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ABSTARCT 

Pedestrianslare the mostlvulnerable population of roadlusers because theirlmovement is 

restricted to the physical boundary of walkways and sidewalks. Therefore, it is necessary 

to assess the walkability of the pedestrian networks and consider pedestrians’ needs when 

designing transportation facilities to motivate walking in safe, accessible, and pleasant 

environments. Walking*is*one of*the most important*travel modes*in Indian urban*and 

suburban areas. However, pedestrian concerns are nearly always neglected in transportation 

planning, construction, *management. As efforts*to make*more environmentally*friendly 

facilities increasing, *pedestrians are*getting more and*more attention. 

 

 Though there are different ways to measure walking conditions of sidewalks, the most 

common approach is calculating pedestrian level-of-service. 

 

However, qualitative factors that strongly influence the pedestrian perception and 

experience are not addressed in standard level-of-service calculation (Jaskiewicz,2000). 

The assessment methods should not be limited to data collection and measurement which 

can be easily satisfied quantitatively, but it also should reflect the qualitative walking 

experience of the pedestrian (Singh & Jain, 2011). 

 

In this research, twenty-four street sections have been selected in Panchkula, Haryana. For 

each pedestrian segment, the level-of-service (LOS) has been calculated individually by 

using the Highway Capacity Manual (HCM) 2010 & INDO-HCM 2017. In addition to the 

quantitative research, pedestrians on the segments were surveyed in order to assess the 

qualitative factors. A questionnaire sheet was created and Responders were requested to 

record their perceptions on the ease of walking on the sidewalks. 

 

The pedestrians perception of comfort and safety while walking on sidewalks is 

comprehensively studied by the evaluating from the survey data. From the Various Surveys 

performed it was statedlthatlexistence oflsidewalks onlboth sides, linfrastructure, 

lprotection againstltolweather, andletc. had anlimportantleffect on easelinlwalking. 
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Tolencourage algreater modallshift towards walkinglonlthe streets, Firstly, itlislimportant 

tolunderstand andlevaluatelwalkability andlwalkinglconcepts. While walkability 

assessmentlstudies mainlyldeal withlperception and builtlenvironmentlaspects, 

engineeringlstudieslfocused on evaluating pedestrianllevel of servicel (PLOS) basedlon 

flowland infrastructurelcapacity measures. PLOS evaluationslfor Panchkula walkwayslare 

performedlusing HighwaylCapacitylManuall (HCM) 2010, Indo-HCM 2017, 

whichlresulted inlcontradicting ratings. Comparisonlof the resultslrevealed insightslabout 

thelstrength andlweaknesses ofleach method, andlled to a series oflrecommendations 

tolimprove walkabilitylassessments, whichlwas thelmain goal oflthislstudy. At the end, the 

results of both methods were analyzed to compare how quantitative measurements can 

differ from peoples’ real-world experiences. Comparing and contrasting the results revealed 

that the quantitative results for pedestrian LOS are one level higher than the qualitative 

results in most selected pedestrian segments in Panchkula. Further various 

recommendations have been suggested in order to enhance the LOS of a corridor based on 

Best Practices from across the world. A small re-design of sidewalk has also been done for 

2031. This Research work is an attempt to enhance the Understanding & Evaluation of 

PLOS for an Urban area in a developing country like India. 

  



v 

 

TABLE OF CONTENTS 

DECLARATION ................................................................................................................. i 

ACKNOWLEDGEMENT ................................................................................................. ii 

ABSTARCT ....................................................................................................................... iii 

TABLE OF CONTENTS .................................................................................................. v 

LIST OF FIGURES ......................................................................................................... vii 

LIST OF TABLES ............................................................................................................. x 

CHAPTER 1 ....................................................................................................................... 1 

INTRODUCTION .............................................................................................................. 1 

1.1 GENERAL ................................................................................................................. 1 

1.2 PERCENTAGE SHARE OF PEDESTRIAN AT GLOBAL AND INDIA LEVEL . 4 

1.3 MODAL SHARE OF PEDESTRIAN IN INDIAN CITIES ..................................... 5 

1.4 STATEMENT OF THE PROBLEM ......................................................................... 6 

1.5 NEED OF STUDY .................................................................................................... 6 

1.6 OBJECTIVES OF STUDY ........................................................................................ 7 

1.7 LAYOUT OF THESIS .............................................................................................. 7 

CHAPTER 2 ....................................................................................................................... 9 

LITERATURE REVIEW ................................................................................................. 9 

2.1 RESEARCH PUBLICATIONS ................................................................................. 9 

2.2 GOVERNMENT POLICY BASED GUIDELINES (INDIA) ................................ 19 

CHAPTER 3 ..................................................................................................................... 21 

STUDY AREA & METHODOLOGY ........................................................................... 21 

3.1 ABOUT PANCHKULA .......................................................................................... 21 

3.2 STUDY METHODOLOGY .................................................................................... 28 

3.3 DATA COLLECTION ............................................................................................ 30 

3.3.1 SAMPLE SIZE DETERMINATION ............................................................... 32 

CHAPTER 4 ..................................................................................................................... 33 

RESULTS OF CURRENT SCENARIO ........................................................................ 33 



vi 

 

4.1 PEDESTRIAN PERCEPTIONS RESULTS ........................................................... 33 

4.2 INVENTORY RESULTS ........................................................................................ 41 

4.3 VOLUME RESULTS .............................................................................................. 46 

CHAPTER 5 ..................................................................................................................... 62 

5.1 Level of Service Concept (LOS) .............................................................................. 62 

5.1.1 Level of Service A ............................................................................................ 62 
5.1.2 Level of Service B ............................................................................................ 63 
5.1.3 Level of Service C ............................................................................................ 63 
5.1.4 Level of Service D ............................................................................................ 64 
5.1.5 Level of Service E ............................................................................................. 65 

5.1.6 Level of Service F ............................................................................................. 65 

5.2 EVALUATION OF THE LOS BY HCM 2010 ...................................................... 66 

CHAPTER 6 ..................................................................................................................... 74 

EVALUATION OF LOS BY INDO-HCM 2017 ........................................................... 74 

CHAPTER 7 ..................................................................................................................... 79 

QUALITATIVE ASSESSMENT OF PEDESTRIAN FACILITY BY PLOS 

METHOD ......................................................................................................................... 79 

CHAPTER 8 ..................................................................................................................... 90 

8.1 COMPARISON OF RESULTS OF LOS VALUES ............................................... 90 

8.2 REDESIGN OF SIDEWALK .................................................................................. 93 

CHAPTER 9 ..................................................................................................................... 96 

RECOMMENDATIONS ................................................................................................. 96 

CHAPTER 10 ................................................................................................................. 106 

10.1 CONCLUSION .................................................................................................... 106 

10.2 SCOPE FOR FUTURE WORK ........................................................................... 107 

REFERENCES ............................................................................................................... 108 

ANNEXURE-I ................................................................................................................ 110 

ANNEXURE-II .............................................................................................................. 112 

ANNEXURE-III ............................................................................................................. 114 

 



vii 

 

 

LIST OF FIGURES 

Figure 2.1 Comparison of Rolling Gap behaviour from surveys ......................................... 9 

Figure 2.2 Types of Pedestrian Crossing Facilities. .......................................................... 10 

Figure 2.3 Variation of Pedestrian Crossing Speeds at study area. ................................... 11 

Figure 2.4 Average gaps for males and females. ............................................................... 11 

Figure 2.5 Illustration shows 3 scenarios of the study ....................................................... 12 

Figure 2.6 Comparison of 18 Methods by Eleftherios Sdoukopoulos ............................... 13 

Figure 2.7 Data summary sheet for signalized crosswalks ................................................ 15 

Figure 3.1 Map Showing all the Districts of Haryana and the location of Panchkula which 

is Located at the North of Haryana ............................................................................. 21 

Figure 3.2 Map showing area covered by Panchkula and the important places like Chandi-

Mandir Cantonment and Suketri ................................................................................. 21 

Figure 3.3 Satellite Map showing the Green Cover all around the City ............................ 22 

Figure 3.4 Map Showing Major Roads & Places of Panchkula ........................................ 22 

Figure 3.5 Map Showing all the twenty-four Selected Locations ..................................... 27 

Figure 3.6 A Flowchart to explain the methodology ......................................................... 29 

Figure 3.7 Methodologies of Data Collection Flowchart .................................................. 31 

Figure 4.1 Age Group Distribution .................................................................................... 34 

Figure 4.2 Gender Distribution .......................................................................................... 34 

Figure 4.3 Monthly Income of Respondents ...................................................................... 34 

Figure 4.4 Profession of Respondents ............................................................................... 34 

Figure 4.5 Travel Frequency of Respondents .................................................................... 35 

Figure 4.6 Frequency of Trips in a Day ............................................................................. 35 

Figure 4.7 Trip Purpose ..................................................................................................... 35 

Figure 4.8 Distance of Walk Trip ...................................................................................... 35 

Figure 4.9 Pedestrians Perception on Walking a Convenient Mode ................................. 36 

Figure 4.10 Pedestrians Perception on Feeling Safe at Day time ...................................... 36 

Figure 4.11 Pedestrian Perception on Feeling Safe at Night ............................................. 37 

Figure 4.12 Reason for not Walking on the Sidewalks ..................................................... 37 

Figure 4.13 Pedestrians Perception on Feeling risky while Walking ................................ 37 



viii 

 

Figure 4.14 Pedestrian Perception on Feeling on Crossing the Road ................................ 37 

Figure 4.15 Experience Rating .......................................................................................... 38 

Figure 4.16 Response Rating of Pedestrians for Importance of Various Sidewalk 

Attributes .................................................................................................................... 39 

Figure 4.17 Response Rating of Pedestrians for Satisfaction on Various Sidewalk 

Attributes .................................................................................................................... 40 

Figure 4.18 Morning Pedestrian Volume Peak Hours (Upstream) at Location 1 .............. 46 

Figure 4.19 Evening Pedestrian Volume Peak Hours (Upstream) at Location 1 .............. 46 

Figure 4.20 Morning Pedestrian Volume Peak Hours (Downstream) at Location 1 ......... 47 

Figure 4.21 Evening Pedestrian Volume Peak Hour (Downstream) at Location 1 ........... 47 

Figure 4.22 Morning Pedestrian Volume Peak Hours (Upstream) at Location 2 .............. 48 

Figure 4.23 Evening Pedestrian Volume Peak Hours (Upstream) at Location 2 .............. 49 

Figure 4.24 Morning Pedestrian Volume Peak Hours (Downstream) at Location 2 ......... 49 

Figure 4.25 Evening Pedestrian Volume Peak Hour (Downstream) at Location 2 ........... 49 

Figure 4.26 Morning Pedestrian Volume Peak Hours (Upstream) at Location 3 .............. 50 

Figure 4.27 Evening Pedestrian Volume Peak Hours (Upstream) at Location 3 .............. 51 

Figure 4.28 Morning Pedestrian Volume Peak Hours (Downstream) at Location 3 ......... 51 

Figure 4.29 Evening Pedestrian Volume Peak Hour (Downstream) at Location 3 ........... 51 

Figure 4.30 Morning Pedestrian Volume Peak Hours (Upstream) at Location 4 .............. 52 

Figure 4.31 Evening Pedestrian Volume Peak Hours (Upstream) at Location 4 .............. 53 

Figure 4.32 Morning Pedestrian Volume Peak Hours (Downstream) at Location 4 ......... 53 

Figure 4.33 Evening Pedestrian Volume Peak Hour (Downstream) at Location 4 ........... 53 

Figure 4.34 Morning Pedestrian Volume Peak Hours (Upstream) at Location 5 .............. 54 

Figure 4.35 Evening Pedestrian Volume Peak Hours (Upstream) at Location 5 .............. 55 

Figure 4.36 Morning Pedestrian Volume Peak Hours (Downstream) at Location 5 ......... 55 

Figure 4.37 Evening Pedestrian Volume Peak Hour (Downstream) at Location 5 ........... 55 

Figure 4.38 Morning Pedestrian Volume Peak Hours (Upstream) at Location 6 .............. 56 

Figure 4.39 Evening Pedestrian Volume Peak Hours (Upstream) at Location 6 .............. 56 

Figure 4.40 Morning Pedestrian Volume Peak Hours (Downstream) at Location 6 ......... 57 

Figure 4.41 Evening Pedestrian Volume Peak Hour (Downstream) at Location 6 ........... 57 

Figure 4.42 Morning Pedestrian Volume Peak Hours (Upstream) at Location 7 .............. 58 



ix 

 

Figure 4.43 Evening Pedestrian Volume Peak Hours (Upstream) at Location 7 .............. 58 

Figure 4.44 Morning Pedestrian Volume Peak Hours (Downstream) at Location 7 ......... 59 

Figure 4.45 Evening Pedestrian Volume Peak Hour (Downstream) at Location 7 ........... 59 

Figure 5.1 Pedestrian LOS A According to HCM ............................................................. 63 

Figure 5.2 Pedestrian LOS B According to HCM ............................................................. 63 

Figure 5.3 Pedestrian LOS C According to HCM ............................................................. 64 

Figure 5.4 Pedestrian LOS D According to HCM ............................................................. 64 

Figure 5.5 Pedestrian LOS E According to HCM ............................................................. 65 

Figure 5.6 Pedestrian LOS F According to HCM .............................................................. 65 

Figure 5.7 Flowchart explaining the Step-by Step Procedure to evaluate LOS by HCM 

2010 ............................................................................................................................ 67 

Figure 5.8 Figure Showing Effective Width of Sidewalk .................................................. 69 

Figure 6.1 Flowchart Explaining Step by Step Procedure to evaluate LOS ...................... 75 

Figure 7.1 Dimensions of Pedestrian Level of Service ...................................................... 80 

Figure 8.1 Satellite Map of Sector-7 Market Road Highlighting the Sidewalk ................. 93 

Figure 9.1 Showing Speed Limit for Vehicles ................................................................... 97 

Figure 9.2 Showing Wider Carriageway Width ................................................................ 97 

Figure 9.3 Showing Pedestrian Refuge .............................................................................. 98 

Figure 9.4 Showing Faded Marking Conditions ................................................................ 99 

Figure 9.5 Showing Ideal Crosswalk Marking Condition ................................................. 99 

Figure 9.6 Showing Texture of Crosswalk Surface ......................................................... 100 

Figure 9.7 Showing Rainbow Shade Crosswalk Surface................................................. 100 

Figure 9.8 Showing ideal lightning condition at crosswalk ............................................. 101 

Figure 9.9 Showing walking environment adjacent to sidewalks .................................... 102 

Figure 9.10 Showing the landscaping near the residential area ....................................... 102 

Figure 9.11 Showing How to Make the Pedestrian Walking Area More Attractive ....... 103 

Figure 9.12 Showing the roadway Geometry and pedestrians crossing .......................... 103 

Figure 9.13 Showing Pedestrians crossing by Signal ...................................................... 104 

Figure 9.14 Showing Encroachments on Sidewalks ........................................................ 105 

Figure 9.15 Showing Vendor Shops on Sidewalks .......................................................... 105 

 



x 

 

LIST OF TABLES 

Table 1.1 Modal Share in Indian Cities ............................................................................... 5 

Table 2.1 Summary of Previous Qualitative Pedestrian Level of Service (PLOS) studies 16 

Table 2.2 Factors considered for the study and its summary ............................................. 17 

Table 3.1 List of all the Selected Locations & Reason for their Selection ........................ 23 

Table 4.1 Pedestrian Elements Observed in The Pedestrian Area ..................................... 41 

Table 4.2 Summary of all the Selected Location and Their Max 15-min Peak Pedestrian 

Count .......................................................................................................................... 60 

Table 5.1 Average flow LOS criteria for sidewalks. ......................................................... 68 

Table 5.2 Results of seven selected locations .................................................................... 72 

Table 6.1 PLOS determination in relation to various land uses ........................................ 74 

Table 6.2 Results LOS on the basis of various land uses .................................................. 77 

Table 7.1 PLOS scores and Level of Improvement needed ............................................... 82 

Table 7.2 Results on the basis of the walkability index ..................................................... 84 

Table 8.1 Comparisons of LOS on the bases of HCM, INDO-HCM and Walkability 

Scores .......................................................................................................................... 90 

Table 8.2 Redesign of Sector 7 Market Road Sidewalk .................................................... 95 

 

 

 

 

  



1 

 

CHAPTER 1 

INTRODUCTION 

1.1 GENERAL 

Pedestrian form a very important component of our Transportation System. Walking is a 

full- ledged mode which is non-motorized, sustainable, promote good health, zero fuel 

consumption, zero pollution. Walking becomes anlimportant partlof urbanltransport in 

manyllarge citieslin developedlcountries, lbut mostlpeople inldeveloping countrieslprefer 

driving andlriding thanlwalking. Weatherlconditions (heat, ldust, and airlpollution), 

sidewalklconditions, andldistance ofla triplare amonglmany reasonslunfavorably affecting 

theldecision tolwalk. Pedestrians are an inseparable part of transport system. 

 

However, analyzing and simulating pedestrians' behavior is a complex phenomenon 

compared to vehicular movement. Generally, lsidewalk characteristicslin developing 

countrieslare differentlcompared with thoselin developedlcountries. Forlinstance, mostlof 

sidewalklobstructions commonlylfound inldeveloped countrieslare utilityltools, suchlas 

telephonelboxes, post boxes, billboards, lsheltersletc. Inldeveloping countries, however, on 

streetlvendors existlas obstructionlalong thelsidewalk, whichlare commonlylfound in 

commerciallarea. Streetlvendors commonlyloccupy spacelinside thelsidewalk width. 

