bole Street segment shows the lowest
average pedestrian movement with LOS A It offers wide sidewalks and minimal obstructions,

ensuring high comfort and convenience.



Generally, the common issues across all segments included interruptions in pedestrian
pathways due to physical challenges, narrow sidewalks, lack of pedestrian zoning, and limited
accessibility for wheelchair users. To address these issues, structural repairs are needed to fix
missing sections, cracks, and obstructions. Implementing defined pedestrian zoning can
organize space for various functions, enhancing safety and usability. Improving accessibility

by adding proper ramps, smooth surfaces, and unobstructed tactile paving is crucial.

5.5.  Recommendation
Based on the research findings, it is evident that the current street faces several detrimental
issues. A thoughtfully designed and fully developed street serves as a crucial component of
urban development, not only ensuring accessibility and safety but also fostering vibrant and
attractive urban spaces with economic vitality. The governing executive body has consistently
demonstrated a forward-thinking approach to street corridor development that incorporate
pedestrian  friendly sidewalks and street furniture’s. Therefore, the subsequent

recommendations have been formulated based on these research insights.

5.5.1. Policy recommendation

e Sidewalk Width Standards: Establish clear and enforceable standards for sidewalk
width throughout. These standards should ensure that sidewalks are wide enough to
accommodate pedestrians comfortably, including individuals with disabilities, strollers,
and groups walking together.

e Sidewalk Maintenance Mandates: Implement policies that mandate regular
maintenance of sidewalks by property owners or relevant municipal departments. This
includes repairing cracks, addressing uneven surfaces, removing debris, and ensuring
that sidewalks are free from obstructions.

e Obstruction Management Regulations: Enact regulations to manage and minimize
obstructions on sidewalks. This could include restrictions on street vending in certain
areas, designated zones for temporary structures like food carts, and enforcement
mechanisms to prevent illegal parking or encroachments onto sidewalks.

e Accessible Infrastructure Requirements: Introduce policies requiring all new
infrastructure projects, including road construction and redevelopment initiatives, to
prioritize the creation of accessible sidewalks that adhere to universal design principles.
This ensures that pedestrian infrastructure is inclusive and accessible to all members of

the community.



Public-Private Partnerships: Foster partnerships between municipal authorities and
private stakeholders, such as businesses and property owners, to jointly fund and
implement sidewalk improvement projects. This collaborative approach can leverage
resources and expertise from both sectors to enhance pedestrian walkability across the
city.

Enforcement Mechanisms: Strengthen enforcement mechanisms to ensure compliance
with sidewalk-related regulations. This may involve increasing the number of
enforcement officers dedicated to monitoring sidewalk conditions, issuing citations for

violations, and implementing penalties for non-compliance

5.5.2. Recommendation for Governmental Organization

Concerning the street environment, on the other hand, arrangements such as curb ramps
to help wheel chair users to use the foot way should be made, illegal street vending
must be controlled, blocking streets for private construction works should be punished,
finishing road construction according to the plan must be observed, controlling vehicle
parking on foot paths and other barriers should also be considered; and paths for
animals, people and cars should be differentiated. Concerning zebra crossing, the steep
slope should be avoided, bridges should bear escalators, and speed limit of zebra
crossings should be observed.

Facilitating Regular Sidewalk Maintenance. Establish a systematic schedule for regular
sidewalk maintenance, including tasks such as repairing cracks, smoothing uneven
surfaces, and clearing debris. Assign responsibility for sidewalk upkeep to relevant
municipal departments and ensure adequate funding for maintenance activities.
Launch periodic campaigns to remove obstructions from sidewalks, such as illegally
parked vehicles, street vendors, and overgrown vegetation. Collaborate with law
enforcement agencies, local businesses, and community organizations to coordinate
clean-up efforts and raise awareness about the importance of clear sidewalks for
pedestrian safety.

