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ABSTRACT

The geometry and orientation of pedestrian facilities has a significant influence on the
movements of pedestrians and impacts its environment. Understanding the pedestrian
movements are crucial to estimate the capacity of the system accurately, specifically in the
transportation terminals such as railway stations, bus terminals, airports and so forth, where
large crowd gathers and transfers. To have a safe and comfortable movement in normal
conditions and also a quick evacuation in emergency conditions, the pedestrian movement
patterns should be analysed and modelled properly. Once the behaviour of pedestrians is
established in terms of speed, flow and density with respect to the environment, even for the
massive systems, the pedestrian flow characteristics can be modelled by applying extremely
efficient simulations. The main modelling element in the pedestrian flow models is the
fundamental relationship amongst the speed, flow and density. A review of the fundamental
diagrams of pedestrian flow characteristics developed for various flow types and geometric
elements using various approaches such as field, experimental and simulation were discussed.
The design values of flow parameters and walking speeds of pedestrians at various facilities in
the literature were presented. Based on the thorough review of literature, it is identified that
limited research has been carried out in India for understanding pedestrian dynamics in the
context of development of the fundamental diagrams. In this regard, present study is aimed to
develop fundamental diagrams of pedestrian flow characteristics for different infrastructural
elements in public transport terminals in Indian scenario. Pedestrian data has been collected in
Delhi metro railway stations on various infrastructural elements such as corridors, stairways
and escalators. The pedestrian characteristics on corridors and stairways for different flow
conditions such as unidirectional, bidirectional were studied. To extract the relevant data, a

semi-automatic video image processing MATLAB® based tool is developed. Video data
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(covering peak and non-peak hours) was extracted on each element considering different
pedestrian attributes such as gender, age and luggage. A new methodology has been proposed
for calculating pedestrian density on escalators which helps in estimating the capacity of the
escalator accurately. The average capacity (6552 Pedestrians/h) and maximum capacity (10530
Pedestrians/h) values obtained from this study are higher compared to the practical capacity
value (5850 Pedestrians/h) provided by National Building Code of India 2016 for an escalator
with speed of 0.65 m/s. Further, it is observed that the density on escalators is maximum when
the proportion of male pedestrians, pedestrians with no luggage or medium luggage, younger
and elder pedestrians is high. Finally, it is suggested that the capacity estimation procedure can
be applied to any escalator irrespective of whether the pedestrians are standing or walking, as
the method depends on pedestrian flow. The design values of pedestrian flow characteristics
for stairs, corridors for Indian conditions are provided and compared with the existing
guidelines and studies. It is observed that the maximum density and density at maximum
specific flow values for stairs proposed by Indo HCM (2017) are higher compared to the design
values proposed in this study. Pedestrian speeds on stairs in unidirectional and bidirectional
movements are varying significantly. Further, it is found that the speeds in bidirectional
movements are higher compared to unidirectional movements. Hence changing the directional
movement of pedestrians on a facility from unidirectional to bidirectional or vice versa would
have an impact on pedestrian flow characteristics. Finally, it is anticipated that the results of
this study provides insights into fundamental diagrams of pedestrian flow characteristics and
walking behaviour of pedestrians. This would help in the design of different infrastructural

elements of the pedestrian facilities effectively.
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