Reductionlin totallwidth duelto vendor'slexistence leadslto obstructionslforlpedestrian 

movements. Encroachments like this need to be removed. 

 

The term “pedestrian” refers to someone who is standing, sitting, and walking on a road; or 

a walking facility on foot; or in any mobility device that hasn’t been designed to surpass a 

speed of 10 kph. Provision of walking facilities can satisfy psychological, physiological and 

social needs of travellers on foot (Rastogi, R. et al. 2014). 

 

The Shimlalroad usersland pedestriansl (PubliclSafetyland Convenience) lAct, l2007. 

Received thelassent oflthe President on the 13th February, 2008. Anlact tolrestore the 

sanctitylof thelShimla MalllRoad bylpreventinglits uselas althoroughfare and tolprovide for 
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regulationlof vehicularltraffic inlthelinterest oflpublic safetyland conveniencelon thelsealed 

and restrictedlroads oflShimla townlto preventlannoyance andlinjury tolpedestrians andlto 

provide forlmatters connectedltherewith orlincidentallthereto. 

 

Right to walk is further proposed to be included in one of the fundamental rights as per a 

petition filed in the High Court of Punjab and Haryana. Choosingltolmove onlfoot—to 

work, lschool, orlthe marketlshould belsafe andleasy for urbanlresidents. Yetlcity streets 

arelincreasingly beinglbuilt forlhigh-speed, personallvehicles, with hazardouslintersections 

andlnarrowlor non-existent sidewalks. Inlmanylcities, simplylgetting anywherelby footlhas 

becomela dangerous: lthousands oflpedestrians arelkilled onlthelworld’s roadsleach week. 

Pedestrians, lwheelchairlusers, lchildren, andlthe elderlyldeserve thelright tolwalklsafely 

and comfortablylto theirldestinations. Reshapinglour citieslto encouragelwalking islpartlof 

buildingla sustainablelfuture, andlavoiding thelhighlcosts tolbuild andlmaintainlurban 

highways. lBuilding betterlspaces forlwalking savesllives, emissions, landlpromotes urban 

equity. 

 

Accordingltolthe Centres forlDisease Control and Prevention (CDC), lMore thanl145 

millionladults nowlinclude walkinglaslpart oflalphysically activellifestyle. Morelthan 6lin 

10lpeople walklfor transportation orlforlfun, relaxation, lorlexercise, orlforlactivities such 

aslwalking theldog. Thelpercentage oflpeople wholreport walkinglat leastlonce forl10 

minutes orlmore inlthe previouslweek roselfroml56% in 2005 tol62% in 2010 (CDC, 2012). 

Physicallactivity helpslcontrol weight, butlitlhas otherlbenefits. Physicallactivity suchlas 

walking canlhelplimprove healthleven withoutlweight loss. Peoplelwho arelphysically 

activellive longerland havela lower risklfor heartldisease, stroke, typel2ldiabetes, 

depression, land somelcancers. Improvinglspaces and havinglsafe placesltolwalk canlhelp 

more peoplelbecome physicallylactive. Aerobiclactivities likelbrisk walking, lrunning, 

swimmingland bicyclinglmake youlbreathe harderland makelyour heartland bloodlvessels 

healthier. 

Designing communities thatlare more walkable, mixed-use, and compact will add more 

physical activity into our daily routines and promote healthier lifestyles. 
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Furthermore, pedestrianized environments are a common approach to reduce carbon 

footprints in cities because walking is a zero-carbon activity and involves zero costs. 

Recently, redevelopment of urban areas has moved toward sustainability and building 

walkable environments to release less pollution into the air. 

 

Walking is the most desirable mode of transportation in sustainable communities. It is 

prudent to consider pedestrian friendly designs for urban streets that promote walking. This 

doesn’t occur unless decision makers and engineers plan and build safer and more pleasant 

urban sidewalks which could help the pedestrians to feel more comfortable when walking 

than driving. 

 

Walking should not be limited only to young people, but also should be treated as beneficial 

physical exercise for the senior citizens, disabled and young children. Providing safe and 

comfortable walkable facilities inspire different ages with different levels of abilities to 

walk. Quality of walking conditions defines the walkability of a facility. 

 

Growing motorizationlhas alsolled tolaldramatic increaselin thelpedestrian fatalitiesland 

accidents, land highllevels oflair pollutionlparticularly exposinglpedestrians wholwalk to 

accesslpublic transportlto reach theirldestinations. According tolstatistics providedlby the 

Ministrylof RoadlTransport &lHighways, Government oflIndia, thelannual ratelof growth 

oflmotor vehicle population inlIndia haslbeen increase aboutl10 percent duringlthellast 

decade. Inlcontrast tolthelmore global perspectivelof walkability, engineerslhave used old 

measurement techniqueslin anlattempt to establishlsome quantitative assessmentlof what 

might constitutela friendly walking environmentlin termslof pedestrianlcomfort and 

measures oflcongestion. 

 

ThelWHOl (2009) studylthat examines policies aroundlthelworld relatedltolroad safety 

suggestslthat: Our roadslare particularlylunsafe forlpedestrians, motorcyclistsland cyclists 

who, lwithout their protectivelshell oflalcar aroundlthem, arelmore dangerous. Theselroad 

users needltolbelgiven increasedlattention. Measures suchlaslbuilding sidewalks, lseparate 

lanes forltwolwheelers; reducingldrink-driving, raised crossings and excessivelspeed; 
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increasinglthe useloflhelmets andlimproving traumalcare centre are some oflthe intervening 

places thatlcouldlsave hundreds oflthousands ofllives everylyear. While progresslhaslbeen 

made for protectinglpeople inlcars, lthe needslof theselvulnerable groupslof roadlusers are 

notlbeinglmet. In 2013, 185 million vehicles were playing on Indian roads. 

 

In India traffic is mostly heterogeneous inlnature comprisinglof vehicles ofldifferent 

characteristics. lAll categories oflvehiclesluse thelsamelspace orlany laterallposition oflthe 

roadlbased onlthe availabilityloflthe space atlthat instant withoutlany discipline. lUnder 

these heterogeneous trafficlconditions pedestrianslare losinglthe space. lThe various 

pedestrian’s facilities suchlaslsidewalks, medians providelthe segregationlof pedestrian 

trafficlfrom otherlvehicular traffic. lThese facilities provide increased safety from 

pedestrian pointloflview. Thelservices providedlby theselfacilities mustlbe improvedlfor 

betterltransportation planning. InlIndia, urban population increases exponentiallylas the 

thrust tollivelinlcities and urbanlareas increasing. Thelurban populationloflIndia is 377 

million, whichlisl31% of theltotal population. Urbanizationlis going onlat anlexponential 

rate, solbetter facilitieslare to belprovided atlthe beginninglstage. 

1.2 PERCENTAGE SHARE OF PEDESTRIAN AT GLOBAL AND INDIA LEVEL  

Morelthanl270,000 pedestriansllost theirllives onlthe world’slroads inl2013, accountinglfor 

22%lofltheltotal 1.24lmillion roadltraffic deaths. lIn 2013, alpedestrian waslkilled everyl2 

h and injuredlevery 8lmin inltraffic crashes onlanlaverage inlUSA. Pedestrianldeaths 

accountedlfor 14%lof allltraffic fatalitieslinlroad accidents. Thislshare wasl23% inl2014lin 

the UK. lInlIndia, 8.8%lof totallroad accidentlfatalities inl2014 haslbeen reported tolbe 

pedestrians. Althoughlthe percentage sharelisllower comparedlto otherlcountries, thelactual 

numberlof pedestrian fatalitieslwasl12,291. This islequivalent tollosingla fullylloaded 

Boeing 777laircraft everylweek. InlIndia, uponlclassifying thelroadlaccident fatalities 

according thelplace ofloccurrence, itlwaslfound thatl10.3% oflall the road accident fatalities 

tooklplace atlpedestrian crossing locations. lIn USA, l69% oflthelpedestrian fatalities 

occurredlat non-intersection locations, l20% at intersections and 10%latlother locationsllike 

sidewalks andlbicycle lanes. Thelabsence oflpedestrian crossing facilitieslalso leadslto a 

largelnumber oflpedestrian road accidents atlmid-block locations. Inlthe UK, 75%lof 
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pedestrian accidents occurredlwhere pedestrian crossing facilitieslwere not presentlat the 

crossing location. lAccording tolthe data provided bylDepartment of Transport, UK, 

pedestrians have the secondlhighest fatalitylrate (deaths perlbillion passengerlmiles) after 

motorcyclistslamong all otherlroad users. Tolprevent suchlcrashes and ensurelsafe pedestrian 

crossinglmovements, appropriatelfacilities shouldlbe provided atlcrossing locations. (U Jain, R 

Rastogi, 2016) 

1.3 MODAL SHARE OF PEDESTRIAN IN INDIAN CITIES 

Pedestrians facilities & Infrastructure are very improper and lacking in developing countries 

like India because of which the Quality & LOS are going down and is a big discourage for 

the pedestrians. Walking is a mode of transport which is commonly used for short trips. 

Walking mode provides the fundamental interface between the various types of land-use 

and other transport modes. Pedestrians are more flexible than vehicular traffic. Ministry of 

Urban Development Report (MoUD, 2008) has remarked out that the walk mode share is 

declining and is projected to decline further over the next 20 years; particularly in cities 

having less than 2 million populations. Pedestrian fatality share at the national level is 9.5 

% (MORT&H, 2015). The modal share of pedestrians across seven Indian cities is given in 

Table 1.1 (MoUD, 2008). (Source: INDO-HCM 2017) 

Table 1.1 Modal Share in Indian Cities 

Description Modal Share by Walk (%) 

< 5 lakhlPopulation, PlainlTerrain 34l 

< 5 lakhlPopulation, HillylTerrain 57l 

5-10llakh Population 32l 

10-20llakh Population 24l 

20-40llakh Population 25l 

40-80llakh Population 25l 

>80 lakhlPopulation 22l 

(Source: INDO-HCM 2017) 
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1.4 STATEMENT OF THE PROBLEM 

Although, urbanization brings opportunities of jobs and affluent life style but it has its 

drawbacks as well. Even pedestrian facilities arelnotlspared fromlthe ill effects of 

urbanization, due to which the operating condition of road deteriorates with each passing 

day. Today various problems such as speed limitation, increasedlcongestion, increase travel 

timeland poor levelloflservice are being faced by on the road networks. The requirement of 

the pedestrian, like the need of the motor vehicles, is prerequisite in designing transportation 

facilities. Their safety, comfort, convenience and mobility should be kept well in mind. 

 

Alnational level reviewlhaslshown thatlnearly 60lpercent ofldeaths andlinjuries onlnational 

highwayslare among pedestrians andlhospital-based studieslindicate that pedestrianldeath 

varieslfrom 22% to 35% and population-based studiesloflroad deathslarelamong 

pedestrians. Although it is impossible to ascertain thelprecise numberlof pedestrians injured 

andlkilled, however it islestimated tolbe around 40000 deathslannually inlIndia. lCollision 

withlheavy vehicles and mid-sizedlvehicles results in higher death. 

 

Pedestrianslare onelof thelmajor commuters onlIndian urbanlstreets. InlIndia mostly 

pedestrianslare neglectedlin transportation planning and management. So, aslthe 

pedestrians are increasing daylbylday solbetter facilities needlto belprovided. Aslthere 

arelno provisions forlIndian conditions andlthe models developedlfor urbanlconditions 

inlwestern countries arelnotlaltrue representative aslthe conditions prevailing areldifferent. 

Studylon pedestrian needltolbeldone tolprovide betterlfacilities tolpedestrian inlIndia. 

Pedestrian Level of service is oneloflthe indicatives which represents qualityloflgiven 

intersection inlterms of perceived safety, convenience and comfortlin termslof pedestrian 

perspective. 

1.5 NEED OF STUDY 

Due to the above discussed issues faced by the Pedestrians in Developing Countries, a need 

arises to study, evaluate & enhance the metrics that govern the Pedestrian Behavior. The 

Pedestrian LOS is one such parameter which breaks down the speed, density, volume & 
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Capacity values of a pedestrian stream. Once these Parameters are evaluated, further study 

can be done to enhance the metrics. So, there isla needlto evaluate the Level oflService 

criteria of pedestrians forlthe betterment & the safety of Pedestrians. 

1.6 OBJECTIVES OF STUDY 

1. Evaluation of Pedestrian Walkability Parameters to assess the current scenario in 

Panchkula city. 

2. To Calculate PLOS for the Selected Locations as per Highway Capacity Manual 

(HCM-2010) for the Panchkula City based on Geometric Design. 

3. To Calculate PLOS for the Selected Locations as per INDO-HCM 2017 for the 

Panchkula City based on Geometric Design. 

4. To Evaluate the Walkability Scores based on PLOS model using metrices from 

Pedestrian Perception responses. 

5. Comparison of Results with respect to Methodologies and results obtained from the 

current study and Redesigning the Problematic Segment 

6. Sidewalk Redesign & Recommendations for Enhancing Level of service on Urban 

roads. 

1.7 LAYOUT OF THESIS 

The thesis is planned into ten chapters. Thelfirstlchapter introduces the topic, defines the 

problem, explains the need of the study, provides the objectives of the present work study 

area. In the second chapter presents the review of literature on pedestrian level of service 

analysis and. The third chapter is about the study area and the methodology dealing with it 

and the data collection technique. Fourth Chapter presents the walkability parameters of the 

current scenario including all the figures of the pedestrian response on the qualitative 

questionnaire survey and also the Pilot and volume survey details. The fifth chapter presents 

the level of service concepts & the detailed procedure for evaluation of the Pedestrian LOS 

for the off-street Pedestrian and the analysis of the results with the help of HCM 2010. The 

sixth chapter presents detailed procedure for the evaluation of the Pedestrian LOS for the 

selected locations with the help of INDO-HCM 2017. The seventh chapter presents the 

procedure for the evaluation of the Walkability Scores based on the PLOS Model using the 
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response of the Pedestrian Perceptions and further evaluating the PLOS Scores and the 

LOS. The eighth chapter presents summary of the research work, Comparisons of the 

Results. The Ninth chapter deals with the Policy Recommendation. The Tenth Chapter deals 

with the Conclusion and future scope in this research area. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 RESEARCH PUBLICATIONS 

1. Kodavanti V.R. Ravishankar et al. (2017). Studied the risk of pedestrian’s safety at 

uncontrolled midblock and unsignalized intersections. They conducted a video graphic 

study to further extract data and study parameters like crossing time of pedestrians, speed, 

different stages of crossing, number of interruptions while crossing and also the type of 

vehicle for which the pedestrians accept the gap. The results reveal a correlation between 

the size of the vehicle and the gap acceptance by the pedestrian and crossing behavior of 

the pedestrian. Also, based on gender Male pedestrians were found to take more risk than 

the female pedestrian while crossing the unsignalized intersections.  

 

Figure 2.1 Comparison of Rolling Gap behaviour from surveys 

Figure 2.1 Shows a comparison of the results of rolling gap behavior across different age 

brackets from the questionnaire-based survey and the video graphic survey. As can be seen 

in the most cases it is matching the video graphic result but in the case of young and middle-

aged pedestrians the risk-taking tendency is way more than reported.  
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2. Pelin Onelcin et al. (2017) tried to optimize the signal timings in accordance with the 

pedestrians crossing speeds and delays. They also explored the pedestrian perception on 

safety.  

Pedestrians are the vulnerable part of the road users worldwide. Their study was carried out 

at signalized intersections in Izmir, Turkey. They selected several intersections for the study 

where pedestrian density was high. The peak hours were identified as afternoon peak 

(12.30-13.30) and evening peak (17.00-18.00) hours using video-based survey. The mean 

crossing speed was found to be 1.31 m/s & the average 15th percentile crossing speed was 

found to be 1.07 m/s. 

 

3. Jain Udit & Rastogi Rajat (2016) published a review paper on pedestrian crossing 

warrants from across the world.  Pedestrian Crossing Warrants or PCW’s help in identifying 

the type of facility to be provided at a location to make sure pedestrians have an ease of 

walking in that area. The following figure shows all types of pedestrian crossing facilities 

in a classified manner. 

 

Figure 2.2 Types of Pedestrian Crossing Facilities. 

Based on the comprehensive literature review done by these authors, there was one thing 

that merged in the conclusions. In India, very old systems of PCW were being followed. 

Further, in developing countries like India and Iran very limited research has been done on 

the Pedestrian Crossing Warrants. 
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4. Jain, Akash, et al. (2014), they analyzed the provision of enhancement in the pedestrian 

facilities with the help of a study conducted in Roorkee city. The effect of pedestrian age, 

gender, luggage, crossing patterns were examined on pedestrian flow characteristics. In the 

figure below, as can be seen is the variation of pedestrian walking speed on various location 

in Roorkee city. 

 

Figure 2.3 Variation of Pedestrian Crossing Speeds at study area. 

Also, the following figure shows the average values of gap accepted across various age 

groups for both the genders. The average gap values are shown in terms of safety margins 

(seconds) and in average time gap (seconds) 

 

Figure 2.4 Average gaps for males and females. 