Prioritize sidewalk expansion projects in areas with high pedestrian traffic or where
sidewalks are narrow or obstructed. Allocate resources for the widening of sidewalks
and the creation of pedestrian-friendly zones, especially in commercial districts, transit
hubs, and residential neighborhoods.

Improve pedestrian crosswalks by installing tactile paving, audible signals, and visual

markings to enhance accessibility and safety for pedestrians, especially those with



visual or mobility impairments. Ensure that crosswalks are well-lit and clearly marked
to improve visibility for both pedestrians and motorists.

e Implement a sidewalk monitoring and reporting system that allows residents to report
sidewalk issues, such as obstructions, damage, or maintenance needs, to the relevant
authorities. Establish a centralized database to track reported issues, prioritize
maintenance requests, and monitor progress on sidewalk improvement projects.

e Collaborate with local businesses to address sidewalk challenges in commercial areas.
Encourage business owners to maintain clear sidewalks in front of their establishments
and provide incentives for compliance, such as tax breaks or marketing opportunities.
Work with business associations and chambers of commerce to promote a culture of
sidewalk stewardship among local businesses.

5.5.3. Design solution for the street segments
On the analysis part sidewalk condition have been identified among the main reasons made
difficulty to pedestrian by hindering access across the network. Therefore, it is important that
sidewalks are constructed and maintained correctly. This bring design solution to create
accessible and comfortable sidewalk environment that enhance and improve disabled walking
desire. In new developed construction, the commitment to create sidewalk corridor that meets
the needs of all pedestrians that involve disabilities should be made during the planning stage.
Generally, different design intervention are involved based local and international standards

and guidelines.

The zone system should be used to determine the width of sidewalk corridor and to ensure that
obstacles such as trash cans or utility poles, are not limit pedestrian access. The four zones

within sidewalk corridor:

1. Curb zone

2. Planter/ furniture zone
3. Pedestrian zone
4

Frontage zone

The width of sidewalk corridor determined by the width of planter/ furniture, pedestrian and
frontage zones. The size of curb zone is generally constant through all international and local
standards. So that, based on the above zoning system recommended width of sidewalk for the
study area regarding its pedestrian density flow and disability consideration about 4.1m which

exceeds the minimum recommended effective width by 1.7m.
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Figure 5-1: pedestrian zone design of sidewalk

Curb zone

The curb zone is first 15cm of the sidewalk corridor immediately adjacent to the drive way. It
is an integral part with drainage system and prevent excess water from collecting in the
sidewalk corridor. The curb zone also discourages motor from driving into sidewalk corridor
and used by people with vision impairment to identify the border between sidewalk corridor

and the roadway.

Pedestrian zone: The pedestrian zone an area of sidewalk corridor that is specifically reserved
for pedestrian travel. It ought to be free of obstacle, overhanging objects and vertical barriers
because they can be hazardous to pedestrians, particularly for individuals with visual
impairments. The following design components of sidewalks are considered in pedestrian zone

design. It’s minimum of 2m in order to hold two wheelchair users comfortably at a time.
Planter or furniture zone

The planter/ furniture zone lies between the curb and pedestrian zone and intended to housing
utility, such as traffic poles and fire hydrant and pedestrian amenity such as benches and bus
shelter. The purpose of this zone is to ensure that the pedestrian zone will be free of obstacles.

It has minimam width of 1.5m
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Pedestnan zone

-

Figure 5-2: pedestrian and planting zone (Author design)

Proposed street and sidewalk

Zebra Crossing

_______ Bus stop

Figure 5-3: proposed sidewalk and street design (source: Author)
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Proposed pavement

Surfaces should be firm, slip-resistant in wet and dry conditions and should not be made of
reflective material. Dished channels (for drainage) should not be incorporated within pedestrian
routes. Surfaces should be pedestrian friendly, providing a layout that complements the
surrounding environment which does not disadvantage any user groups. Any unevenness of
pavement can cause problems for some wheelchair users and some visually impaired cane
users. The Joints between flags and pavers should not be less than 2mm and not more than

5mm.

