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Abstract

Vytilla Junction, located in Ernakulam District, Kerala, India, is one of the most critically
congested traffic nodes in the Kochi metropolitan region. Serving as the primary convergence
point for National Highway NH-66, major urban arterials, and the Vytilla Mobility Hub—a
multi-modal transit terminal integrating road, metro rail, and water metro systems—the junction
experiences Level of Service F (LOS F) conditions throughout the day. Despite the construction
of the Vytilla Flyover intended to decongest NH-66 through traffic, surface-level congestion
persists due to severe turning movement conflicts, constrained carriageway widths under flyover
piers, unregulated bus stoppages, and unmanaged pedestrian flows. This paper systematically
analyzes the existing traffic problems and proposes a phased set of mitigation measures rooted
in Transportation Systems Management (TSM) principles. Key proposals include a one-way
circulatory looping system to eliminate cross-traffic conflicts, selective geometric
reconfiguration within the existing Right-of-Way (RoW) without land acquisition, signal phase
optimization, dedicated bus bay provision, and multi-modal pedestrian safety infrastructure. The
study demonstrates that these integrated engineering and management interventions are capable
of significantly improving traffic throughput, enhancing pedestrian safety, and upgrading the
Level of Service at this hyper-complex urban junction.

Keywords: Traffic congestion;, Vytilla Junction; Level of Service; Transportation Systems

Management, One-way loop, Multi-modal transit hub, Signal optimization; Pedestrian safety;,
NH-66; Kochi.

I. Introduction

Urban traffic congestion has emerged as one of the most critical infrastructural and
socioeconomic challenges in rapidly developing metropolitan regions. As cities expand, the
resultant mismatch between dynamic travel demand and static road capacity leads to severe
operational inefficiencies, particularly at major at-grade intersections where high-volume traffic
streams converge [1].
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Viytilla Junction, located in Ernakulam District, Kerala, represents the most prominent, complex,
and heavily saturated traffic node in the Kochi metropolitan region. Strategically positioned on
National Highway 66 (NH-66)—a major north-south economic corridor—and intersecting with
critical urban arterials such as Sahodaran Ayyappan (SA) Road to the west and the
Thripunithura-Ettumanoor State Highway to the east, the junction plays an indispensable role in
facilitating regional transit, intercity freight, and intra-city commuter movement [2].

Over the past two decades, the Greater Cochin region has experienced unprecedented spatial
expansion. The proliferation of commercial IT hubs, residential suburbs, and industrial zones has
exponentially increased vehicular trip generation. Consequently, the traffic volume converging at
Vytilla Junction has surged far beyond its theoretical capacity. Unlike conventional urban
intersections that exhibit distinct cyclical congestion during morning and evening peak hours,
Vytilla Junction presents a unique operational anomaly: it experiences sustained high saturation
for nearly the entire day [3]. Traffic queues frequently extend several hundred meters along all
approach alignments, often spilling back into upstream intersections like Palarivattom and
Kundannoor, thereby inducing cascading network failure across Kochi's transport grid.

A defining characteristic of Vytilla’s traffic complexity is the high volume of conflicting
directional movements operating within a severely constrained Right-of-Way (RoW). Despite
the recent commissioning of the six-lane Vytilla Flyover along the NH-66 alignment, surface-
level congestion remains functionally unmitigated. The flyover successfully isolates regional
straight-through traffic; however, a massive proportion of traffic demand consists of turning
movements and localized cross-traffic between the highway and city arterials. The massive
reinforced earth (RE) walls and foundational piers of the flyover have drastically consumed
available surface space, reducing effective carriageway width and exacerbating what this study
terms the “Flyover Paradox™ [4].

This paper is organized as follows: Section II presents the study objectives; Section III reviews
relevant literature; Section IV describes the project background and site characteristics; Section
V analyzes existing traffic conditions and their feasibility implications; Section VI presents
functional and engineering design proposals; and Section VII concludes with actionable
recommendations.

I1. Objectives

The primary objective of this study is to analyze existing traffic conditions at Vytilla Junction

and to develop feasible, evidence-based mitigation strategies. The specific objectives are:

* To quantify existing traffic conditions by conducting traffic volume counts, vehicle
composition surveys, and peak hour analysis for all major approaches.

* To identify and measure traffic bottlenecks and congestion causes by analyzing queue lengths,
delays, and conflict points under prevailing traffic control and geometric conditions.

* To evaluate pedestrian movement and safety conditions by assessing pedestrian volumes,
crossing locations, delay times, and conflict interactions.
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* To assess the impact of heavy vehicle movement on junction capacity, delay, and level of
service.

* To evaluate the effectiveness of existing traffic management measures, including signal
timings, lane utilization, and enforcement practices.

* To develop and recommend feasible traffic mitigation measures aimed at improving junction
performance, safety, and level of service within the constraints of available right-of-way and
projected traffic growth.

III. Literature Review

A. Global Congestion Indices and Urban Mobility Challenges

The severity of traffic congestion in Kochi is not merely a localized perception but a quantifiable
macroeconomic issue. Recent global traffic congestion indices have identified Ernakulam among
the most congested urban centers, attributing its poor performance to high vehicular density,
linear coastal geography restricting lateral road network expansion, and heavy reliance on private
transport [5]. These macro-level demand pressures culminate in micro-level operational gridlock
at critical nodes such as Vytilla Junction.