 

5. Sheng Jin et al. (2013) studied the vehicle pedestrian interaction at the crosswalk in three 

scenarios as shown in figure below. First Scenario represents the vehicle j as the nearest 

upstream vehicle from the stop line. The second Scenario shows thaat the pedestrian is 

crossing the crosswalk and the virtual vehicle is assumed to be on the road while the 
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pedestrain is crossing so vehicle j will have to wait till virtual vehicle gets moving or till 

when the pedestrian completes the crossing of the crosswalk. Third scenario is when the 

vehicle j notices the pedestrians on the sidewalk waiting to cross the road and the waiting 

angle of these pedestrians is used to model the lateral discomfort.  

 

Figure 2.5 Illustration shows 3 scenarios of the study 

The result of this study showed that there was significant delay to the pedestrian as well as 

the vehicle in the case of vehicle pedestrian interaction and further such interaction reduced 

the traffic capacity drastically. 

 

6. Eleftherios Sdoukopoulos (2011) did a study to assess the Pedestrian Level of Service 

methodologies followed worldwide and compared them for the Greek city Thessaloniki. He 

compared around 18 methods from across the world. The summary of all these methods are 

as given below. 
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Figure 2.6 Comparison of 18 Methods by Eleftherios Sdoukopoulos 

He further compared these methods based on their components and separate locations. For 

Greek cities till then they were following the HCM 2000 method. They concluded that LOS 

values will vary with variation in the method and also, the methods that take into 

consideration mainly the qualitative parameters reported a lower LOS when compared to 

the quantitative methods. The author suggested to develop a new model for calculating LOS 

in the Greek Environment. 

 

7. Johanna Eidmann et al. (2011) They did a study for walkability of the North Adams 

area of Massachusetts. They used the Rubric’s method to do a quantitative ranking of the 

neighborhoods. Separate Rubrics were used for commercial and residential streets. Apart 

from this field notes, inventory observations, questionnaire-based interviews with 

community users and pedestrian surveys were used to study the walkability of the area. 

Most of the streets nearer to downtown ranked well were pleasant to walk on, with complete 

and unharmed sidewalks, well-marked crosswalks, and grass-buffers separating the 

pedestrian from the rest of the street. However, the sections farther from downtown scored 
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poorly, mainly due to sidewalks that were either absent or in poor condition. These streets 

hampered the overall neighborhood connectivity and dissuade their residents from walking. 

 

8. Inger Marie Bernhoft et al. (2008) studied the preferences of senior pedestrians which 

revealed that the senior pedestrians were appreciative of the pedestrian infrastructure such 

as the pedestrian crossing, cycle paths, signalized pedestrian intersections etc. They felt 

highly unsafe while crossing the street in the absence of these facilities. They also insisted 

on a pavement surface on their pedestrian route instead of a fast passage. These differences 

between the behaviors of the older users and the younger users were mainly due to their 

health condition and activity levels. 

 

9. Zhenzhong Cui and Nambisan, Shashi (2003) studied the spatial as well as the 

temporal characteristics of the midblock pedestrian crashes, which they also names as 

MBPC’s. They studied all possible combinations of time and places where these crashes 

could occur. All existing databases pertaining to crashes were used. They also studied all 

relevant geometric characteristics of roadways along with the study of pedestrian and driver 

behavior patterns. The results expressed a lower possibility of conflict if the pedestrian 

chooses to cross at an intersection as compared to a midblock location.  

 

10. V.P. Sisiopiku et al. (2003) conducted an observational study of pedestrian behaviors 

at various urban crosswalks in Michigan USA along with a pedestrian user survey next to 

a university campus. The various facilities studied by them included signalized and 

unsignalized intersection crosswalks, physical barriers like landscaping and vegetation, 

unsignalized marked and non-striped midblock crosswalks, midblock crosswalk shelters, 

coloured paving at medians and curbs, and pedestrian warning signs. Videography study 

was done to record pedestrian movement. Majority of the users were willing to cross the 

road over a midblock crosswalk which was unsignalized. The location of the crosswalk, 

with respect to the origin and destination of the pedestrian was a major factor influencing 

the choice of pedestrian. Pedestrians also stated that if proper traffic control would be placed 

in the scene, they shall have more motivation to cross road. The other important feedback 

was the presence of natural vegetation barrier in terms of bushes and hedges and concrete 
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wall coming in the way of their vision to cross was observed. In low traffic conditions the 

passengers were less likely to comply with the signal indications for pedestrians and would 

rather prefer to cross the road through unsignalized midblock locations. The pedestrian’s 

quality and convenience were understood by their jaywalking behaviors. Also, they would 

discourage use of unnecessary warning signals placed at the midblock and also mentioned 

that motorized vehicles gave very less priority to their presence on the crossings. To counter 

this, they suggested revising of the pedestrian intervals during heavy traffic conditions.  

 

Figure 2.7 Data summary sheet for signalized crosswalks 

(Source: V.P. Sisiopiku et al., 2003). 

 

 

Figure 2.7 shows the summary of data collected at the signalized crosswalks. This research 

consolidated the relevance of survey-based results as the results were very much in 

accordance with the movement data extracted from video graphic survey. 
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Bivina et al. (2018) They Studied Qualitative Pedestrian Level of Service is given in the 

Table 2.1 from 1993 to 2016. The Table illustrates the methods used by various authors and 

the factors considered for the study. Followed by The Factors considered for the study and 

their description is given below in Table 2.2 

 

Table 2.1 Summary of Previous Qualitative Pedestrian Level of Service (PLOS) 

studies 

Author Methods 
Factors considered 

 

Sarkar (1993) 
Scoring 

System 

Convenience, comfort, safety, security, continuity, 

system coherence and attractiveness 

Khisty (1994) 
Scoring 

System 

Comfort, convenience, continuity, attractiveness, system 

coherence, safety, security 

Dixon (1996) 
Scoring 

System 

Path conflicts, amenities, motor vehicle LOS, 

maintenance problems, provision of basic facilities and 

provision for multiple modes. 

Landis et.al. 

(2001) 

Ordinary 

Least 

Regression 

Lateral separation factors, traffic volume, speed of the 

vehicle, driveway access frequency and volume 

 

Gallin (2001) 
Scoring 

System 

Sidewalk width, sidewalk surface, comfort, walk 

environment, lpotential for vehiclel conflict, crossing 

facilities andlpedestrian volume, 

Muraleetharan 

et.al. l (2005) 

Ordinaryl 

Least 

Regression 

Sidewalk width & separation, pedestrian volume, flow 

rate and bicycle events 

 

Jaskiewicz 

(2005) 

Scoring 

System 

Enclosure, lComplexity of lPath Network, Building 

Articulation, Complexitylof Spaces, Overhangs, Buffer, 

Shade lTrees, lTransparency, lPhysical 

Components/Conditionl 
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Jensen (2007) 

Cumulative 

Logit 

Model 

Sidewalk width, walking environment, pedestrian 

volume, parked vehicle, bicycle track width, buffer area 

and landscape 

Parida et.al. 

(2007) 

Scoring 

System 

Footpath width, footpath surface, continuity, comfort, 

safety, encroachment, potential to vehicle conflict, 

crossing facilities, walking environment and pedestrian 

volume. 

Sheikari et.al. 

(2014) 

 

Scoring 

System 

 

Footpath surface, footpath, corner island, width of 

footpath, tactile pavement (guiding), tactile pavement 

(warning), signal, seating area, drinking fountain, curb 

ramp, ramp, grade, signal, bollards, lighting, driveway, 

traffic speed, buffer, traffic lanes, crossing, facilities, 

furniture 

Garcia & Lara 

(2015) 

Scoring 

System 
Sidewalk width, sidewalk surface, walking distance 

Aghaabbasi 

et. al. (2016) 

Scoring 

System 

Sidewalk width, sidewalk surface, ramps, tactile 

pavements, utilities and landscape 

(Source: Bivina et.al, 2018) 

Table 2.2 Factors considered for the study and its summary 

Factors Description 

Sidewalkl 

surface 
 

Sidewalk surfacelis definedlas thelfloorlon whichlalperson walks in 

the pedestrian environment. Sidewalklsurface types often determine 

how difficult an area is to negotiate. Anlaccessible sidewalk surface 

shouldlbe firm, stable, slip-resistant andlfree fromlcracks andlbumps.  

Sidewalk 

Width 

 

Thelsidewalk’s width not only affect pedestrian serviceability, but also 

determines the types of access and other pedestrian elements that can 

be installed. Pedestrian travel tendencies also affect the width of 

sidewalks. Sidewalks should be sufficiently wide so that pedestrians 

can walk and separate themselves from road traffic and avoid street 

furniture, obstructions and also other pedestrians.  
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Obstructions 

 

The obstruction can be anything or in any form like garbage bin, 

hoardings, trees or electric pole present on the sidewalk. The sidewalk 

should be such that the comfort of pedestrian should not be affected by 

any obstructions.  

Potential for 

vehicle 

conflict 

 

Sometimes pedestrians on sidewalks are prone to vehicle conflict if 

sidewalks are unseparated or not having any guard rails. Grade-

separated facilities or raised footpath are facilities that segregate 

pedestrians from motor vehicles. They can significantly reduce 

pedestrian-vehicle conflicts and potential collisions.  

Continuity 

 

A continuous sidewalk are those sidewalks that don’t have any frequent 

up and downs throughout. Sidewalks should be continuous to provide 

comfort while walking, especially for disabled pedestrians and old age 

ones. Discontinuous sidewalks can make them uncomfortable and can 

drive pedestrians to walk on the carriageway.  

Encroachment 

 

Encroachments are the structures, objects or merchandise that comes 

along the sidewalk. Presence of encroachment can affect the comfort 

level of pedestrians while using sidewalks. The extent of encroachment 

should be limited to a certain level that doesn’t affect accessibility of 

pedestrians to footpath.  

Availabilitylof 

crossing 

facilities 

 

Zebra crossings, pedestrianlbridges, underpass, etc. are the common 

types of crossing facilities. Enough crossings facilities along sidewalks 

should be available that allow pedestrians and motor vehicles to cross 

safely.  

Securityl 

 

The feelinglof being safelandlsecure is oneloflthe important factors 

governing the decision tolwalk. Pedestrians shouldlfeel safe duringlany 

time oflthelday. Safety and security can be ensured by providing 

adequatelstreet lighting, police patrolling duringlthe nightltime, etc.  

Comfortl 

 

Pedestrianlneeds to be protectedl from harshl weather and 

environmentall conditions. lThe trees can act as a protective shield, but 

they can also act as obstructions if they are planted unplanned. 
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Facilities like chair/benches and rest rooms are other provisions that 

can add comfort to pedestrians.  

Walk 

Environment 

 

Walking should always be a pleasant experience. Walking environment 

is governed by the surrounding and the condition of sidewalks. 

Therefore, sidewalks should be clean and free from garbage.  

(Source: Bivina et.al, 2018) 

2.2 GOVERNMENT POLICY BASED GUIDELINES (INDIA) 

1. NRSP, National Road Safety Policy (2018) 

In 2018, the government of India had formulated a National Road Safety Policy, according 

to which the safety of vulnerable road users shall be considered important. Pedestrians are 

considered as vulnerable road users, since their cognitive skills to react to complex traffic 

situation are not fully developed. Further, the design and construction of all road spaces and 

movement areas (rural and urban) will be done keeping in mind their safety. 

 

2. Road safety audit (IRC SP 88- 2010) a manual of Road Safety Audit by Indian Road 

Congress has suggested some principles for Road design to make the road safer for road 

user as well as for pedestrian. Vehicles parked on sidewalk affect the safety of Pedestrian. 

Pedestrian should be segregated from the vehicles as pedestrian are significant group of 

vulnerable road users, therefore they should be given detailed attention for their safety. 

Certain guidelines are given related to crossing, junction, road width, curve, road signs, and 

Parking space.  

 

3. Indo-HCM some guidelines are given related to pedestrian facilities which should be 

considered to make a safe pedestrian environment. According to Indo-HCM the minimum 

space required for a pedestrian to walk freely on road is 0.35m x0.51m (total area of 0.18m2) 

without baggage and with baggage it is 0.52m x 0.51m (0.26m2). Different crossing 

facilities are mention for pedestrian safety such as zebra crossing, signalized crossing, 

pelican crossing, puffin crossing, and toucan crossing. Stairways can also be use were ever 

necessary to reduce the conflict between the vehicles and the pedestrian while crossing.  
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4. IRC 103-2012 “Guidelines for Pedestrian facilities” the Indian Road Congress has 

given guideline related to improvement to make a safer environment for the Pedestrian. The 

minimum width of the footpath at various locations depending upon the land use. These 

guidelines cover engineering design and planning aspects of pedestrians’ facilities on road 

sides and at road crossing in urban and semi-urban areas. Pedestrian facilities at special 

location like school, parking and transit areas are also covered. These guidelines are framed 

to serve the objectives of universal accessibility and social equity for sustainable 

transportation. 
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CHAPTER 3 

STUDY AREA & METHODOLOGY 

3.1 ABOUT PANCHKULA 

Panchkula is a District of State Haryana having the population of 561,293 of which 261,614 

were Female and 299,679 were Male (Census,2011). It has an Area of 898 Sq.km. Itlis 

aroundl4 kml (2.4 miles) lsoutheast oflChandigarh andl259 km (162lmiles) upper east of 

NewlDelhi, lthe Indianlcapital. It has mixed use land uses such as Residential, Commercial, 

Administrative etc. The city has the Chandi-Mandir Cantonment, the home office oflthe 

Western Commandlof thelIndian Army. 

 

   

Figure 3.1 Map Showing all the Districts of 

Haryana and the location of Panchkula 

which is Located at the North of Haryana 

Figure 3.2 Map showing area covered by 

Panchkula and the important places like 

Chandi-Mandir Cantonment and Suketri 

 

Panchkula is a city with very good Green Cover. It is located at the foot of The Hills of 

Himalaya’s. Some of the tourist attractions of the city are like Pinjore Garden. The City is 

divided into 30 Sectors. The Sectors with Major Commercial, Residential, Industrial and 
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Administrative activity are Sector 1-21. The rest of the Sectors are considered in the 

Panchkula extension area which is not fully developed. 

  

Figure 3.3 Satellite Map showing the Green 

Cover all around the City 

Figure 3.4 Map Showing Major Roads & 

Places of Panchkula 

 

The main roads of the city are taken for the study purpose. The required information of the 

study was gathered through Various Surveys conducted at the main locations in Panchkula, 

considering the locations with highly busy areas, medium busy areas and disserted areas 

criteria. For our study, we have attempted to select roads from different areas of the city 

based on activity levels. The various study locations selected and the reasons for their 

selection arelsummarized in the Table 3.1 given below. 

 

 

 

 

 

 



23 

 

Table 3.1 List of all the Selected Locations & Reason for their Selection 

Sr. 

No. 

CORRIDOR 

NAME 

CORRIDOR 

LOCATION 
REASON FOR SELECTION 

1. 
Indian Express 

Roundabout 

Roundabout 

Connecting Maheshpur 

Rd & Nada Sahib Road 

• Administrative & Institutional type 

land use 

• Medium Pedestrian Density 

• High Vehicle Density 

• Congestion because of vehicles in 

peak hours 

2. Tank Chowk Tank Chowk 

• Major Intersection connecting 

Cantonment area of Panchkula & 

Shimla Highway 

• Medium Pedestrian Density 

• High Vehicle Density 

3. 

Road in front of 

Hansraj Public 

School, Sector-6 

Road in front of 

Hansraj Public School, 

Sector 6 

• Institutional type land use 

• High Pedestrian Density 

• High Vehicle Density in Peak 

hours 

4. 
Sector-6 Market 

Road 

Road opposite Sector-6 

Market 

• Commercial, Residential & 

Recreational type land use 

• High Pedestrian Density in peak 

hours 

• Medium Vehicle Density 

5. 
Nada Sahib 

Road 

Midblock Location 

300m away from Indian 

Express Roundabout 

towards Bella Vista 

Roundabout 

• Administrative & Recreational 

type land use 

• High Pedestrian Density 

• High Vehicle Density 
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6. 

Bella Vista 

Roundabout to 

Bus Stand 

Roundabout 

Bella Vista Roundabout 

to Bus Stand 

Roundabout 

• Administrative type land use 

• Major location is the 5-Star Bella 

Vista Hotel & Head office of 

CBSE Board 

7. Mahespur Road 
Bus Stand & Sector-10 

dividing Road 

• Terminal & Commercial type land 

use 

• High Pedestrian Density 

• High Vehicle Density 

8. 
Sector-7 Market 

Road 

Road opposite Sector-7 

Market 

• Commercial & Institutional type 

land use 

• High Pedestrian Density 

• High Vehicle Density 

• Congestion because of vehicles in 

peak hours 

9. 
Housing Board 

Chowk 
Housing Board Chowk 

• Terminal & Commercial type land 

use 

• High Pedestrian Density 

• High Vehicle Density 

• Congestion because of vehicles in 

peak hours 

10. 
Chandigarh-

Panchkula Road 

Road opposite MDC 

Market 

• Commercial & Recreational type 

land use 

• Low Pedestrian Density 

• Medium Vehicle Density 

11. Mahespur Road 
Sector-9 & Sector-5 

dividing Road 

• Commercial & Recreational type 

land use 

• Low Pedestrian Density 

• Medium Vehicle Density 
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12. 
Sector-9 Market 

Road 

Road opposite Sector 9 

Market & Prachin Shiv 

Mandir 

• Commercial & Residential type 

land use 

• Major benchmark is the Prachin 

Shiv Mandir 

• Medium Pedestrian Density 

• High Vehicle Density 

• Congestion because of vehicles in 

peak hours 

13. Sector-9 Road 

Sector-9 & Sector-16 

dividing Road to Arya 

Samaj Mandir 

• Residential type land use 

• Low Pedestrian Density 

• Low Vehicle Density 

14. 
BEL Factory 

Road 

Sector-9 & Sector-10 

dividing Road to Govt. 

