
Capacity Analysis of the Union Station 
Rail Corridor using Integrated Rail and 
Pedestrian Simulation

Yishu Pu
MASc Student

Department of Civil Engineering

University of Toronto 



Presentation Outline

ÁIntroduction

ÁRailway Capacity Approaches

ÁToronto Union Station Rail Corridor

ÁData

ÁAnalytical Capacity Methods

ÁRailway Simulation

ÁIntegrated Rail and Pedestrian Simulation ïNexus

ÁScenario Tests and Results

ÁConclusion

2



Introduction
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Motivation

Á Growing train traffic at existing railway network

Á Platform crowding and limited platform space

Á Increased train arrivals could affect platform density while extended 
dwell time could delay train departures

Á Whether the infrastructure could support the anticipated service 
expansion (i.e. RER)

Á Comprehensive capacity analysis of a complex station area is 
necessary to identify the bottleneck
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Railway Capacity Approaches
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Railway System Capacity



Railway Capacity

Á Problem:
ï Results could vary largely due to different assumptions
ï Few studies compared methods in different categories
ï Virtually all dwell time is fixed (TCQSM, 2013)

Article Name Author Year Type

An analytical approach for the analysis of railway nodes 

extending the SchwanhªuÇerôs method to railway stations and 

junctions

De Kort et al. 1999

UIC Code 406 1st edition International Union of Railways 2004

Techniques for absolute capacity determination in railways Burdett and Kozan 2006

 Development of Base Train Equivalents to Standardize Trains 

for Capacity Analysis
Lai et al. 2012

Transit Capacity and Quality of Service Manual Kittelson & Associates, Inc. et al.2013

A synthetic approach to the evaluation of the carrying capacity 

of complex railway node
Malavasi et al. 2014

A Model, Algorithms and Strategy for Train Pathing Carey & Lockwood 1995

Optimal scheduling of trains on a single line track Higgins et al. 1996

A Job-Shop Scheduling Model for the Single-Track Railway 

Scheduling Problem
Oliveira and Smith 2000

UIC Code 406 2nd edition International Union of Railways 2013

An assessment of railway capacity Abril et al. 2008

US & USRC Track Capacity Study AECOM 2011

Evaluation of ETCS on railway capacity in congested area : a 

case study within the network of Stockholm: A case study within 

the network of Stockholm

Nelladal et al. 2011

Simulation Study Based on OpenTrack on Carrying Capacity in 

District of Beijing-Shanghai High-Speed Railway
Chen and Han 2014

Railway capacity analysis: methods for simulation and evaluation 

of timetables, delays and infrastructure
Lindfeldt 2015

Analytical 

Optimization

Simulation
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Platform

Pedestrian Movements

ÁTraditional dwell time modeling
ïBoarding/Alighting/Through passengers, 

Regression models (San & Masirin , 2016)

ÁPedestrian Modelling
ïAnalytical modelling
ïSimulation

ÁProblem
ïTraditional dwell time models can not show 

the platform density, or reflect the flow 
complication due to infrastructure layout

ïTransit vehicle arrival/departure time is 
fixed
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Train Car
Article Name Author Year Simulation

Pedestrian planning and design Fruin 1971

Social force model for pedestrian dynamics Helbing & Molnár 1995

The Flow of Human Crowds Hughes 2003

Autonomous Pedestrians Shao and Terzopoulos 2007

Pedestrian Simulation Research of Subway 

Station in Special Events
Zhao et al. 2009 Legion

Using Simulation to Analyze Crowd Congestion 

and Mitigation at Canadian Subway 

Interchanges

King et al. 2014 MassMotion

Use of Agent-Based Crowd Simulation to 

Investigate the Performance of Large-Scale 

Intermodal Facilities

Hoy et al. 2016 MassMotion



Integrated Simulation

ÁKey assumptions for individual simulators:

ïFixed dwell time

ïFixed train arrival/departure time

ÁCurrent models:

ïRail simulation with mathematical dwell time 
model (Jiang et al., 2015) (DôAciernoet al., 2017)

ïRail simulation with pedestrian simulation model 
(Srikukenthiran & Shalaby, 2017)
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Problem Statement

ÁFew studies compared methods in different 
categories

ÁInteractive effects of pedestrian and train 
movements are not well captured by 
individual simulator

Train 

Movements

Passenger 

Movements

?

10



Study approach

Analytical Capacity Analysis
(TCQSM, Potthoff method, DB method, Compression method)

Railway Simulation
OpenTrack

Railway and Pedestrian Simulation
Nexus Platform ïOpenTrack and MassMotion
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Case Study 
- Toronto Union Station Rail Corridor (USRC)
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Union Station Rail Corridor (USRC)

Á Built and opened in 1927
Á 760,000 square feet of total floor space
Á 14 track depots, 23 platforms, 350m long and 5m wide on average
Á Torontoôs transportation hub for GO Transit, VIA Rail and UP 

Express; as well as TTC
Á Canadaôs busiest transportation facility: 200,000 passengers pass 

through Union Station on most business day
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Á 155,000 GO Train passengers and 10,000 bus passengers on a 
typical business day

Á 208 daily GO Train trips

Á 43 million annual passengers for GO train and bus

Á 20 million annual passengers for TTC

Á 2.4 million annual passengers for VIA



Scope

Á Study time period: 8am to 9am

Á One station away on any rail service

Á Assume unlimited capacity at yards and through movements at the station

Á Focus on maximum number of GO train trips during peak hour
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Data
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Required Data

ÁInfrastructure data
ïTrack layout
ïSignal location
ïStation layout

ÁOperational data
ïSpeed limit
ïTrain profile and configuration
ïSchedule
ïDelay data
ïRidership
ïPassenger flow
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Manual Data Collection

ÁTrain Speed (GPS)
ÁCommonly-used Train Path Identification (Video 

Recording)
ÁEntry Delay at prior stations and Arrival Delay at Union 

Station (gotracker.ca)
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Manual Data Collection

ÁPlatform Staircase Passenger Volume Count

ÁPassenger Flow Count at Train Door

ÁDwell Time
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