Tactile paving: - Tactile paving should be used on access routes to provide warning and
guidance to blind and partially sighted people. Layouts of all pedestrian areas should be simple,
logical and consistent. This enabled disabled to memorize the environments that they used

frequently and forecast and understand environments that they are meeting for the first time.

Blister surfaces: - Blister paving slabs are used to indicate a pedestrian crossing facility. This
type of surface consists of parallel rows of flat-topped blisters 5mm (£0.5mm) high, 25mm in

diameter.

Figure 5-4: pavement design
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Curb ramp: The curb ramps are used at every curb cuts and crossing wheelchair users
comfortable and accessible to the sidewalk. The sidewalk cross slope is about 2% and curb

ramp has maximum 8.3% gradient down walking area with tactile pavement to visually
impaired.
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Figure 5-5: Curb ramp design

89



References
ADA. (2010). Americans with Disabilities Act Standards for Accessible Design.

Agarwal, A., & Chakravarti, D. (2014). Universal Accessiblity Guidelines for Pedestrian, Non-
motorized Vehicle and Public Transport Infrastructure. Samarthyam.

Athanasios, G., George, B., & Nikolaos, E. (2016). Pedestrian Road Safety in Relation to Urban
Road Type and Traffic Flow. Science Direct.

Charles V. Zegeer; Laura Sandt; Margaret Scully. (2006). How to Develop a Pedestrian Safety

Action Plan.

Christopher Kost, Naomi Mwaura, Advait Jani, Christopher Van Eyken. (2015). Streets for
walking & cycling: Designing for safety, accessibility, and comfort in African cities.
UN-HABITAT.

Crabb, M. (2002). Access for All: Tactile Paving Surfaces. Royal National Institute of Blind
People (RNIB).

Dr. Tom V.Mathew. (2014). Transportation System Engineering.

Dr.-Ing. Dirk Boenke; Dipl.-Ing. Benjamin Schreck. (2014). Improved Crossing Facilities
Design for the Elderly and Persons with Disabilities.

Eunyoung Choi. (2012). Walkability as an Urban Design Problem.

Federal Highway Administration. (2010). Designing Sidewalks and Trails for Access Part Il
of 11: Best Practices Design Guide.

Federal of Canadian Municipality and National Research Council. (2004). SIDEWALK
DESIGN, CONSTRUCTION, AND MAINTENANCE. Toronto.

Federation of Canadian manucipalities and National research council. (2004). Sidewalk,

Construction and Maintenance.
FHWA. (2013). Accessible Pedestrian Signals and Intersection Safety.

Frederick, S., & Kent, B. (2007). PLANNING AND URBAN DESIGN STANDARD Student
edition. Hoboken, New Jersey: JOHN WILEY & SONS, INC.

Gehl, J. (2010). Cities forPeople. Island Press.



Gokeen Firdevs Yucel. (2013). Street Furniture and Amenities:Designing the User-Oriented

Urban Landscape. In Advances in Landscape Architecture.

Harkey, D., & Zegeer, C. (2004). Pedestrian Facilities Users Guide: Providing Safety and
Mobility. Report FHWA-RD-01-102. Federal Highway Administration .

Highways Agency. (2010). Highways Agency DDA Compliance Programme. California.

Indian Roads Congress. (2012). Guideline for pedestrian facilities(first revision). New Delhi:

Indian Roads Congress.

Institute of Public Works Engineering Australasia. (2020). STREET DESIGN MANUAL.:
Walkable neighnorhood. Queensland (IPWEAQ, The Institute).

ITE. (2010). Designing Walkable Urban Thoroughfares: A Context Sensitive Approach.

Jacobsen, P. (2003). Safety in numbers: more walkers and bicyclists, safer walking and
bicycling. Injury Prevention.

Kara M. Kockelman; Lydia Heard; Young-Jun Kweon. (2001). Sidewalk Cross-Slope Design:
Analysis of Accessibility for Persons with Disabilities (FHWA/TX-03/4171-1).

