Lecture 1.5

1.1 Definition, Objectives, and Scope
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Systems Approach to Traffic Engineering

A systems engineering approach treats traffic flow not as isolated vehicles on

asphalt, but as an interconnected, closed-loop socio-technical system.

The system components—Road User, Vehicle, Roadway Geometry, Traffic
Control Devices, and Ambient Environment—interact continuously. Feedback
loops determine system performance, safety levels, congestion points, and

environmental impacts.
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Administrative Framework for Traffic Management in

India

Traffic engineering in India operates under a multi-tiered administrative
structure comprising national, state, and local municipal authorities.

Key bodies include the Ministry of Road Transport and Highways (MORTH),
National Highways Authority of India (NHAI), Indian Roads Congress (IRC),
State Public Works Departments (PWD), Urban Development Authorities,
and Municipal Traffic Police.

@ MORTH: Formulates national road transport policies, safety legislation,
and Central Motor Vehicles Rules

@ NHAI: Responsible for development, maintenance, and tolling of National
Highway corridors

@ IRC: Prepares technical standard codes, geometric specifications, and
design guidelines

@ State PWDs & Municipalities: Execute construction, signal installation,
and maintenance of state/urban roads

o Traffic Police: Enforces traffic laws, manages peak-hour manual control,
and registers accident records
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Comprehensive Urban Transportation Planning (UTP

Process)

Urban Transportation Planning (UTP) is a long-term strategic process that
predicts future travel demand and guides infrastructure investments over 20-30
year horizons.

The traditional UTP process follows a classical 4-Step Travel Demand
Forecasting Model:

1. Generation R 2. Distribution & ('\él;"i?h:tpht N 4. Assignment
? ? i ?
(How many?) (Where to?) - (Which route?)
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Traffic Capacity and Level of Service (LOS) Concepts

Roadway Capacity is defined as the maximum sustainable flow rate of vehicles
that can reasonably pass a point during a given time period under prevailing
roadway, traffic, and control conditions.

Level of Service (LOS) is a qualitative measure describing operational
conditions within a traffic stream, graded from LOS A (free-flow, high
comfort) to LOS F (forced flow, severe breakdown/congestion) per IRC:106
guidelines.

LOS | Flow Condition Driver Comfort & Speed
A Free flow, low volume High speed, full maneuverability
B Reasonably free flow Minor restrictions on maneuverability
C Stable flow Maneuverability restricted (urban design)
D Approaching unstable flow | High density, freedom restricted
E | Capacity flow (v/c = 1.0) | Unstable, zero margin for fluctuations
F Breakdown / Forced flow | Stop-and-go conditions, queues
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Road Safety Audit (RSA) Framework

A Road Safety Audit (RSA) is a formal, systematic, and independent safety
evaluation of a new or existing road project, conducted by a qualified team of
independent auditors.

RSAs aim to proactively identify potential safety hazards and design flaws
before accidents occur, ensuring that safety considerations are integrated at
every project milestone.

Stage 1: Planning / Feasibility Stage Audit -; Route alignment choice
and land-use safety

Stage 2: Preliminary Design Audit -; Geometric alignments, sight
distances, cross-sections

Stage 3: Detailed Design Audit -; Junction details, sign locations,
marking plans, barrier choices

Stage 4: Pre-Opening / Construction Audit -; On-site inspection before
road opens to public traffic

Stage 5: Existing Road Audit -; Operational monitoring of high-accident
spots (Blackspots)
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Traffic Congestion Management Techniques

Solving urban traffic congestion requires balancing Supply-Side Management
(building infrastructure) with Demand-Side Management (Travel Demand
Management - TDM).

Because expanding road width often induces latent traffic demand, modern

traffic engineering relies heavily on TDM strategies to optimize existing road
network efficiency.

@ Supply-Side Measures: Junction channelization, flyover construction, lane
widening, one-way networks

@ Demand-Side (TDM) Measures: Congestion pricing, high-occupancy
vehicle (HOV) lanes, staggered work hours

@ Parking Management: Paid parking meters, restricting on-street parking
on major arterials

@ Public Transit Priority: Dedicated Bus Rapid Transit (BRTS) corridors
and transit-oriented development (TOD)
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Environmental and Social Aspects of Road Traffic

Road transport contributes significantly to urban environmental degradation,
generating vehicular tailpipe emissions (CO2, NOx, PM2.5, PM10), acoustic
noise pollution, microplastic tire dust, and urban heat island effects.