Ayurveda Dispensary 

• Residential type land use 

• Low Pedestrian Density 

• High Vehicle Density 

15. Old Panchkula 
Old Panchkula 

Trisection 

• Terminal type land use 

• Major Intersection of Panchkula as 

it connects to the Shimla Highway 

• Medium Pedestrian Density 

• High Vehicle Density 

16. Majri Chowk Majri Chowk 

• Terminal type land use 

• Major Intersection connecting to 

Morni hills and Nada Sahib 

17. 
District Court 

Panchkula 

District Court 

Panchkula 

• Administrative type land use 

• Medium Pedestrian Density 

• Medium Vehicle Density 

18. 
Rally Chowk to 

11/15 Chowk 

Rally Chowk to 11/15 

Chowk 

• Residential type land use 

• Low Pedestrian Density 
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• Medium Vehicle Density 

19. Sector-15 

Road Covering 

Hallmark Public 

School, Bhavan 

Vidyalya School & 

Market Area 

• Commercial & Institutional type 

land use 

• High Pedestrian Density 

• High Vehicle Density 

• Congestion because of vehicles in 

peak hours 

20. Budanpur Road 
Labour Chowk to 

Agrasen Chowk 

• Commercial and Residential type 

land use 

• Low Pedestrian Density 

• Low Vehicle Density 

21. 

Road Dividing 

Sector-12 & 

Sector-11 

Road Dividing Sector-

12 & Sector-11 

• Residential type land use 

• Low Pedestrian Density 

• Medium Vehicle Density 

22. 

Pashuram 

Chowk to BEL 

Factory 

Intersection 

Pashuram Chowk to 

BEL Factory 

Intersection 

• Industrial area type land use 

• Major Benchmark Bharat 

Electronics Limited (BEL) 

• Medium Pedestrian Density 

• High Vehicle Density 

23. 
Industrial Area 

Road 

Road opposite Nexa, 

Renault till Haryana 

Border 

• Industrial Area type land use 

• Medium Pedestrian density 

• High Vehicle Density 

24. 
Sector-20 

Market Road 

Road opposite Sector-

20 Market 

• Commercial, Institutional & 

Residential type land use 

• High Pedestrian Density 

• High Vehicle Density 
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Figure 3.5 Map Showing all the twenty-four Selected Locations 
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3.2 STUDY METHODOLOGY 

Quantitative and qualitative data was collected from the twenty-four selected location. For 

the collection of this data first of all the attributes need to be finalised which were to be 

considered. Thereafter the finalization of the attributes the design of the data collection 

formats was done, Data collection was done by conducting an Inventory Survey, Volume 

Survey and Pedestrian Perception Survey in Panchkula, Haryana. From the surveys the 

existing scenario was analysed and the attributes such as pedestrian flow rate, count on the 

subject sidewalk on both directions were obtained. Sidewalks attribute measurements 

helped to evaluate quantitative Pedestrian LOS by HCM 2010, INDO-HCM 2017 and the 

PLOS Scores were obtained from the Pedestrian Perception. Comparison of the Results and 

Interpretation were made to identify the issues faced by the pedestrians & 

Recommendations are made w.r.t the results. 
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Figure 3.6 A Flowchart to explain the methodology 

Study Methodology 

Identification of 

attributes required for 

assessment of 

PedestrianlLevel of 

Servicelin UrbanlAreas 

through Literature  

Evaluation of LOS 

by Indo-HCM 2017 

Design of Data 

Collection Formats 

Data Collection 

Inventory 

Survey 

Pedestrian 

Perception 

Survey 

Pedestrian 

Volume count 

Analysis of existing 

scenario 

Interpretation 

Evaluation of LOS 

by HCM 2010 

Comparison of 

Results 

Identification of 

issues 

Recommendations & Enhancement in Urban Area 

PLOS 

Score 
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3.3 DATA COLLECTION 

The first step of determining the applicable extentland standardlof pedestrianlamenities is 

tolevaluate theldemand for facilities. lThe Pedestrian needs are to be analysed like age 

distribution, frequency to trips in a day, Profession of respondents, trip purpose, distance of 

walk trips, etc. The Analysis involve three types of surveys or the data collection technique 

which were the Pilot Survey, Pedestrian Volume Survey and the Pedestrian Perception. The 

Pilot Survey Involves the Current scenario examination of the selected locations, the 

Pedestrian Volume Survey is the manual counting of the pedestrian in the peak hours at 

selected locations which has high pedestrian traffic, & the Pedestrian Perception survey 

involves the perception of pedestrian towards the available facilities and scope of 

improvement in the current scenario.  There are different methods, such as video survey 

and manual count, which can be used to estimate the pedestrian flow rate to obtain the level 

of demand. The following describes the manual data collection process for the twenty-four 

selected street segments in Panchkula. Manual counting is easy to conduct and flexible. 

 

Manual count of pedestrian flow along Seven selected road section in both directions is 

done by using a tally marking sheet. As it wasn’t possible at all to cover all the locations 

for the pedestrian volume survey, so only Seven locations were finalized at which the 

manual volume count survey was conducted. Before starting the manual counts the 

following conditions need to be satisfied. 

The manual count of pedestrian flow needed to occur during the peak time of the day in 

order to represent the actual demand. Panchkula is a popular place, but to represent the real 

demand, the activity took place at morning peak hours i.e. 7.30am – 9.30am and evening 

peak at 5.30pm – 7.30pm based on the City traffic engineer’s suggestion. The count for 

each segment continued for two hours. The hourly pedestrian flow rate on the subject 

sidewalk was calculated using a ratio of the fifteen-minute frame from the manual count of 

pedestrian flow rate. 

 

Other components that needed to be considered are: day of the week, month of the year. 

The occurrence of special events, early closing, and school holidays were avoided per HCM 

suggestion.  
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The survey locations also needed to be thoughtfully chosen in order to depict the overall 

existing demand. The selection of pedestrian segments to be considered for the study area 

was carefully chosen to include a variety of facilities.  

 

Figure 3.7 Methodologies of Data Collection Flowchart 
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3.3.1 SAMPLE SIZE DETERMINATION 

For data collection we targeted a sample size of 385, the targeted data is calculated by using 

the sample size calculation for large population. 

The sample size is calculating as: 

Since Delhi has a population of 561,293 and 

Taking a margin of error (e) as 5% and standard deviation (p) 50% and 95% confidence 

level (z-scorelfor 95%lconfidence levellisl1.96) we calculatelthe sample size by the formula 

Samplelsize= [z2 * p (1-p)] / e2 

Calculation: 

Sample size= [(1.96)2 * 0.5(1-0.5)] / (0.05)2 

On calculating we get 

Sample size= 383.89 

 

As per the sample size determination, 384 respondents could justify the data sample. 

Further, we have collected 440 responses from Pedestrians across 24 locations in Panchkula 

City.  
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CHAPTER 4 

RESULTS OF CURRENT SCENARIO 

4.1 PEDESTRIAN PERCEPTIONS RESULTS 

A questionnaire was developed to determine sidewalk performance. The questionnaire 

consisted of thirty-one items in different sections to understand the quality of the facility 

based on pedestrian’s experience (see questionnaire in Annexure II). The questions have 

been designed to assess pedestrians’ perceptions in areas of Sidewalk Surface, Sidewalk 

width, obstructions, encroachment, safety, comfort, walk environment, etc. The first section 

of the questionnaire focuses on characteristics of trips, such as the trip purpose, frequency, 

etc. The second part evaluates the pedestrians’ experience about safety and comfort on the 

subject sidewalks by asking questions about street lightings, amount of shade, landscape, 

street furniture etc. The third section of the questionnaire evaluates the existing condition 

and accessibility of the facility that pedestrians were experiencing at that moment. It also 

evaluated and rate their overall experience of walking in Panchkula. 

This questionnaire has been designed to assess pedestrians’ comfort level as most 

of the qualitative PLOS studies used questionnaires and direct observations to get estimates 

on pedestrians’ perception of the sidewalks condition. Therefore, twenty-four sidewalk 

segments have been selected for this pilot survey. It’s important to note that this informal 

pedestrian questionnaire is a main factor of this study. The questionnaire started with a brief 

and friendly conversation about the key role that this survey and its result would play for 

this project. Then, adult pedestrians randomly were asked to take the survey to convey their 

experience about that specific sidewalk they were walking at the moment and their overall 

experience walking in Panchkula. At least, 10 people per segment answered the 

questionnaire. 

As mentioned previously, the questionnaire survey was used to collect the 

qualitative data. The interview was conducted over the course of 6 hours from 12:00 to 6:00 

p.m. a day. Four Hundred and Forty respondents in total from both genders and different 

age groups filled out the survey. Out of which 185(42%) women and 255(58%) men 
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responded. The following results were obtained and analysed after the total data collection 

which are given below: 

  

Figure 4.1 Age Group Distribution Figure 4.2 Gender Distribution  

From figure 4.1 it can be observed that maximum no. of respondents was of 20-29 age 

group and from figure 4.2 about 42 percent were females and 58 percent were males. 

  

Figure 4.3 Monthly Income of Respondents Figure 4.4 Profession of Respondents 
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The average monthly income of the respondents was 15001-35000 but the major share was 

30 percent which included students and housewives which were not earning (from figure 

4.3). About 30 percent of the pedestrians reported to be working (from figure 4.4). 

  

Figure 4.5 Travel Frequency of 

Respondents 

Figure 4.6 Frequency of Trips in a Day 

At the subjected locations the majority of pedestrians came daily i.e. around 63 percent 

people came daily and around 77 percent had a frequency of once in a day i.e. they choose 

the selected route once a round trip day which can be observed from figure 4.5 and figure 

4.6 

  

Figure 4.7 Trip Purpose Figure 4.8 Distance of Walk Trip 
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Around 25 percent of the pedestrians visited for office work and 30 percent for any of their 

personal work. Maximum (64 percent) people prefer to walk for a distance of less than 500 

meter and none of them prefer to walk for a distance more than 1500-2000 meter (from 

figure 4.7 and figure 4.8). 

  

Figure 4.9 Pedestrians Perception on 

Walking a Convenient Mode 

Figure 4.10 Pedestrians Perception on 

Feeling Safe at Day time 

Around 86 percent of the pedestrians think that walking is a convenient mode of travel and 

14 percent of the respondents think it’s not convenient as they prefer to use motorized mode 

(see figure 4.9). About 97 percent of the pedestrians feel safe in the day time (see figure 

4.10) 
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Figure 4.11 Pedestrian Perception on 

Feeling Safe at Night 

Figure 4.12 Reason for not Walking on the 

Sidewalks 

 

When asked about the Safety of the pedestrians at the night time 67lpercent responded 

thatlthey feellsafe at night, but some of the females (33lpercent)lresponded thatlthey do not 

feellsafe in night ( figure 4.11).  

  

Figure 4.13 Pedestrians Perception on 

Feeling risky while Walking 

Figure 4.14 Pedestrian Perception on 
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Around 48 percent of people do not feel risky when walking and 2 percent of the pedestrians 

feel very risky when walking (figure 4.13). Whereas 78 percent of pedestrians almost feel 

safe while crossing the street. ( see figure 4.14). 

 

 

Figure 4.15 Experience Rating 

 Regarding the facilities and amenities provided for the pedestrians less than 5 rating was 

given by 6 percent of the pedestrians and only 8 percent gave 9 rating at selected locations  
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Figure 4.16 Response Rating of Pedestrians for Importance of Various Sidewalk 

Attributes 

   

Service quality evaluation of sidewalks is based on characteristics of sidewalks and its 

walking environment. The response rates of pedestrians on the level of importance for 

various attributes are illustrated in Figure 4.16. Obstruction factor has got very least 

importance among all other factors, that is about 6.4% people rated it as 1, which signifies 

that factor ‘obstruction’ is immaterial for them. Footpath Width has been given very 

important as 49.3% pedestrians find it the most essential factor while walking. The Walking 

Environment has got highest importance rating of 5 (55.2%). ‘Walking Environment’ is the 

factor which pedestrians consider most important for walking on sidewalks.  
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Figure 4.17 Response Rating of Pedestrians for Satisfaction on Various Sidewalk 

Attributes 

Figure 4.17 illustrates the response rating for the level of satisfaction. Majority of 

pedestrians rated the attributes as satisfactory. Therefore, Security & Comfort factor has got 

very least satisfaction rating among all the other factors. It has been noted that satisfaction 

ratings are comparatively low for those factors that got the highest importance. For 

example, factors like ‘security’ and ‘comfort’ have got a maximum poor rating, which 

indicates the absence of security features like lighting, police patrolling etc. along 

sidewalks. So, inlorder tolimprove thelQuality oflService of sidewalks, lsatisfaction rating 

of thelmost important parameters has to be improved which can be possible only by 

implementing suitable improvement strategies for that characteristic of sidewalk. There is 

a possibility that socio-demographic factors like age, gender, income, etc. could influence 

the perceptions of pedestrians. Future researchers can be conducted to explore potential 

perception variances resulting from such socio-demographic differences. 
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4.2 INVENTORY RESULTS 

Table 4.1 Pedestrian Elements Observed in The Pedestrian Area 

STUDY 

AREA 
SIDEWALK CROSSWALK 

DISABILITY 

INFRASTRUCTURE 

PUFFIN 

CROSSING 

TRAFFIC 

CALMING 

MEASURES 

ARE THERE 

ANY GUARD 

POST 

PROVIDED 

TO 

DISCOURAGE 

THE 

PARKING OF 

VEHICLES 

ON 

SIDEWALK 

IS THERE 

A 

SEPARATE 

BICYCLE 

PATH 

PRESENT 

 

IS THERE 

ENOUGH 

SHELTER 

PROVIDED 

FROM SUN 

& RAIN? 

 

TACTILE 

PAVEMENT 

WHEELCHAIR 

RAMP 

Indian 

Express 

Roundabout 

Yes No No No No No No No Yes 

Tank 

Chowk 
No No No No No No No No No 

Road in 

front of 

Hansraj 

Public 

Yes No No No No No No No No 
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School, 

Sector-6 

Sector-6 

Market 

Road 

No No No No No No No No No 

Nada Sahib 

Road 
Yes Yes No No No No No No Yes 

Bella Vista 

Roundabout 

to Bus 

Stand 

Roundabout 

Yes Yes No No No No No No Yes 

Bus Stand 

& Sector-10 

dividing 

Road 

Yes No No No No No No No Yes 

Sector-7 

Market 

Road 

Yes 

 
No No No No No No No No 

Housing 

Board 

Chowk 

Yes No No No No No No No No 
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Chandigarh-

Panchkula 

Road 

Yes Yes No No No No No No Yes 

Sector-9 & 

Sector-5 

dividing 

Road 

Yes No No No No No No No Yes 

Road 

opposite 

Sector 9 

Market & 

Prachin 

Shiv 

Mandir 

No No No No No No No No No 

Sector-9 & 

Sector-16 

dividing 

Road to 

Arya Samaj 

Mandir 

No No No No No No No No Yes 

Sector-9 & 

Sector-10 

dividing 

Road to 

Govt. 

Yes No No No No No No No No 
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Ayurveda  

Dispensary 

Old 

Panchkula 

Trisection 

Yes No No No No No No No No 

Majri 

Chowk 
Yes No No No No No No No Yes 

District 

Court 

Panchkula 

Yes No No No No No No No Yes 

Rally 

Chowk to 

11/15 

Chowk 

Yes Yes No No No No No No Yes 

Road 

Covering 

Hallmark 

Public 

School, 

Bhavan 

Vidyalya 

School & 

Market 

Area 

Yes No No No No No No No No 
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Labour 

Chowk to 

Agrasen 

Chowk 

Yes No No No No No No No No 

Road 

Dividing 

Sector-12 & 

Sector-11 

Yes No No No No No No No Yes 

Pashuram 

Chowk to 

BEL 

Factory 

Intersection 

Industrial 

Area Road 

Yes No No No No No No No No 

Sector-20 

Market 

Road 

Yes Yes No No No No Yes No Yes 
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4.3 VOLUME RESULTS 

1. Road in front of Hansraj Public School 

 

Figure 4.18 Morning Pedestrian Volume Peak Hours (Upstream) at Location 1 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

7.30am-7.45am as due to school area peak timings where some parents also use the 

sidewalk and the street segment for dropping off their children.  