Landis, B., Vattikuti, V., & Brannick, M. (2001). Real-time human perceptions: Toward a
bicycle level of service. Transportation Research Record: . Transportation Research
Board, (1773), 119-126.

Langen, K. a. (2001). Organ Motion and Its Management. International Journal of Radiation

Oncology Biology Physics.
Litman, T. (2013). Economic value of walkability.

Litman, T. A. (2015). Evaluating Transportation Land Use Impacts: Considering the Impacts,

Benefits and Costs of Different Land Use Development Patterns. Vol. 1.

Lumsdon, L., & Page(Eds), S. (2004). Tourism and transport: Issues and agenda for the new

millennium. Elsevier.

Marshall, W. (2010). Effect of street network design on walking and biking. Transportation
Research Record, 103-115.

Mitchell, C. (2007). Safe mobility for older and disabled pedestrians. Retrieved from
https://www.researchgate.net/publication/37183524



Nwakaire, C. M., Chuku, D. E., & Udemba, J. N. (2017). The challenges and possible remedies
to poor pedestrian safety considerations along and across Nigerian busy roads.

Medcrave.

NYC Department of City Planning. (2013). Active Design: Shaping the Sidewalk Experience.
City of New York.

Otak. (1997). PEDESTRIAN FACILITIES GUIDEBOOK. Washington State Department of

Transportation.

Paula Alexandra Sepulveda Ferreira Da Silva. (2008). The Importance of Pedestrian Spaces —
The City of Porto.

Paula Manoela dos Santos; Lara Schmitt Caccia; Ariadne Amanda Barbosa Samios;Livia
Zoppas Ferreira. (2017). THE 8 PRINCIPLES OF SIDEWALKS. Santarém/Brazil.

Peter, W. A., Denise, A. C., Dorothy, V. G., Julie, B. K., Patricia, E. L., Camille, L., &
Kathleen, M. W. (1999). Designing Sidewalks and Trails for Access.

Psyridis, J. . (2009). Guidline to Disability Access in the Pedestrian Environment.

Quednau, R. (2018). Why Walkable Streets Are More Economically Productive. Strong Towns
Article.

Rahaman, K. R. (2005). Design and Safety of Pedestrian Facilities in Dhaka City, Bangladesh.

Reid Ewing. (n.d.). PEDESTRIAN ANDTRANSIT-FRIENDLY DESIGN: A Primer for Smart
Growth.

Revised Code of Washington (RCW). (1995). 9.
RNIB. (2011). Tactile Paving: Guidelines and Best Practices. .
Seleta Reynolds. (2005). PEDESTRIAN MASTER PLAN BEST PRACTICES.

Shaaban, k. (2019). Assessing Sidewalk and Corridor Walkability in Developing Countries.

Sustainability.

Shaaban, k. (2019). Assessing Sidewalk and Corridor Walkability in Developing Countries.
Sustainability.

Shaaban, K. (2019). Assessing Sidewalk and Corridor Walkability in developing countries.



Southworth, M. (2005). Designing the walkable city. Journal of Urban Planning and
Development, 246-257.

Street Design Guideline. (2021).
TIA. (2005). Tactile Indicators in Public Transport. Transport Infrastructure Authority.

U.S. Department of Transportation. (2014). STANDARD SPECIFICATIONS FOR
CONSTRUCTION OF ROADS AND BRIDGES ON FEDERAL HIGHWAY
PROJECTS .

Wisconsin. (2010). Wisconsin Guide to Pedestrian Best Practices Chapter 5.

world health organization. (2013). pedestrian safety: A ROAD SAFETY MANUAL FOR
DECISION-MAKERS AND PRACTITIONERS.

World Health Organization. (2013). Pedestrian safety: A road safety manual for decision-

makers and practitioners.

WorldBank. (2005). Non motorized transport in Africa cities:Lessons from experiance in

Kenya and Tanzania. SSATP working paperNo. 80. .

WorldBank. (2005). Non motorized transport in Africa cities:Lessons from experiance in

Kenya and Tanzania, SSATP working paperNo. 80.