Traffic engineering interventions play a major role in environmental mitigation
by smoothing traffic flow (reducing stop-and-go acceleration), promoting
non-motorized transport (NMT), and enforcing low-emission zones.

@ Air Emissions: Idle engine idling at clogged signals increases carbon
monoxide and particulate pollution

@ Noise Pollution: Engine noise and horn abuse exceed permissible
residential decibel (dB) limits

e Mitigation Techniques: Signal synchronization (green wave) reduces
vehicle idling times

@ Arboriculture & Barriers: Planting roadside trees and installing acoustic
barriers along expressways
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Modern Technology: Intelligent Transportation

Systems (ITS)

Intelligent Transportation Systems (ITS) combine sensor technologies,
communications, data analytics, and control algorithms to manage traffic
operations in real-time.

Key ITS applications in modern smart cities include Adaptive Traffic Control
Systems (ATCS like SCATS/SCOOT), Variable Message Signs (VMS),
Automatic Number Plate Recognition (ANPR) for speed enforcement, and
FASTag electronic toll collection.

e Adaptive Traffic Signals (ATCS): Dynamically adjusts green phase timing
based on real-time loop/camera counts

o Variable Message Signs (VMS): Provides drivers real-time warnings on
traffic congestion, weather, and alternative routes

@ Automated Enforcement: ANPR cameras track red-light violations and
over-speeding automatically

@ Electronic Toll Collection (ETC): RFID FASTag system eliminates toll
plaza bottlenecks
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Economic Evaluation of Traffic Improvement Projects

Traffic engineering projects (flyovers, signal coordination, bypasses) require
substantial capital expenditure. Economic evaluation justifies these
investments by comparing financial costs against economic benefits over
project lifespans.

Primary economic benefits include Vehicle Operating Cost (VOC) savings,
travel time savings for passengers, and monetized reductions in accident
fatalities and injury costs.

@ Cost Factors: Capital construction costs, right-of-way acquisition, annual
maintenance costs

o Benefit Factors: Reduced fuel consumption (VOC savings), passenger
time savings, reduced accident costs

o Evaluation Methods: Benefit-Cost Ratio (BCR ; 1.0 required), Net
Present Value (NPV), Internal Rate of Return (IRR)

@ Social Return: Demonstrating return on public tax investments for
infrastructure improvements
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Integrated Case Study: Urban Arterial Traffic

Corridor Redesign

Consider a 5 km urban arterial corridor suffering from LOS E/F congestion,
high pedestrian crash rates, un-synchronized signals, and chaotic roadside
parking.

An integrated traffic engineering project applies: 1) Physical channelization
and removal of hazardous median openings, 2) Installation of adaptive
synchronized signals, 3) Dedicated footpaths and zebra crossings, 4) Off-street
parking management, and 5) Real-time VMS displays.

@ Problem: Severe congestion (LOS F), high conflict points, signal delay =
120s/intersection

@ Interventions: Channelization, 4-phase adaptive signal synchronization,
designated parking bays

@ Results: Corridor travel time reduced by 35%, average delay cut to
30s/intersection, LOS improved to C

@ Safety Improvement: Pedestrian conflict points eliminated; total annual
crashes reduced by 50%
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Unit 1 Comprehensive Summary and Review

Unit 1 has provided a complete foundation in Traffic Engineering across five
comprehensive lectures.

We covered Definition, Objectives, Scope & 3 E's (L1), Road User Factors &
Vision Cones (L2), Static/Dynamic Vehicular Traits & PCUs (L3), Driver
Reaction Time & PIEV Theory (L4), and Systems Frameworks, LOS, RSA, &
ITS (L5).

@ Lecture 1: Core Definition, 3 E's (Engineering, Enforcement, Education),
and Flow Equation g = k * v

@ Lecture 2: Physical/Mental User Characteristics, Cone of Vision, and
Pedestrian Speed (1.2 m/s)

o Lecture 3: Static Dimensions, Axle Loads, Braking Distance
(dp = v?/2gf), Off-tracking, and PCU (IRC:106)

o Lecture 4: PIEV Theory (Perception, Intellection, Emotion, Volition),
Reaction Time t = 2.5s, Lag Distance d; = 0.278Vt

@ Lecture 5: Systems Approach, Level of Service (A-F), Road Safety
Audits, TDM, and ITS Technology

@ Unit 1 Mastered! Next Unit: Unit 2 - Traffic Data Collection and Studies
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