 

Figure 4.19 Evening Pedestrian Volume Peak Hours (Upstream) at Location 1 

250 245

150

50
70

25 30
60

0

50

100

150

200

250

300

N
O

. 
O

F
 P

E
D

E
S

T
R

IA
N

S

TIME

MORNING PEDESTRIAN VOLUME PEAK HOURS 

(UPSTREAM)

35
40

50

25
18

13 12 15

0

10

20

30

40

50

60

N
O

. 
O

F
 P

E
D

E
S

T
R

IA
N

S

TIME

EVENING PEDESTRIAN VOLUME PEAK 

HOURS (UPSTREAM)



47 

 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

6.00pm-6.15pm as due to recreational and residential area as pedestrian come for walk at 

the park located opposite to School area.  

 

Figure 4.20 Morning Pedestrian Volume Peak Hours (Downstream) at Location 1 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

7.30am-7.45am as due to school area peak timings where some parents also use the 

sidewalk and the street segment for dropping off their children.  

 

Figure 4.21 Evening Pedestrian Volume Peak Hour (Downstream) at Location 1 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

6.00pm-6.15pm as due to recreational and residential area as pedestrian come for walk at 

the park located opposite to School area.  

 

 

2. Sector-7 Market Road 

 

Figure 4.22 Morning Pedestrian Volume Peak Hours (Upstream) at Location 2 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am as due to commercial area peak timings where people come for  opening of 

their shops and some came for work purpose 
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Figure 4.23 Evening Pedestrian Volume Peak Hours (Upstream) at Location 2 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

7.00pm-7.15pm which was very high because of people came for shopping and eating at 

food joints purposes 

 

Figure 4.24 Morning Pedestrian Volume Peak Hours (Downstream) at Location 2 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am as due to commercial area peak timings where people come for opening of 

their shops and some came for work purpose 

 

Figure 4.25 Evening Pedestrian Volume Peak Hour (Downstream) at Location 2 

15

25

15

40
35

30

60

75

0

10

20

30

40

50

60

70

80

N
O

. 
O

F
 P

E
D

E
S

T
R

IA
N

S

TIME

MORNING PEDESTRIAN VOLUME PEAK 

HOURS (DOWNSTREAM)

50 45

160
180

203
220

130

95

0

50

100

150

200

250

N
O

. 
O

F
 P

E
D

E
S

T
R

IA
N

S

TIME

EVENING PEDESTRIAN VOLUME PEAK 

HOURS (DOWNSTREAM)



50 

 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

6.45pm-7.00pm which was very high because of people came for shopping and eating at 

food joints purposes 

 

 

3. Chandigarh-Panchkula Road 

 

Figure 4.26 Morning Pedestrian Volume Peak Hours (Upstream) at Location 3 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am which was due to commercial area peak timings where people come for 

opening of their shops and some came for work purpose. 
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Figure 4.27 Evening Pedestrian Volume Peak Hours (Upstream) at Location 3 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

5.30pm-5.45pm which was due to Commercial area people came for Shopping and also for 

watching movies, etc. 

 

Figure 4.28 Morning Pedestrian Volume Peak Hours (Downstream) at Location 3 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.00am-9.15am which was due to commercial area peak timings where people come for 

opening of their shops and some came for work purpose. 

 

Figure 4.29 Evening Pedestrian Volume Peak Hour (Downstream) at Location 3 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

6.30pm-6.45pm which was due to Commercial area people came for Shopping and also for 

watching movies, etc. 

 

 

4. Budanpur Road 

 

Figure 4.30 Morning Pedestrian Volume Peak Hours (Upstream) at Location 4 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.00am-9.15am which was due to Commercial area and Residential area the peak hour is at 

a obvious reason which is people leaving for  their work purposes. 
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Figure 4.31 Evening Pedestrian Volume Peak Hours (Upstream) at Location 4 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

6.45pm-7.00pm which was due to Commercial area and Residential area the peak hour is 

at a obvious reason which is people coming back home from their work purposes. 

 

Figure 4.32 Morning Pedestrian Volume Peak Hours (Downstream) at Location 4 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am which was due to Commercial area and Residential area the peak hour is at 

a obvious reason which is people leaving for their work purposes. 

 

Figure 4.33 Evening Pedestrian Volume Peak Hour (Downstream) at Location 4 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

6.45pm-7.00pm which was due to Commercial area and Residential area the peak hour is 

at a obvious reason which is people coming back home from their work purposes. 

 

 

5. Road Dividing Sector-12 & Sector-11 

 

Figure 4.34 Morning Pedestrian Volume Peak Hours (Upstream) at Location 5 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am. This area does not have much pedestrian count as it is used by pedestrians 

which travel for work purpose or any of the personal purposes. 
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Figure 4.35 Evening Pedestrian Volume Peak Hours (Upstream) at Location 5 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

5.30pm-5.45pm. The people who left for work purposes in the morning were observed 

coming back. 

 

Figure 4.36 Morning Pedestrian Volume Peak Hours (Downstream) at Location 5 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am. This area does not have much pedestrian count as it is used by pedestrians 

which travel for work purpose or any of the personal purposes. 

 

Figure 4.37 Evening Pedestrian Volume Peak Hour (Downstream) at Location 5 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

5.30pm-5.45pm. The people who left for work purposes in the morning were observed 

coming back. 

 

 

6. Nada Sahib Road 

 

Figure 4.38 Morning Pedestrian Volume Peak Hours (Upstream) at Location 6 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am. This area is an administrative type area which had pedestrian count during 

office hours only. 

 

Figure 4.39 Evening Pedestrian Volume Peak Hours (Upstream) at Location 6 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

5.30pm-5.45pm. This area is an administrative type area which had pedestrian count during 

office hours only. 

 

 

Figure 4.40 Morning Pedestrian Volume Peak Hours (Downstream) at Location 6 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am. This area is an administrative type area which had variable pedestrian 

count at some time slots because of recreational area opposite to administrative area 

whereas in the morning people came for walk purposes also. 

 

Figure 4.41 Evening Pedestrian Volume Peak Hour (Downstream) at Location 6 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

5.30pm-5.45pm. This area is an administrative type area which had pedestrian count during 

office hours only. 

 

7. Mahespur Rd 

 

Figure 4.42 Morning Pedestrian Volume Peak Hours (Upstream) at Location 7 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am. This area is a Bus terminal area which had pedestrian count at office hours 

and at institutional hours. 

 

Figure 4.43 Evening Pedestrian Volume Peak Hours (Upstream) at Location 7 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

6.45pm-7.00pm. The people who left for work purposes in the morning were observed 

coming back. 

 

Figure 4.44 Morning Pedestrian Volume Peak Hours (Downstream) at Location 7 

As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

9.15am-9.30am. This area is a Bus terminal area which had pedestrian count at office hours 

and at institutional hours. 

 

Figure 4.45 Evening Pedestrian Volume Peak Hour (Downstream) at Location 7 
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As it can be observed in the figure Max 15-min Pedestrian Peak flow rate is found at time 

5.30pm-5.45pm. The people who left for work purposes in the morning were observed 

coming back. 

Table 4.2 Summary of all the Selected Location and Their Max 15-min Peak 

Pedestrian Count 

Sr. 

No. 

CORRIDOR 

NAME 

CORRIDOR 

LOCATIONS 

MAX 15-MIN 

PEAK 

PEDESTRIAN 

COUNT 

(UPSTREAM) 

MAX 15-MIN 

PEAK 

PEDESTRIAN 

COUNT 

(DOWNSTREAM) 

1. 

Road in front 

of Hansraj 

Public 

School, 

Sector-6 

Road in front of 

Hansraj Public School, 

Sector-6 

250 150 

2. 
Sector-7 

Market Rd 

Road opposite Sector-

7 Market 
430 220 

3. 

Chandigarh-

Panchkula 

Road 

Road opposite MDC 

Market 
180 220 

4. 
Budanpur 

Road 

Labour Chowk to 

Agrasen Chowk 
160 92 

5. 

Road 

Dividing 

Sector-12 & 

Sector-11 

Road Dividing Sector-

12 & Sector-11 
105 73 

6. 

Nada Sahib 

Road 

 

Midblock Location 

300m away from 

Indian Express 

Roundabout towards 

180 97 
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Bella Vista 

Roundabout 

7. 
Mahespur 

Road 

Bus Stand & Sector-10 

dividing Road 
160 280 

As it can be seen from Table 4.2 the Maximum Peak Count was observed at Sector-7 Market 

Road of 430 people in 15-min. Whereas, the Minimum Peak Count was observed for the 

Road Dividing Secotr-12 & Sector-11 at 73 Pedestrians in 15-min  
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CHAPTER 5 

5.1 LEVEL OF SERVICE CONCEPT (LOS)  

 

Thel concept ofl “Level-of-servicel (LOS)” is merely an abstractionlof qualityloflthe 

considered phenomenon atlthelstudy timeland location. Iflitlisltraffic, welare considering, 

LOS showslthe statelof trafficlinla qualitative way. There maylbe some difference inlthe 

LOSltechniques among different regions, butlLOS islgenerally represented byllevels oflA 

throughlF, wherelA shows highllevels of comfortland/or available capacitylwhile Flstand 

for congestionland/or severalldelays in thelsystem. While a LOSlA islthelmost favorable 

conditionlfrom aluser perspective, itlis not the best case from a system manager perspective, 

wholshould focus onlbetter utilization oflthe existing capacitylwith acceptablelnegative 

outcomeslfor thelusers, suchlas inlLOSlC. 

For different traffic flows (vehicular, lpedestrian, lbicycle, ltransit, etc.) ldifferent 

definitions oflLOS arelneeded, basedlonlthe characteristicsland factors affecting such 

flows. Furthermore, forlalgiven mode, suchlas pedestrianlor vehicular, LOS conceptlcan be 

defined basedlon different measures, such aslcapacity usage, ldelay, fluidity oflthe flow, 

etc. As this study focuslon understanding and evaluating PLOS, here, welare going tolfocus 

onlthislconcept and relevantlones neededlin thelassessment oflPLOS, only. 

5.1.1 Level of Service A 

Averagelarealoccupancy per pedestrian is equal to 35 sq. ft. which gives pedestrians the 

opportunity of choosing their own speed freely to avoid slower pedestrian traffic and skip 

to cross conflicts with others (Figure 5.1). The pedestrian volume wouldlbe about 7 

pedestrianslper minutelper footlof the walkways’ width. The example of this type of design 

would be plazas or public buildings with no severe peaking space limitations. 
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Figure 5.1 Pedestrian LOS A According to HCM 

Source: Bloomberg, M. R., & Burden, A. M. (2006, April) 

5.1.2 Level of Service B 

The averagelarea occupancylis inlthelrange ofl25 – 35 sq.lft.lper person and pedestrians 

would be able to choose normallwalking speedlto avoid otherlpedestrians (Figure 5.2). 

Minor conflicts can occur when opposite direction or pedestrian crossing movement 

happens to be there, and will cause a lower pedestrian speed. The pedestrian volume 

wouldlbe aroundl7- 10 pedestrians perlminute perlfoot of walkways’ width. An example of 

thisltype ofldesign wouldlbe transportation terminals and buildingslwhere normally no 

severelpeaks occur. 

 

Figure 5.2 Pedestrian LOS B According to HCM 

Source: Bloomberg, M. R., & Burden, A. M. (2006, April) 

5.1.3 Level of Service C 

The averagelarea occupancylis inlthe rangelofl15 – 25 sq.lftlper pedestrian. lAt thisllevel, 

pedestrians have less freedomlto walk in a speedl that allows to easily bypass other 

pedestrians. At this level of service, to avoid interruption, pedestrians will experience 
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frequent adjustment of speed when pedestrian cross movements and reverse flow occur. 

The designlvolumeslwouldlbe around 10 – 15lpedestrians per minutelperlfoot of walkways’ 

width. Pedestrians walking at this level of service should expect to experience considerable 

amount of frictions and contacts. Example of this typelofldesign wouldlbe public buildings, 

transportation terminalslwith severe peaking and space restrictions (see Figure 5.3). 

 

Figure 5.3 Pedestrian LOS C According to HCM 

Source: Bloomberg, M. R., & Burden, A. M. (2006, April) 

5.1.4 Level of Service D 

The averagelarea occupancy is around 10–15lsq.lft. per pedestrian and most likely the 

majority of pedestrians wouldn’t be able to have a normal walking speed. It would be 

difficult for pedestrians to avoid having conflicts with slower pedestrians. Probability of 

multiple conflicts will increase when pedestrians get involvedlin reverselflow and crossing 

movements. The walkways withlthis levelloflservice would have thelflow rate would be 15 

– 20 pedestrians perlminute perlfootlof walkways’ width. lThe most crowded public areas 

would only represent areas with this level of service (Figure 5.4). 

 
Figure 5.4 Pedestrian LOS D According to HCM 

Source: Bloomberg, M. R., & Burden, A. M. (2006, April) 
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5.1.5 Level of Service E 

Thelaverage area occupancy for thisllevel isl5 – 10 sq. ft. per pedestrian. Almost all 

pedestrians’ normal walking speed would be restricted and required to alter their walking 

speed repeatedly. When the average area occupancy gets close to the bottom of the range, 

shuffling would become the only option to move forward. Pedestrians would struggle to 

attempt reverselflow andlcross flowlmovements. Thelflow rate of 20 – 25 perlminutelper 

footlwidthlof walkwaylis considered to be the fullest possible capacity of the walkway with 

recurrent deterrence and interruptions. The example of this design would be the rail transit 

facilities or stadiums where the short-term crowd of passengers exists (Figure 5.5). 

 
Figure 5.5 Pedestrian LOS E According to HCM 

Source: Bloomberg, M. R., & Burden, A. M. (2006, April) 

5.1.6 Level of Service F 

Averagelarea occupancylof 5lsq.lft. orllower perlperson represents levellof servicelF. At 

this levelloflservice, all pedestrians’lwalking speed isltremendously limited andlshuffling 

islthe onlylway to movelforward. Reverse or crossing movements, and avoiding contact 

with other pedestrians would be impossible. Making forward progress would be dependent 

on the movements of pedestrians in front. Clearly, the pedestrian areas lower than range 5 

sq. ft. represent queuing rather than trafficlflow situationland thisllevel oflservice would be 

an unsuccessful design for walkways (Fruin, 1971). 

 
Figure 5.6 Pedestrian LOS F According to HCM 

Source: Bloomberg, M. R., & Burden, A. M. (2006, April) 
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5.2 EVALUATION OF THE LOS BY HCM 2010 

According to the HCM, pedestrian perspective off-street facility performance needs to be 

separately calculated for each side of the urban sidewalk facilities. Hence, for this study, 

wherever a facility LOS was needed for both sides of a street, the performance evaluation 

has been done independently for each side. The following figure shows the steps that were 

taken to determine LOS of facilities. 

 

To evaluate urban sidewalk performance for pedestrians, a variety of measurements need 

to be done. Each measure portrays a different feature of the pedestrian trip along the facility. 

For instance, LOS score is one measure that specifies the classical pedestrian’s 

perceptionlof theloverall facility travel experience. Thelsecond measure is thelaverage 

speed of pedestrians traveling along the facility. The third measure, which is based on the 

concept of “circulation area,” depicts the average available sidewalk area for each 

pedestrian walking on the facility. The larger the sidewalk area is, the more desirable it will 

be for pedestrians. The following table (table 5.7) from the HCM providesla qualitative 

illustration oflpedestrianlspace that can be employed for sidewalk evaluation performance 

from a flow-area perspective. 
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Figure 5.7 Flowchart explaining the Step-by Step Procedure to evaluate LOS by 

HCM 2010 

 

 

 

Stepl1: Determineltheleffective walkawaylwidth 

Stepl2: Calculatelthe pedestrian flowlrate 

Stepl3: Calculate thelaverage pedestrianlspace 

Stepl4: DeterminelLOS 

Stepl5: Calculatelthe volume-to-capacitylratio 
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Table 5.1 Average flow LOS criteria for sidewalks.  

LOS 

AVG. 

SPACE 

(ft2/p) 

FLOW 

RATE 

(p/min/ft)a 

AVG. 

SPEED 

(ft/s) 

v/c Ratiob Comments 

A >60 ≤5 >4.25 ≤0.21 
Ability to move in desired path, 

no need to alter movements 

B >40-60 >5-7 >4.17-4.25 >0.21-0.31 
Occasional need to adjust path to 

avoid conflicts 

C >24-40 >7-10 >4.00-4.17 >.031-0.44 
Frequent need to adjust path to 

avoid conflicts 

D >15-24 >10-15 >3.75-4.00 >.044-0.65 
Speed and ability to pass slower 

pedestrians restricted 

E >8-15 >15-23 >2.50-3.75 >0.65-1.00 
Speed restricted, very limited 

ability to pass slower pedestrians 

F ≤8 Variable ≤2.50 Variable 
Speeds severely restricted, 

frequent contact with other users 

Note: aPedestrians per minute per foot of walkaway width.  (Source: HCM 2010) 

bv/c ratio = flow rate/23. LOS is based on average space per pedestrian. 