Zakaria, J., & Ujang, N. (2015). Comfort of Walking in the City Center of Kuala Lumpur.
Procedia - Social and Behavioral Sciences. doi:doi:10.1016/j.sbspro.2015.01.066



Appendex A: Questionnaire for pedestrian

Research title: Evaluating the Impact of Sidewalk Physical Challenges on Pedestrian
Walkability in adama city: The case of selected arterial Streets

Dear respondent,

| am inviting you to participate in this research by completing the following survey. The aim of
this research is to investigate the physical challenges of urban pedestrian sidewalk in Adama city.
The following questionnaire will require approximately 5-8 minutes to complete. The collected
data will remain confidential and used solely for academic purposes. Thank you very much for
taking your time and complete the survey!

Sincerely,

Tesfaye Regasa, final year postgraduate student of urban planning and design program.

Email: tesfayeregasa@gmail.com

Pedestrian perception survey questionnaire the case of Adama
city

Direction: Thick one among the choice provided for choose questions, mark in the box, and

elaborate your feelings for open-ended questions.

Part I: Respondent personal information
1. Gender: |:| Male |:| Female

2. Age: |:| Less than 15 D 15-35 |:| 36-65 D Over 65
3. Do you struggle to walk because of a physical disability? D Yes D No
4. If yes what your disability status? |:| Visually impaired D Hearing impaired
|:| wheelchair/crunch user |:| Chronic health problem
5. Occupation: |:| Student |:| Self- employed |:| Civil servant |:| NGO s |:|ob seeker
|:| Other
6. Monthly income: [ ] < 500br [ ]500-2000br [ _]2000 -5000br [ looo - 10000br [_T10000br

7. Residence location:

PART 2: Pedestrian Behavior and Patterns



mailto:tesfayeregasa@gmail.com

1. Do you prefer walking as a primary mode of transportation? [ ] Yes [] No

2. What is your purpose on this trip?
[] Going to Work [ 1 For Shopping [ ] Going to School [ ] Health []
D visit D For Entertainment Others
3. How often do you use this sidewalk?
D. First time D A few time a month D A few times a week D Every day
|:| More than once a day

4. Where did you start your walking trip?

5. How long did it take walking from there to here? min

6. Where will you complete your trip?

7. How long will it take from here to there? min
8. Are you feeling happy with the time you take to complete your trip? |:| Yes |:| No
9. What time of a day do you take long time to reach your destination? (Local time)

[] 2:00-5:00am[ ] 5:00-700am [ ] 7:00-11:00 am[ ] 11:00am - 1:00pm
10. What activities on the sidewalk most obstruct your ability to walk?lj |:|
|_.__| Food selling on the street D Bicycling on the sidewalk |:| Street retailing
[ ]  Vehicles parking on the sidewalk |:| shoe shiner [[] wood work on the sidewalk

11. How much do you feel comfortable walking down this sidewalk with street vendors around?

D Uncomfortable |:|slightly uncomfortable D comfortable |ZIVery comfortable
12. What time of a day do you feel unsafe and in secured to reach your destination?

Why?

[ ] Morning [ ] Mid-day [ ] Night



PART 3: Assessment of Sidewalk Physical Conditions.

Please rate the following aspects of the sidewalks along arterial streets in Adama city on a scale of
1to 5, where 1 represents "Very Poor", 2 represent “poor”, 3 represent “Fair”, 4 represent “Good”

and 5 represents "Excellent."”

Sidewalk aspects Pedestrian perception on the aspects

R.No | (adequacy of Pedestrian space and amenities | 1 2 3 4 5

and the quality condition)

1 Sidewalk Width

2 Surface Quality

3 Presence of Obstacles

4 Accessibility Features

5 Street amenities and furniture's

6 Disabled pedestrian infrastructure

Part 4: Investigation of Specific Challenges Faced by Pedestrians

Please indicate your level of agreement or disagreement with the following statements on a scale
of 1 to 5, where 1 represents "Strongly Disagree”, 2 represents “Disagree", 3 represents "Neutral",

4 represents "Agree" and 5 represents "Strongly Agree."