 

The capacity of pedestrian facilities is based on research conducted on constrained facilities 

(e.g., bridges and underground passageways), where there is no opportunity for pedestrians 

to walk outside the designated area. Off-street pedestrian facilities, in contrast, typically 

have no barriers keeping pedestrians to the designated path. As a result, these facilities reach 

effective failure (i.e., 

pedestrian spill over) at densities less than their capacity. For this reason, in combination 

with considerations of general pedestrian comfort, off-street walkways are desirably 

designed to achieve LOS C or better, based on pedestrian space, rather than for capacity 

conditions. The methodologies are generally appropriate regardless of the type of surface 

used for the pedestrian facility. The Step by Step Procedure to evaluate the LOS of sidewalk 

is given below: 
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Step 1: Determine Effective Walkway Width 

Walkways and Cross-Flow Areas Effective walkway width is the portion of a walkway that 

can be used effectively by pedestrians. Various types of obstructions and linear features, 

discussed below, reduce the walkway area that can be effectively used by pedestrians. The 

effective walkway width at a given point along the walkway is computed as follows: 

WE=WT-WO 

where 

WE = effective walkway width (ft), 

WT= total walkway width at a given point along walkway (ft), and 

WO = sum of fixed-object effective widths and linear-feature shy distances at a given point 

along walkway (ft). 

 

Figure 5.8 Figure Showing Effective Width of Sidewalk 

illustrates a portion of a sidewalk or walkway. The general concepts shown are applicable 

both to sidewalks along urban streets and to exclusive off-street paths not located adjacent 

to a street. Linear features such as the street curb, the low wall, and the building face each 

have associated shy distances. The shy distance is the buffer that pedestrians give 

themselves to avoid accidentally stepping off the curb, brushing against a building face, or 

getting too close to other pedestrians standing under awnings or window shopping. Fixed 
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objects, such as the tree, have effective widths associated with them. The fixed object 

effective width includes the object's physical width, any functionally unusable space (e.g., 

the space between a parking meter and the curb or the space in front of a bench occupied 

by people's legs and belongings), and the buffer given the object by pedestrian 

Step 2: Calculate Pedestrian Flow Rate  

Walkways and Cross-Flow Areas 

Hourly pedestrian demands is used as an input to the analysis. Consistent with the general 

analysis procedures used throughout the HCM, hourly demand is usually converted into 

peak 15-minflows, so that LOS is based on the busiest 15 consecutive minutes during an 

hour: 

𝑣15 =
𝑣h

4 × 𝑃𝐻𝐹
 

where 

v15 = pedestrian flow rate during peak 15min(p/h), 

vh = pedestrian demand during analysis hour (p/h), and 

PHF = peak hour factor. 

 

However, if peak-15-min pedestrian volumes are available, the highest 15- Min volume can 

be used directly without the application of a peak hour factor. Next, the peak 15-minflow is 

converted into a unit flow rate (pedestrians per minute per foot of effective pathwidth): 

𝑣p =
𝑣15

15 ×𝑊E

 

where vp is pedestrian flow per unit width (p/ft/min) and all other variables are as previously 

defined. 

 

Step 3: Calculate Average Pedestrian Space 

The service measure for walkways is pedestrian space, the inverse of density. Pedestrian 

space can be directly observed in the field by measuring a sample area of the facility and 

determining the maximum number of pedestrians at a given time in that area. The pedestrian 

unit flow rate is related to pedestrian space and speed: 
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𝐴p =
𝑆p

𝑣p

 

where 

Ap= pedestrian space (ft2/p), 

Sp = pedestrian speed (ft/min), and 

vp =pedestrian flow per unit width (p/ft/min). 

 

Step 4: Determine LOS 

Walkways with Random Pedestrian Flow 

Where pedestrian flow on the path is not influenced by platooning (see next subsection), 

Exhibit 23-1 should be used to determine pedestrian LOS. Research (9-11) has shown that 

pedestrian speeds on ramps with grades up to 5% are not significantly different from speeds 

on level walkways but that speeds decrease at higher grades. Therefore, the walkway LOS 

values are also 

applicable to ramps with grades of 5% or less. Ramps with steeper grades are discussed 

later in this chapter in the Special Cases section. The walkway LOS values can also be 

adapted to pedestrian plazas and pedestrian zones (exclusive pedestrian streets), as 

discussed in the Special Cases section. 

 

Step 5: Calculate Volume-to-Capacity Ratio 

The volume-to-capacity (pic) ratio can be computed by using the following values of 

capacity for various exclusive pedestrian facilities: 

• Walkways with random flow: 23 p/min/ft, 

• Walkways with platoon flow (average over 5 min): 18 p/min/ft, 

• Cross-flow areas: 17 p/min/ft (sum of both flows), 
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Table 5.2 Results of seven selected locations 

Sr. 

No 

CORRIDOR 

NAME 

CORRIDOR 

LOCATIONS 

FLOW 

RATE 

(p/min/ft)a 

AVG. 

SPACE 

(ft2/p) 

v/c 

Ratiob 
LOS 

COMMENT

S 

1. 

Road in front 

of Hansraj 

Public School, 

Sector-6 

Road in front of 

Hansraj Public 

School, Sector-6 

4.19 (A) 57.168 (B) 0.18(A) A/B 

Occasional 

need to adjust 

path to avoid 

conflicts 

2. 
Sector-7 

Market Road 

Road opposite 

Sector-7 Market 
6.02(B) 39.85(C) 0.26(B) B/C 

Frequent need 

to adjust path 

to avoid 

conflicts 

3. 

Chandigarh-

Panchkula 

Road 

Road opposite 

MDC Market 
5.63(B) 42.6(C) 0.24(B) B/C 

Occasional 

need to adjust 

path to avoid 

conflicts 

4. 

Budanpur 

Road 

 

Labour Chowk 

to Agrasen 

Chowk 

4.16(A) 57.69(B) 0.18(A) A/B 

Occasional 

need to adjust 

path to avoid 

conflicts 

5. 

Road Dividing 

Sector-12 & 

Sector-11 

Road Dividing 

Sector-12 & 

Sector-11 

2.33(A) 102.85(A) 0.10(A) A 

Ability to 

move in 

desired path, 

no need to 

alter 

movements 

6. 

Nada Sahib 

Road 

 

Midblock 

Location 300m 

away from 

Indian Express 

Roundabout  

6.09(B) 39.4(C) 0.26(B) B/C 

Frequent need 

to adjust path 

to avoid 

conflicts 

7. 

Mahespur 

Road 

 

Bus Stand & 

Sector-10 

dividing Rd 

4.12(A) 58.24(B) 0.18(A) A/B 

Occasional 

need to adjust 

path to avoid 

conflicts 
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As can be seen from these results, the LOS values are coming different from different 

methods. Therefore, more specific Parameters and more evolved methods could be tried out 

in future research. Also, in next chapter, the Pedestrian LOS has been found out with the 

INDO-HCM (2017) document which is an adaptation of HCM for Indian Environment.  
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CHAPTER 6 

EVALUATION OF LOS BY INDO-HCM 2017  

PLOS has been established for Footpaths using the methodology flow chart presented in 

Figure 6.1 Six steps should be followed to identify PLOS of Footpath. In the first step, 

Footpath should be identified considering surrounding land use. Then in the second step, 

width of the available Footpath should be measured and after that effective width should be 

calculated. Effective width calculation is already discussed in the previous section. In the 

next step, pedestrian flow (ped/min) should be observed from the selected site and peak 

flow value should be converted into flow rate (ped/min/m) to estimate maximum or peak 

flow rate. In the final step, using the peak flow rate value, PLOS can be identified for any 

Footpaths given earlier in Table 6.1 

 

Table 6.1 PLOS determination in relation to various land uses 

LOS Commercial Institutional Terminal Recreational Residential 

A ≤13 ≤13 ≤15 ≤12 ≤16 

B >13-19 >13-19 >15-26 >12-20 >16-23 

C >19-30 >19-27 >26-32 >20-32 >23-34 

D >30-47 >27-36 >32-68 >32-54 >34-47 

E >41-49 >36-42 >68-78 >54-91 >47-59 

F Variable Variable Variable Variable Variable 
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Figure 6.1 Flowchart Explaining Step by Step Procedure to evaluate LOS 

 

 

Step 1: Identification of sidewalk based on 

land use 

Step 2: Measurement of sidewalk width 

Step 3: Estimation of effective width of 

the facility 

Step 4: Observe pedestrian flow (ped/min) 

Step 5: Estimation of maximum or peak 

flow rate (ped/m/min)) 

Step 6: Determination of PLOS 
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Step 1: Identification of sidewalk based on land use 

For determining LOS first of all the land use is to be determined i.e. whether the land use 

is of Commercial type, Institutional type, Terminal type, Recreational type or Residential 

type. 

 

Step 2: Measurement of Sidewalk Width 

The sidewalk width is to be measured on site for which inventory or Pilot Survey is to be 

conducted at the selected locations. 

 

Step 3: Estimation of Effective width of the facility 

The effective width is measured by excluding the obstruction from the width of the 

sidewalk, the obstruction covering the largest area is to be used including the shy distance. 

 

Step 4: Observe Pedestrian Flow 

For the Pedestrian Flow volume survey or manual counting of the pedestrian is to be 

conducted on the selected location through which pedestrian walking on sidewalk per 

minute can be obtained. 

 

Step 5: Estimation of maximum or peak flow rate 

The peak flow rate can be obtained from volume survey of pedestrian. A 15-min maximum 

peak values is to be used for the estimation of maximum flow rate. 

 

Step 6: Determination of PLOS 

The PLOS can be determined after comparing all the above factors by using table 6.1   
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Table 6.2 Results LOS on the basis of various land uses 

Sr. 

No. 

CORRIDOR 

NAME 

CORRIDOR 

LOCATION 
LAND USE 

PEAK FLOW 

(ped/min/m) 
LOS 

1. 

Road in front of 

Hansraj Public 

School, Sector-6 

 

Road in front of 

Hansraj Public 

School, Sector-6 

 

Institutional 13.77 B 

2. 

Sector-7 Market 

Road 

 

Road opposite 

Sector-7 Market 

 

Commercial 19.77 C 

3. 

Chandigarh-

Panchkula Road 

 

Road opposite 

MDC Market 

 

Commercial 18.46 B 

4. 
Budanpur Road 

 

Labour Chowk 

to Agrasen 

Chowk 

 

Recreational 13.67 B 

5. 

Road Dividing 

Sector-12 & 

Sector-11 

 

Road Dividing 

Sector-12 & 

Sector-11 

 

Residential 7.65 A 

6. 

Nada Sahib 

Road 

 

Midblock 

Location 300m 

away from 

Indian Express 

Roundabout  

Commercial 20 C 

7. 
Mahespur Road 

 

Bus Stand & 

Sector-10 

dividing Road 

Terminal 13.52 A 
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The LOS values for the locations mentioned in table 6.2 indicate the following: 

1. Road in front of Hansraj Public School, Sector-6 The LOS B is attained from INDO-

HCM 2017 for this road having effective width of 1.21m and 15-min Maximum Pedestrian 

count 250 has medium congestion & Smooth Flow.  

 

2. Sector-7 Market Road The LOS C is attained from INDO-HCM 2017 for this road 

having effective width of 1.5m and 15-min Maximum Pedestrian count 430 has high 

congestion/Encroachments & The Pedestrian flow is not so smooth.  

 

3. Chandigarh-Panchkula Road The LOS B is attained from INDO-HCM 2017 for this 

road having effective width of 0.65m and 15-min Maximum Pedestrian count 220 has 

medium congestion & Smooth Flow.  

 

4. Budanpur Road The LOS B is attained from INDO-HCM 2017 for this road having 

effective width of 0.78m and 15-min Maximum Pedestrian count 160 has medium 

congestion & Smooth Flow.  

 

5. Road Dividing Sector-12 & Sector-11 The LOS A is attained from INDO-HCM 2017 

for this road having effective width of 0.915m and 15-min Maximum Pedestrian count 105 

has Very Less Congestion & Free Flow Condition.  

 

6. Nada Sahib Road The LOS C is attained from INDO-HCM 2017 for this road having 

effective width of 0.6m and 15-min Maximum Pedestrian count 180 has high 

congestion/Encroachments & The Pedestrian flow is not so smooth.  

 

7. Mahespur Road The LOS A is attained from INDO-HCM 2017 for this road having 

effective width of 1.38m and 15-min Maximum Pedestrian count 280 has Very Less 

Congestion & Free Flow Condition.  

 

 

 



79 

 

CHAPTER 7 

QUALITATIVE ASSESSMENT OF PEDESTRIAN FACILITY BY 

PLOS METHOD 

Qualitative assessment for the evaluation of pedestrian facility encompasses the quality 

assessment of the characteristics of the Footpaths. This method uses the perception of the 

pedestrians and attempts to quantify the comfort level of pedestrians while encountering 

certain roadway characteristics. Quality of Service (QOS) indicates the environmental 

qualities of pedestrian space and serves as a guide for the development of standards for 

pedestrian facilities. Pedestrian spaces should be designed considering human convenience 

and should be suitable to the needs of pedestrians. 

Walkability Index is used for evaluating pedestrian infrastructure performance considering 

the following factors: 

• Physical and user characteristics/parameter 

• Importance weight and satisfaction rating of individual parameter 
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Figure 7.1 Dimensions of Pedestrian Level of Service 

 

The dimensions of PLOS are bifurcated to User Characteristics, Traffic, Land Use, Safety, 

Comfort, Infrastructure, etc. which is further divided into more categories as in figure 2.1 

To determine the Walkability Index, the perception of the pedestrians on the quality of 

Footpaths available and needs of the pedestrians has been captured through a detailed 

questionnaire surveys conducted at Panchkula by interviewing about 440 respondents to 

build the Walkability Index. Thus, the Walkability Index is calculated using 

Equation: 

Walkability Index: PLOS = ∑ 𝐴𝑖 × 𝐵𝑖
10
𝑖=1  

 

Where, 

Ai: importance weight for physical and user characteristics 

Bi: satisfaction rating for physical and user characteristics 
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The relative importance weight of each sidewalk characteristic (A) gives the effect of each 

sidewalk factor for the PLOS. The relative weight of each sidewalk is given by following 

equation: 

Ai=
∑ 𝐼𝑗×𝑛𝑗

𝐽=5

𝑗=1

𝑁
 

Here, A is relative weight of each sidewalk factor, i is number of parameters, I is importance 

rating, j is the rating from 1 to 5, n is the number of pedestrians choosing ‘j’ rating, N is the 

total number of pedestrians.  

PLOS score is obtained when the satisfaction rating of existing conditions of sidewalk 

characteristics is calculated. Satisfaction score is also calculated by multiplying the 

corresponding five-point scale rating to the number of pedestrians who has been given that 

rating. In this study, excellent rating gets five points, very good gets four points, good gets 

three points, satisfactory gets two points while the poor gets one point. The satisfaction 

assessment score for each factor is given using the following equation: 

Bi=
∑ S𝑗×𝑛𝑗

𝐽=5

𝑗=1

𝑁
 

Where B is the satisfaction score obtained for each sidewalk, is number of parameters, S is 

the satisfaction score, j is the rating from 1 to 5, n is the number of the pedestrians choosing 

‘j’ rating and N is the total number of pedestrians.  

PLOS score classifications; their interpretations and required level of improvements are 

presented in Table 7.1. The point system involves rating from A to F. PLOS A indicates 

that excellent street facilities and sidewalks are excellent condition, B indicates that street 

facilities and sidewalks are in very good condition, PLOS C indicates that street facilities 

and sidewalks are in good condition, PLOS D indicates that street facilities and sidewalks 

are with average quality, but slight issues in safety and comfort , PLOS E indicates poor 

condition of the street network and pedestrian infrastructures with severe issues on safety 

and comfort. Finally, PLOS F indicates sidewalks are at worst condition and not at all 

appropriate for walking. 

Physical characteristics and user characteristics are listed in the mean weights for 

importance and for satisfaction rating for physical features and user characteristics 

computed are given below. Quality of Service (QOS) evolved in this manual is based totally 
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on the INDO-HCM 2017. The importance rating and satisfaction rating (1 to 5) for Footpath 

attributes are collected by questionnaire survey where importance (1=immaterial, 2=least 

importance, 3=important, 4=very important and 5=most important) and satisfaction 

(1=poor, 2=satisfactory, 3=good, 4=very good, 5=excellent) with respect to ten Footpath 

attributes. The factors affecting the quality of service for pedestrians have been classified 

as physical characteristics (footpath surface, footpath width, obstruction, potential for 

vehicular conflict, continuity) and the user factors (encroachment, availability of crossing 

facilities, security, walk environment, comfort) of Footpaths are evaluated based on the 

description given in Proforma (refer Annexure II). 

 

Table 7.1 PLOS scores and Level of Improvement needed 

PLOS 

Scores 
 

PLOS Rating 

 

Condition 

 

Description 

 

Level of 

improvement 

 

>125 

 
A 

Excellent 

 

Highest quality 

sidewalk 

facilities 

No 

improvement 

needed 

≥100 - <125 

 
B 

Very Good 

 

High quality of 

sidewalk 

facilities and 

light issues of 

pedestrian 

comfort 

Very limited 

improvement 

needed 

≥75 - <100 

 
C 

Good 

 

Basic quality of 

sidewalk 

facilities with 

considerable 

issues on 

pedestrian 

safety and 

comfort. 

Limited 

improvement 

needed 
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≥49 - <75 

 
D 

Average 

 

Average 

facilities for 

pedestrians 

with slight 

issues of safety 

and comfort. 

Some 

improvement 

needed 

 

≥25 - <50 

 
E 

Poor 

 

Low quality 

facilities for 

pedestrians 

with severe 

issues of safety 

and comfort. 

Many 

improvements 

are needed 

 

<25 

 
F 

Worst 

 

Worst 

pedestrian 

facilities where 

factors 

influencing 

PLOS are 

below 

acceptable 

standards. 

So many 

improvements 

are needed 

 

(Source: Bivina et.al, 2018) 
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Table 7.2 Results on the basis of the walkability index 

Sr. 

No. 

Corridor 

Name 

Corridor 

Location 

Walkability 

Index 

Level of 

improvement 

PLOS 

Rating 

1. 

Indian 

Express 

Roundabout 

Roundabout 

Connecting 

Maheshpur Rd 

& Nada Sahib 

Road 

76.0075 

Limited 

improvement 

needed 

C 

2. Tank Chowk Tank Chowk 63.81 

Limited 

improvement 

needed 

C 

3. 

Road in front 

of Hansraj 

Public 

School, 

Sector-6 

Road in front of 

Hansraj Public 

School, Sector 

6 

125.06 

No 

improvement 

needed 

A 

4. 
Sector-6 

Market Road 

Road opposite 

Sector-6 Market 
71.5 

Limited 

improvement 

needed 

C 

5. 
Nada Sahib 

Road 

Midblock 

Location 300m 

away from 

Indian Express 

Roundabout 

towards Bella 

Vista 

Roundabout 

89.2 

Limited 

improvement 

needed 

C 

6. 
Bella Vista 

Roundabout 

Bella Vista 

Roundabout to 
85.60688 

Limited 

improvement 

needed 

C 
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to Bus Stand 

Roundabout 

Bus Stand 

Roundabout 

7. 
Mahespur 

Road 

Bus Stand & 

Sector-10 

dividing Road 

92.2625 

Limited 

improvement 

needed 

C 

8. 
Sector-7 

Market Road 

Road opposite 

Sector-7 Market 
109.1825 

Very limited 

improvement 

needed 

B 

9. 
Housing 

Board Chowk 

Housing Board 

Chowk 
73.205 

Limited 

improvement 

needed 

C 

10. 

Chandigarh-

Panchkula 

Road 

Road opposite 

MDC Market 
115.91 

Very limited 

improvement 

needed 

B 

11. 
Mahespur 

Road 

Sector-9 & 

Sector-5 

dividing Road 

103.6025 

Limited 

improvement 

needed 

C 

12. 
Sector-9 

Market Road 

Road opposite 

Sector 9 Market 

& Prachin Shiv 

Mandir 

110.02 

Very limited 

improvement 

needed 

 

B 

13. Sector-9 Road 

Sector-9 & 

Sector-16 

dividing Road 

to Arya Samaj 

Mandir 

64.7 

Some 

improvement 

needed 

D 

14. 
BEL Factory 

Road 

Sector-9 & 

Sector-10 

dividing Road 

to Govt. 

102.33 

Limited 

improvement 

needed 

C 
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Ayurveda  

Dispensary 

15. 
Old 

Panchkula 

Old Panchkula 

Trisection 
85.5375 

Limited 

improvement 

needed 

C 

16. Majri Chowk Majri Chowk 77.2725 

Limited 

improvement 

needed 

C 

17. 
District Court 

Panchkula 

District Court 

Panchkula 
106.8175 

Very limited 

improvement 

needed 

B 

18. 

Rally Chowk 

to 11/15 

Chowk 

Rally Chowk to 

11/15 Chowk 
112.9325 

Very limited 

improvement 

needed 

B 

19. Sector-15 

Road Covering 

Hallmark 

Public School, 

Bhavan 

Vidyalya 

School & 

Market Area 

108.265 

Very limited 

improvement 

needed 

B 

20. 
Budanpur 

Road 

Labour Chowk 

to Agrasen 

Chowk 

89.9 

Limited 

improvement 

needed 

C 

21. 

Road 

Dividing 

Sector-12 & 

Sector-11 

Road Dividing 

Sector-12 & 

Sector-11 

107.485 

Very limited 

improvement 

needed 

B 

22. 
Pashuram 

Chowk to 

Pashuram 

Chowk to BEL 
125.22 

No 

improvement 

needed 

A 
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BEL Factory 

Intersection 

Factory 

Intersection 

23. 
Industrial 

Area Road 

Rd opposite 

Nexa, Renault 

till Haryana 

Border 

91.12 

Limited 

improvement 

needed 

C 

24. 
Sector-20 

Market Road 

Road opposite 

Sector-20 

Market 

121.36 

Very limited 

improvement 

needed 

B 

 

Major Issues identified were: 

• Indian Express Roundabout Due to increasing vehicle volume, pedestrians face 

problems at crossing of Roundabout and also as it is located near to all government 

offices, traffic jams were observed at peak hours and it was very difficult for a 

pedestrian to cross the road.   

• Tank Chowk It is the main interchange point for pedestrians going towards Pinjore 

or Shimla Highway. The main Problem is that the essential need of the pedestrian 

i.e. the Sidewalk are not are not present.  

• Road in front of Hansraj Public School, Sector-6 Overall the location has all the 

amenities needed for pedestrian’s shade from sun, sitting area for pedestrians a good 

width of footpath, etc. 

• Sector-6 Market Road The Location is a commercial market area with a prominent 

no. of pedestrians. The main Problem is that the essential need of the pedestrian i.e. 

the Sidewalk are not are not present. 

• Nada Sahib Road Due to increasing vehicle volume, pedestrians face problems at 

Intersections and also as it is located near to all government offices, traffic jams 

were observed at peak hours and it was very difficult for a pedestrian to cross the 

road.   

• Bella Vista Roundabout to Bus Stand Roundabout It is located at the centre of 

city having all the administrative offices along its way. But the major problem is 
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that the essential need of the pedestrian i.e. the Sidewalk is not present on one side 

(i.e. Upstream) due to which Vehicles are Parked on that area. 

• Mahespur Road (Bus Stand & Sector-10 dividing Road) Overall the location has 

all the amenities needed for pedestrian’s shade from sun, sitting area for pedestrians 

a good width of footpath, etc. But still Pedestrians are walking on Road because 

people park their vehicles on Sidewalk.  

• Sector-7 Market Road Overall the location has essential the amenities needed for 

pedestrian’s i.e. a very good width of footpath, because of encroachments like street 

vendors pedestrians need to change their path causing inconvenience.  

• Housing Board Chowk It is the main interchange point for pedestrians going 

towards Chandigarh or Shimla Highway. The main Problem is that the essential 

need of the pedestrian i.e. the Sidewalk is not present on one side and the one which 

is present is unpaved. 

• Chandigarh-Panchkula Road Overall the location has all the amenities needed for 

pedestrian’s shade from sun, sitting area for pedestrians a good width of footpath, 

etc. 

• Mahespur Road (Sector-9 & Sector-5 dividing Road) Overall the location has all 

the amenities needed for pedestrian’s shade from sun, sitting area for pedestrians a 

good width of footpath & also guard rails are provided to restrict the parking of 

vehicles on sidewalks etc. But the problem persists in the footpath surface which is 

in deteriorated condition. 

• Sector-9 Market Road Overall the location has all the amenities needed for 

pedestrian’s shade from sun, sitting area for pedestrians a good width of footpath, 

etc. & also recently a vendor space has also been provided. 

• Sector-9 Road The Area is a Residential area so no footpaths are present for the 

pedestrians, obviously they have to walk on Road which is high risk to life.  

• BEL Factory Road Overall the location has all the amenities needed for 

pedestrian’s shade from sun, sitting area for pedestrians a good width of footpath, 

etc. but the location has an unsignalized intersection, which further increases the 

delay time of pedestrians while crossing. 
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• Old Panchkula Overall the location has all the amenities needed for pedestrian’s 

shade from sun, sitting area for pedestrians a good width of footpath, etc. But no 

crosswalks are provided for the crossing of pedestrians.  

• Majri Chowk Overall the location has all the amenities needed for pedestrian’s 

shade from sun, sitting area for pedestrians a good width of footpath, etc. But 

because of the increasing vehicle volume its difficult for pedestrian to cross the 

Road. 

• District Court Panchkula Overall the location has the essential amenities needed 

for pedestrian’s shade from sun, a good width of footpath, etc. But no Sitting Area 

is Present for Pedestrians. 

• Rally Chowk to 11/15 Chowk Overall the location has all the amenities needed for 

pedestrian’s shade from sun, sitting area for pedestrians a good width of footpath, 

etc. 

• Sector-15 Overall the location has all the amenities needed for pedestrian’s shade 

from sun, sitting area for pedestrians a good width of footpath, etc. 

• Budanpur Road Overall the location has all the amenities needed for pedestrian’s 

shade from sun, sitting area for pedestrians a good width of footpath, etc. But the 

footpath Surface is in Deteriorated condition. 

• Road Dividing Sector-12 & Sector-11 Overall the location has all the amenities 

needed for pedestrian’s shade from sun, sitting area for pedestrians a good width of 

footpath, etc. 

• Pashuram Chowk to BEL Factory Intersection Overall the location has all the 

amenities needed for pedestrian’s shade from sun, sitting area for pedestrians a good 

width of footpath, etc. 

• Industrial Area Road It is the major industrial area road. The main Problem is that 

the essential need of the pedestrian i.e. the Sidewalk is not present at one side which 

directly affects the comfort of Pedestrians & also no Crosswalks are provided for 

the crossing of pedestrians. 

• Sector-20 Market Road It is the main interchange point for pedestrians going 

towards Pinjore or Shimla Highway. The main Problem is that the essential need of 

the pedestrian i.e. the Sidewalk are not are not present. 
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CHAPTER 8 

8.1 COMPARISON OF RESULTS OF LOS VALUES 

Table 8.1 Comparisons of LOS on the bases of HCM, INDO-HCM and Walkability 

Scores 

Sr. 

No. 

CORRIDOR 

NAME 

CORRIDOR 

LOCATIONS 

HCM 

LOS 

INDO-

HCM 

LOS 

PLOS 

RATING 

BASED 

ON 

PLOS 

SCORE 

COMMENTS 

1. 

Road in front 

of Hansraj 

Public 

School, 

Sector-6 

Road in front 

of Hansraj 

Public School, 

Sector-6 

A/B B A 

The corridor 

location has a good 

PLOS as all the 

results are almost 

similar and fall into 

the same category 

2. 
Sector-7 

Market Road 

Road opposite 

Sector-7 

Market 

B/C C B 

The results fall into 

B and C category 

which means that 

there is sometimes 

occasional and 

sometime frequent 

need to adjust their 

path to avoid 

conflicts 

3. 

Chandigarh-

Panchkula 

Road 

Road opposite 

MDC Market 
B/C B B 

The results fall into 

B and C category 

which means that 

there is sometimes 
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occasional and 

sometime frequent 

need to adjust their 

path to avoid 

conflicts 

4. 

Budanpur 

Road 

 

Labour 

Chowk to 

Agrasen 

Chowk 

A/B B C 

The results are 

very much 

contradictory, the 

reason could be 

high variotions in 

pedestrian volume 

peak hours 

5. 

Road 

Dividing 

Sector-12 & 

Sector-11 

Road Dividing 

Sector-12 & 

Sector-11 

A A B 

The corridor 

location has a good 

PLOS as all the 

results are almost 

similar and fall into 

the same category 

6. 

Nada Sahib 

Road 

 

Midblock 

Location 

300m away 

from Indian 

Express 

Roundabout 

towards Bella 

Vista 

Roundabout 

B/C C C 

The results fall into 

B and C category 

which means that 

there is sometimes 

occasional and 

sometime frequent 

need to adjust their 

path to avoid 

conflicts 

7. 

Mahespur 

Road 

 

Bus Stand & 

Sector-10 

dividing Road 

A/B A C 

The corridor 

location has a good 

PLOS as all the 

results are almost 
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similar and fall into 

the same category 

 

 

 

• Road in Front of Hansraj Public School, Sector-6 As it can be seen from Table 

8.1 that the results from HCM 2010 & INDO-HCM 2017 are almost the same that 

are obtained from Pedestrians Perception. 

•  Sector-7 Market Road As it can be seen from Table 8.1 that the results from HCM 

2010, INDO-HCM 2017 & PLOS Rating fall into LOS B and LOS C which can be 

related like depending upon the pedestrian volume results vary. 

• Chandigarh- Panchkula Road As it can be seen from Table 8.1 that the results 

from HCM 2010, INDO-HCM 2017 & PLOS Rating are almost similar. 

• Budanpur Road As it can be seen from Table 8.1 that the results from HCM 2010 

& INDO-HCM 2017 totally contradict with the results obtained from PLOS  Rating 

which could be because sometimes things vary at  ground reality. 

• Road Dividing Sector-12 & Sector-11 As it can be seen from Table 8.1 that the 

results from HCM 2010 & INDO-HCM 2017 are exactly the same but the results 

obtained from PLOS Rating contradict to some extent. 

• Nada Sahib Road As it can be seen from Table 8.1 that the results from HCM 2010, 

INDO-HCM 2017 & PLOS Rating are almost similar and fall into the same 

category. 

• Mahespur Road As it can be seen from Table 8.1 that the results from HCM 2010 

& INDO-HCM 2017 are almost similar but they totally contradict with the results 

obtained from PLOS Rating which could be because pedestrians are not satisfied 

with the facilities provided. 
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8.2 REDESIGN OF SIDEWALK 

As per the results evaluated by HCM 2010 & INDO-HCM 2017, LOS of some sections 

need to be improved, for this improvement we need to redesign the sidewalk for the future 

needs and providing a better walking space for the pedestrians. As it was not possible to 

redesign all the segments so the segment with the most pedestrian count and the problem 

area as per the pedestrian perception is selected. The location selected for the redesign is 

Sector 7 Market Road because this location has a commercial & Institutional type land use 

and it was also observed that also out of all the volume surveys conducted it has the 

maximum pedestrian count. The Reason for Selection of this location for Re-design as it 

was one of the Poorly Performing Corridors in our evaluation. The procedure used for 

redesign is adapted from INDO-HCM 2017. The detailed changes are given below: 

 

Figure 8.1 Satellite Map of Sector-7 Market Road Highlighting the Sidewalk 
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Pre- Redesign Dimensions 

Width of Sidewalk = 7m 

Width of Encroachment = 5.5m 

Effective Width of Sidewalk = 1.5m 

Max 15-min Peak Flow Rate = 430 

 

Population Projection for 2031 

Current Population of Panchkula (2011, Census) = 5,61,293 

Projected Population of Panchkula by 2021 (Estimated by Linear Population Projection) = 

6,73,552 

Projected Population of Panchkula by 2031 (Estimated by Linear Population Projection) = 

8,08,263 

Projected Max 15-min Peak Flow rate by 2031 (Estimated with respect to Projected 

Population) = 516 

 

So, for the redesign according to IRC 103-2012 the minimum adaptable width for these 

types of commercial areas is 4m. 

 

Basically, the effective width of footpath for the redesign should be taken as 4m. 

 

Determination of Peak Flow Value: 

 

Qp = 
516

15×4
 

Qp = 8.6 ped/min/m 

 

Determination of Level of Service: 

Referring to LOS Table 6.1 As per INDO-HCM 2017 

LOS corresponding to Qp = 8.6 ped/min/m is ‘A’ which was previously obtained ‘C’ 
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Suggestions for the improvement of LOS of Sidewalk  

• For increasing the footpath width there would be a need to remove the encroachment 

of Vendor shops. 

• A Proper Vendors Space could be allotted for the existing vendors and they shall be 

fined if they cover space more than that.  

• It was observed that in peak hours vehicles are parked on the sidewalks which 

interrupt the path of pedestrian and force them to change their direction again and 

again causing inconvenience. 

• More parking space can be allotted for the parking of vehicles based on their demand 

in either off street location or Multi-Level Parking can also be considered in future. 

 

Table 8.2 Redesign of Sector 7 Market Road Sidewalk 

PARAMETERS BASE SCENARIO RE-DESIGN 

Width of Sidewalk 7m 7m 

Effective width of Sidewalk 1.5m 4m 

Lane Width 12.5m 12.5m 

Encroachments on Sidewalk Vendor Shops Allotted Particular Space 

LOS C (2011) A (2031) 
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CHAPTER 9 

RECOMMENDATIONS 

Pedestrian Safety is a Concern for Urban Transportation Planners in Developing Countries 

like India as little Provisions is there for Pedestrian Base Infrastructure Planning in Indian 

Urban Development Plans. 

There are Several key Infrastructural facilities which are Necessity to provide a smooth & 

Safe Walking Experience which should be incorporated in urban areas. The Pedestrian 

Safety is a highly Compromised Parameter in several Indian Urban areas. At the Research, 

Academia & Government Level, several guidelines and recommendations have been in time 

and again issued to Urban Municipal Corporation in order to make sure these facilities & 

Infrastructure are provided in order to make Pedestrians walking a comfortable & 

Convenient Experience. Following are some Recommendations from Global Best Practices 

that can be implemented. 

 

1. Right of way: As the term specifies a proper right way should be designed for the 

pedestrians which could give them a separate path so that they could feel more secure while 

walking. Implementation of Guard Rails could also help them to feel safe and also restrict 

the parking of vehicles on the sidewalk. 

 

2. Vehicle Volume: PLOS has a very important and significant relation with the vehicle 

volume. At any intersection or roundabout wherever there is interaction between the 

pedestrians and vehicles there is always a conflict between pedestrian and vehicular 

movement. The conflicts change the pedestrian’s perception in regard to safety comfort and 

security.  