Pedestrian perception

R.No | Specific Challenges Faced by Pedestrians 1 (2 |3 |4 |5

1 | often face conflicts with vehicular traffic while walking on
arterial streets.

2 The space for walking on sidewalks is insufficient.

3 The infrastructure for pedestrians is inadequate




Part 5: Analysis of Effects on Pedestrian Behavior

Please answer the following questions based on your experiences while walking on arterial streets

in Adama city.

13. How would you describe your typical walking patterns and comfort along the sidewalk?
14. Do you feel safe while walking on sidewalks? Please explain.

15. Overall, how satisfied are you with the walking experience along the sidewalk?

Part 6: Recommendations for Improving Sidewalk Design, Maintenance, and Accessibility

1. Please provide your suggestions for enhancing the walkability of arterial streets in Adama city,
considering factors such as pedestrian safety, comfort, and the promotion of sustainable

transportation options.

Thanks for your advanced support!!!



Appendex B: Questionnaire for Municipality and Experts

Questionnaire for municipality

1. How many pedestrian sidewalks are provided on the arterial streets of Adama city?

2. Does pedestrian safety and accessibility considered in our development? Especially in

constructing street infrastructure?

3. How does your institution consider Pedestrian Level of Service in designing and constructing

urban pedestrian sidewalk?

4. How does disabled considered in road and sidewalk design?

5. What factor and mechanism determine pedestrian travel?

6. What integral policy program need to be recommended?




Appendex C: Site observation checklist

Name of data collector:

Time of survey:

Name of street segment/junction:

Survey direction:

1. Number of legs
Type street linked to the segment/
junction

N

size of splitter Iceland

Width and Height of sidewalk

Length of the sidewalk

ok w

Pavement material

~

Texture of pavement material

8. Location of ramp and detectable texture for
disabled on the sidewalk

9. Location of damaged pavement

10. Number of obstacles on sidewalk

11. Location and type of obstacle

12. Pedestrian count at pick hour (ped/m/min)

13. Sight distance
o Roundabout sight distance

o Crossing sight distance

14. Setback distance and use

15. Number of mid-block crossing

16. Location and size of crossing

17. Crossing distance

18. Crossing time

19. Waiting time at crossing

20. Type, size and location of pedestrian crossing
bridge

21.Number of curb cut

22. Location of curb cut/ramp

23. Location of Change in level on sidewalk (stair,
ramp and steps)

24. Access to building from sidewalk (level entry,
ramp or steps)

25. Number and type of signal equipment

26. Location, height, orientation and symbol of
sign
27. Type, location, height, distance and color of
lighting
28. Number, type and distance of trees and
length of its canopy at different time of a
day
29. Location and type street furniture
30. Location and type of street furniture for
disabled
31. Alignment of utility lines on Sidewalk

32. Cleanness of walking path(sanitation)

33. Average temperature

34. Average traffic volume at the area
35. Average traffic speed at the area
36. Land use beside the street




Appendex D: pedestrian count table

Day’s

pedestrian Random count in 15 min

Sidewalk effective
width(m)

Morning

Night

Average

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday
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Appendex E: Checklist of sidewalk indicator collected at every 60m distance

section

Name of segment:

Specific location of the 60m section:

Indicator

Measurements

Values

Width

Width in Meter

Obstructions

Number of obstruction

Continuity

No sidewalk along the segment
Missing some sections
Missing few sections

Physical Condition

Many cracks/break
Some cracks/break
Few cracks/break
No cracks/break

Encroachments

Number of encroachment

Cleanliness

Large amount of litter
Some litter

Small amount of litter
No litter

Slope

Cannot be used by a wheelchair
Steep/ uncomfortable

Few steep section

Comfortable

Shade Trees

Number of trees

Buffer Zone

Width in meter
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