 

3. Vehicle Speed: The intersection which is unsignalized pedestrians find it very difficult 

to cross the road for that they need to find a gap in the movement of vehicles. But as the 

speed of vehicle normally increases at crosswalk which put pedestrians to a greater risk of 
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accidents. Hence the speed of vehicle at crosswalks should be organised in such a way that 

it would not affect the movement of pedestrians, as it would directly affect the PLOS. 

 

Figure 9.1 Showing Speed Limit for Vehicles 

 

4. Carriageway Width: The carriageway width directly affects the LOS as increase in the 

carriageway width makes it a longer distance for the pedestrians to cross, which would be 

riskier as pedestrians will encounter with a greater number of vehicles i.e. more risks of 

accidents. Hence the carriageway width should be designed carefully in respect to the 

pedestrians crossing at the crosswalk at intersections and roundabouts. 

 

 

Figure 9.2 Showing Wider Carriageway Width 
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5. Pedestrian Refuge:  It is a very important part of design as it affects the LOS in a positive 

way. Pedestrian Refuge also acts like a median. It not only proves a safe crossing but also 

facilitates a two-step crossing. The pedestrians need to look for vehicle in one direction at 

a time, which effects on the comfort and security of the pedestrians.  

 

 
Figure 9.3 Showing Pedestrian Refuge 

 

6. Crosswalk Marking Condition: The crosswalk marking condition highly affects the 

pedestrians, as soon as pedestrian approaches towards the zebra crossing, they have a right 

of way over the vehicular traffic. Also, a well-marked crosswalk attracts the pedestrians, 

otherwise crossing at random location could risk the life of pedestrians as well as others. 

Sometimes due to any reason the crosswalk is not visible properly or a faded which give 

the motorised of non-stopping at the particular mark and affects the crossing of pedestrians 

at the crosswalks. It also directly affects the PLOS.  
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Figure 9.4 Showing Faded Marking Conditions 

 

 

 

Figure 9.5 Showing Ideal Crosswalk Marking Condition 
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7. Crosswalk Surface Condition: The surface condition of the crosswalk includes a 

levelled, smooth and slip resistant surface which is not in a deteriorated condition and more 

comfortable is preferred by pedestrians. Hence, it affects the LOS in a very influential way, 

good surface condition crosswalk is normally preferred by pedestrians than poor & non-

uniform surface condition.  

  

Figure 9.6 Showing Texture of Crosswalk Surface 

 
Figure 9.7 Showing Rainbow Shade Crosswalk Surface 
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8. Lighting Condition at Crosswalk: Crosswalk area with a good lightening condition 

gives motorist a proper visibility during night time in regard to crossing pedestrians. Thus, 

a well-lit crosswalk area enhances safety of pedestrians and affects the PLOS.  

 

 

Figure 9.8 Showing ideal lightning condition at crosswalk 

 

9. Climate Based Solution: The walking environment should have attractions which 

should influence the pedestrians to walk on it. Attraction like green cover, shade of tress, 

advertisements, etc. have a good effect on pedestrians. Shade of trees allow the pedestrians 

to walk in the day time also. Landscape strip can also pe provided which attracts the 

pedestrian towards the sidewalk. 
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Figure 9.9 Showing walking environment adjacent to sidewalks 

Abundance of trees & Green cover will encourage Pedestrian to use sidewalk in a Tropically 

hot country like India 

 

Figure 9.10 Showing the landscaping near the residential area 
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Figure 9.11 Showing How to Make the Pedestrian Walking Area More Attractive  

 

10. Roadway Geometry: The roadway geometry directly affects the Pedestrian LOS. It 

should be designed in such a way that the pedestrian does not have to cross a single lane in 

two parts the width of the carriageway should not be too longer that pedestrians can’t cross 

it in one go. It should also have zebra crossing and all the markings needed for the pedestrian 

safety that ensures pedestrians a great comfort and security from the motorized. 

 

Figure 9.12 Showing the roadway Geometry and pedestrians crossing  
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11. Pedestrian Behavior: The behavior is a very contradictory thing, pedestrian is full-

fledged mode of non- motorized transportation, if not proper crosswalks or sidewalks with 

all the facilities and amenities are provided to the pedestrians, they are free to walk in 

random directions and cross the street at random locations. So, providing essential facilities 

to the pedestrians is a must to avoid road accidents and put their life and other in danger. 

 

12. Turning Traffic (Left & Right): The turning movement of traffic is to be decided with 

respect to the pedestrians. As on an intersection whether it would be signalized or a non-

signalized intersection the turning of the traffic should be designed keeping in mind the 

pattern of the crossing of the pedestrians at the crosswalk.   

 

12. Signal type: The signal type should be organized not only for the motorized but also 

for the non-motorized. For the safety and security of pedestrian’s signal should be designed 

for the pedestrians which give them a priority over the motorized. Instead puffin signal 

facilities should also be designed for the pedestrians. This could reduce they delay at the 

crosswalk faced by the pedestrians and would affect the LOS in a positive way. 

 

13. Signal phasing & Timing features:  Signal Phasing can be automated to sense the 

Pedestrian Platoon over an area bed through sensors & allow Pedestrians to Phase through. 

 

Figure 9.13 Showing Pedestrians crossing by Signal   
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14. Interrupted Pedestrians facilities: Due to encroachments & other unorganized 

mushroom growth of street vendors, the pedestrian sidewalks result in reduced effective 

width. These Encroachments should be regulated or removed as per the city Pedestrian 

Policy 

 
Figure 9.14 Showing Encroachments on Sidewalks 

 
Figure 9.15 Showing Vendor Shops on Sidewalks 
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CHAPTER 10 

10.1 CONCLUSION 

The basic aim of the current research is to evaluate the current scenario of walkability in 

the selected urban area of Panchkula City. Various Survey Methods like Inventory Survey, 

Volume Count, Pedestrian Perception Questionnaire Survey were carried out in order to 

study the Pedestrian Walkability Scenario in The Panchkula Region 

Further, Detailed Literature Review & Detailed Study of Global Manual HCM - 2010(USA) 

& INDO-HCM (2017) was done to understand the methodology for detailed evaluation of 

LOS metrices for the region 

The Main Conclusion that can be drawn from this research work are 

• Around 51% people who prefer to walk are in the 20-40 Age Group. 

• The Income group of majorities of Pedestrians was 5000-35000/- Rupees. 

• 63% of Pedestrian travel through walk mode once on a Daily basis. 

• 64% of People who walk in Panchkula area are walking Less than 500 meters. 

• The Major reasons reported by Pedestrians to not to walk were Discontinuous 

Surfaces, Safety issues, Lack of footpath facility, Encroachments & not a great 

Walking Environment. 

• Maximum Pedestrian Volume was 430 Pedestrians Per 15 minutes at Sector-7 

Market. 

• Least Pedestrian Count was 73 Pedestrian per 15-minute at Dividing Road of Sector-

12 & Sector-11. 

• The LOS Values from HCM was obtained A for Road Dividing Sector-12 & Sector-

11. 

• The Contradictory LOS Values from HCM was obtained A/B for Road in front of 

Hansraj Public School, Sector-6, Budanpur Road and Mahespur Road. 

• The Contradictory LOS Values from HCM was obtained B/C for Sector-7 Market 

Road, Chandigarh-Panchkula Road and Nada Sahib Road. 

• As per INDO-HCM LOS A was obtained from Dividing Road of Sector-12 and 

Sector-11 and Mahespur Road. 
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• As per INDO-HCM LOS B was obtained from Road in front of Hansraj Public 

School, Sector-6, Chandigarh-Panchkula Road and Budanpur Road. 

• As per INDO-HCM LOS B was obtained from Sector-7 Market Road and Nada 

Sahib Road. 

• The LOS Values for Location Road in front of Hansraj Public School, Sector-6 and 

Pashuram Chowk to BEL Factory Intersection was obtained LOS A on the Basis of 

Pedestrians Perception. 

• The LOS Values for Location Sector-7 Market Road, Chandigarh-Panchkula Road, 

Sector-9 Market Road, District Court Panchkula, Rally Chowk to 11/15 Chowk, 

Sector-15 Road, Dividing Road of Sector-12 and Sector-11 and Sector-20 Market 

Road was obtained LOS B on the Basis of Pedestrians Perception. 

• The LOS Values for Location Indian Express Roundabout, Tank Chowk, Sector-6 

Market Road, Nada Sahib Road, Bella Vista Roundabout to Bus Stand Roundabout, 

Mahespur Road, Housing Board Chowk, Mahespur Road, BEL Factory Road, Old 

Panchkula Trisection, Majri Chowk, Budanpur Road and Industrial Area Road was 

obtained LOS C on the Basis of Pedestrian Perception. 

• The Sidewalk for Sector-7 Market Road was redesigned from LOS C to LOS A. 

• Reason proposed for the enhancement of LOS were removal of Vendor Shops 

(Encroachments), providing a proper vendor space to the existing vendors and 

providing guard rails to stop parking of vehicles on sidewalks. 

10.2 SCOPE FOR FUTURE WORK 

• To Evaluate Pedestrian LOS for Various tiers of Urban Cities in India. Example 

Metro Cities, Tier II Cities. 

• To Explore other methods of Pedestrian LOS Evaluation for Indian Cities. 

• Simulation Procedures can be explored to evaluate the effects changes in Parameters 

of the Geometry & Infrastructure installation. 

• Pedestrian Los Parameters can be subdivided in further detail & can be made more 

comprehensively to accommodate microscopically affecting calibrations. 
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ANNEXURE-I 

 

THAPAR INSTITUTE OF 

ENGINEERING &                                                                  

TECHNOLOGY, PATIALA 

 

CIVIL ENGINEERING DEPARTMENT 

 

M.TECH THESIS -: Pedestrian Level of Service for the Urban Areas 

 

This study is taken up to evaluate the level of service criteria for the city of Panchkula. It is hereby assumed that the 

data collected would be utilized for academic purpose only. 

Part A: - Inventory Data Survey                                                                               Date: - ________________  

                                                                                                                                    Time: - ________________ 

INVENTORY DATA SURVEY - DETAILED SURVEY PROFORMA 

 

G
E

N
E

R
A

L
 

CORRIDOR NAME: 

CORRIDOR LOCATION: 

CORRIDOR LENGTH: 

CORRIDOR WIDTH: 

CARRIAGEWAY TYPE:           Divided Undivided Divided with Service Lane 

NUMBER OF LANES IN THE CARRIAGEWAY: 

2 4 6 8 

M
E

D
IA

N
 

IS THERE ANY MEDIAN PRESENT IN THE AREA?                      Yes        No 

IF YES, WHETHER THE MEDIAN HAS PLANTATION?      Yes        No 

IF YES, WHETHER THE PLANTATION HAS GAPS FOR PEDESTRIAN CROSSING? 

                                                                                                      Yes            No 

POINTS ON THE MEDIAN FROM WHERE PEDESTRIAN CAN CROSS __________m  

FROM THE STARTING POINT 

 

S
ID

E
W

A
L

K
 

ARE THERE ANY SIDEWALK PRESENT IN THE AREA?  Yes             No 

IF YES, WIDTH ON UPSTREAM IS: 

IF YES, WIDTH ON DOWNSTREAM IS: 

SIDEWALK SURFACE TYPE IS: 

CONCRETE PAVED BITUMEN SURFACE        PAVERBLOCK         MASTIC      UNPAVED 

IS THERE ANY ENCHROACHMENT PRESENT?                       Yes         No 

IF YES, THEN OF WHAT DENSITY?   

                                      LOWDENSITY MEDIUM DENSITY       HIGH DENSITY 

ENCHROACHMENT WIDTH: 

POLE: 
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TREE: 

VENDOR/SHOP: 

LETTER BOX: 

EFFECTIVE WIDTH: 

IS THERE ANY TACTILE PAVEMENT FOR PEDESTRIAN PRESENT?  Yes No  

WHETHER SITTING AREA IS PRESENT FOR PEDESTRIAN?  Yes No 

WHETHER DRINKING WATER PRESENT?  Yes No 

WHETHER ADEQUATE SHADE IS AVAILABLE IN WALKING CORRIDOR FOR PEDESTRIAN 

                   VERY GOOD SHADE PRESENT AT SOME PLACES  

                   NOT VERY DENSE                             NOT PRESENT AT ALL 

IS THERE ANY DISABILITY INFRASTRUCTURE PRESENT?  Yes No 

ARE THERE ANY GUARD RAILS PROVIDED ON THE SIDEWALKS?  Yes No 

ARE THERE ANY WHEELCHAIR RAMP PROVIDED FOR THE DISABLED?  Yes No 

ARE THERE ANY GUARD POST PROVIDED TO DISCOURAGE THE PARKING  

OF VEHICLES ON SIDEWALKS?           Yes  No 

R
O

A
D

 S
A

F
E

T
Y

 

IS THE CORRIDOR IS HAVING AN INTERSECTION?  Yes No 

IF YES, THEN WHAT TYPE OF INTERSECTION?  SIGNALISED NON-

SIGNALISED 

IS THERE ANY ZEBRA CROSSING AVAILABLE?  Yes No 

IS THERE PEDESTRIAN PLATOON AVAILABLE?  Yes No 

IS THERE POTENTIAL FOR VEHICLE & PEDESTRIAN CONFLICT?   

                                                                                    HIGH MEDIUM           LOW 

IS THERE A SEPARATE BICYCLE PATH PRESENT?  Yes No 

IF YES, THEN WHAT IS THE WIDTH? 

UPSTREAM: 

DOWNSTREAM: 

IS THERE ANY TRAFFIC CLAIMING MEASURE PRESENT? 

IF YES, THEN WHICH ONE? 

  

 

 

 

 

 

 

 

 

 

 

 



112 

 

ANNEXURE-II 

 

THAPAR INSTITUTE OF 

ENGINEERING &                                                                  

TECHNOLOGY, PATIALA 

 

CIVIL ENGINEERING DEPARTMENT 

 

M.TECH THESIS -: Pedestrian Level of Service for the Urban Areas 

This study is taken up to evaluate the level of service criteria for the city of Panchkula. It is hereby 

assumed that the data collected would be utilized for academic purpose only. 

Part C: - Pedestrian Perception Survey  

Date: - _______________ 

Time: -_______________ 

PEDESTRIAN PERCEPTION SURVEY - DETAILED SURVEY PROFORMA 

 CORRIDOR NAME: - 

CORRIDOR LOCATION: - 

 

Age Group 0-9 10-19 20-29 30-39 40-49 50-59 

Gender MALE  FEMALE    

Monthly Income (Rs.) <5000 
5001-

15000 

15001-

35000 

35001-

50000 

50001-

75000 
>75000 

Profession of Respondents Student Service 
Housewif

e 
Business Retired Others 

Frequency of Respondents Daily Weekly Monthly 
Occasionall

y 
  

Frequency of Trips in a 

day 
Once Twice Thrice Fourth   

Trip Purpose Education 
Office 

Work 
Shopping Cinema Personal Other 

Distance of Walk Trip for 

Pedestrian 
>500 501-1000 

1001-

1500 
1501-2000 >2000  

Is the height of side walk 

adequate?  
High  Low         Adequate    

Are there proper 

lightening facilities 

available on pedestrian 

sidewalks? 

Yes  No    

Is the walking area for 

pedestrian clean?         
Yes  No    

Are there enough places to 

sit?         
Yes  No    
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Are there places to buy 

food & beverages nearby?         
Yes  No    

Is there enough shelter 

provided from sun & 

rain?         

Yes  No    

Is it a convenient & 

comfortable way to travel?         
Yes  No    

Do you feel safe in the day?         Yes  No    

Do you feel safe in the 

night?         
Yes  No    

Reason for not walking 

on the sidewalks?         
      

Walking Environment         Encroachment        Comfort         Continuity Safety Footpath Surface 

Pedestrian Response Analysis 

Footpath Surface Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Footpath Width Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Obstruction Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Potential of Conflict with 

Vehicle 
Immaterial 

Least 

Important 
Important Very Important 

Most 

Important 
 

Continuity Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Encroachment Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Availability of crossing facilities Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Security Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Comfort Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Walk Environment Immaterial 
Least 

Important 
Important Very Important 

Most 

Important 
 

Response Rating of Pedestrian for Satisfaction on Various Sidewalk Attributes 

Footpath Surface Poor Satisfactory Good Very good Excellent  

Footpath Width Poor Satisfactory Good Very good Excellent  

Obstruction Poor Satisfactory Good Very good Excellent  

Potential of Conflict with Vehicle Poor Satisfactory Good Very good Excellent  

Continuity Poor Satisfactory Good Very good Excellent  

Encroachment Poor Satisfactory Good Very good Excellent  

Availability of crossing facilities Poor Satisfactory Good Very good Excellent  

Security Poor Satisfactory Good Very good Excellent  

Comfort Poor Satisfactory Good Very good Excellent  

Walk environment Poor Satisfactory Good Very good Excellent  

How risky do you feel to walk? Very Risky 
Not so 

Risky 
No Risky 

Not Risky at 

All 
  

How does it feel to cross the 

street? 
Very Unsafe Unsafe 

Not Unsafe 

at All 
Safe Very Safe  

Rate your experience out of 10 __________ 

What prevents you from walking:  
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ANNEXURE-III 

 

 

PEDESTRIAN VOLUME SURVEY 

CORRIDOR LOCATION CORRIDOR NAME 

TIME 
  

COUNT 
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