B. Urban Traffic Congestion in Indian Cities

A comprehensive review of urban traffic congestion in India reveals fundamental differences
from homogeneous traffic models used in Western nations. Indian traffic is characterized by
extreme heterogeneity—a chaotic mix of passenger cars, heavy multi-axle commercial vehicles,
autorickshaws, and densely packed two-wheelers. This lack of lane discipline fundamentally
invalidates traditional capacity models assuming strict vehicular following behavior [6].
Research consistently indicates that root causes include inadequate carriageway capacity,
unscientific intersection geometry, unregulated roadside friction, and the failure to integrate
land-use planning with transport infrastructure. Crucially, contemporary reviews conclude that
while large-scale infrastructure projects such as grade separators and flyovers provide temporary
relief, they often shift bottlenecks to the next downstream intersection [7]. The literature heavily
advocates for Transportation Systems Management (TSM)—low-cost, high-impact measures
such as intelligent channelization, localized bottleneck removal, and strict enforcement.

C. Regional Case Studies on Intersection Geometry and Signalization

Research conducted on Baker Junction in Kottayam identified inadequate junction capacity, high
frequency of conflicting turning movements, and lack of scientific traffic management as
primary catalysts for severe delays [8]. The study emphasized the necessity of Classified Turning
Movement Counts (CTMC) and redesign of traffic islands to ensure proper weaving lengths and
turning radii. At Parakandam Junction, Kottayam, studies on signal operations revealed that
static pre-timed signal phases lead to massive inefficiencies, advocating for Webster’s method
for optimum cycle length and intelligent, demand-responsive signal control [9]. Research at
Thirumala Junction, Trivandrum demonstrated that even minor localized widening at the throat
of an intersection, combined with proper signal implementation, can drastically increase the
saturation flow rate [10]. An empirical study at HMT Junction, Kalamassery (Kochi) reinforced
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the necessity of localized data collection and demonstrated that engineering officials require hard
empirical data to justify junction improvements [11].

D. Pedestrian Dynamics and Multi-Modal Integration

A prior study at Vytilla Junction evaluated pedestrian flow and crossing behavior using Level of
Service (LOS) criteria from IRC:103-2012, highlighting severe pedestrian-vehicle conflicts
resulting from massive pedestrian volumes navigating unregulated at-grade crossings [12]. The
literature demonstrates that unchannelized pedestrian movement acts as a moving bottleneck,
significantly lowering vehicular saturation flow rate and increasing risk of fatal collisions. The
Kerala High Court has mandated the scientifically designed implementation of pedestrian zebra
crossings at all major urban intersections, making pedestrian safety a mandatory design
parameter rather than an optional enhancement [13].

E. Research Gap

The majority of reviewed literature treats intersections as isolated vehicular nodes. Very few
studies address the hyper-complex environment of a Multi-Modal Transit Hub (MMTH) overlaid
onto a major National Highway bypass that has recently undergone massive structural
modification. Previous studies on Vytilla were conducted prior to the completion of the Vytilla
Flyover, the Water Metro terminal, and the operational maturation of the Mobility Hub. The
current literature lacks an integrated, post-flyover empirical evaluation simultaneously modeling
highway through-traffic, heavy urban arterial cross-traffic, and multi-modal pedestrian transfers.
This study aims to bridge this critical research gap.

IV. Project Background and Site Characteristics

A. Geographic and Strategic Significance

Vytilla Junction operates as the central circulatory nexus for the entire Kochi metropolitan road
network, forming the primary convergence point where NH-66 intersects heavily saturated east-
west urban arterials. To the west, it channels traffic into SA Road, the primary conduit to
Kadavanthra, Ernakulam South, and the Central Business District (CBD). To the east, it connects
with the Thripunithura-Kottayam State Highway, the major gateway for daily commuter traffic
from eastern suburbs. The city’s linear coastal geography restricts parallel north-south road
network expansion, forcing virtually all regional freight, intercity transit, and intra-city traffic to
traverse the Vytilla influence zone [14].

B. Evolution into a Multi-Modal Transit Hub (MMTH)

Urban planning initiatives deliberately transitioned Vytilla from a conventional highway
intersection into a pioneering Multi-Modal Transit Hub (MMTH). The Vytilla Mobility Hub,
designed to decongest the city center by terminating long-distance interstate buses and KSRTC
operations outside the CBD, created an immense localized trip-generation point requiring
continuous daily influx of hundreds of heavy passenger buses. The addition of the elevated
Kochi Metro Rail station and the Kochi Water Metro terminal—featuring a high-capacity
terminal on the adjacent Kaniyampuzha River backwaters—created an unprecedented
convergence of road, rail, and water transit [2]. This multi-modal integration fundamentally
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altered the junction’s operational profile, generating continuous high-density pedestrian transfers
and paratransit activity that standard highway intersection geometry cannot accommodate.

C. The Flyover Paradox

A critical infrastructure paradox defines Vytilla’s congestion challenge. The six-lane Vytilla
Flyover, conceived to elevate straight-moving north-south highway traffic above localized urban
cross-traffic, successfully isolated regional through-traffic. However, a retrospective operational
analysis reveals a severe unintended consequence: the flyover’s massive reinforced earth (RE)
walls and foundational concrete piers aggressively consumed the available surface Right-of-Way
[4]. The effective carriageway width at ground level was drastically reduced, compromising the
turning radii required for heavy multi-axle vehicles and intra-city buses. As vehicles slow to
navigate these structurally tightened loops, they cause immediate queue spillbacks that block
free-left slip lanes and adjacent through-lanes. The flyover thus solved the highway problem by
exacerbating the local intersection problem, proving that isolated vertical infrastructure is
insufficient without extensive surface-level geometric remodeling.

D. Traffic Heterogeneity and Environmental Impact

The operational failure at Vytilla must be contextualized against Kochi’s rapid decentralized
urbanization. The v/c ratio at Vytilla Junction frequently hovers near or above 1.0 throughout the
entire day, sustaining a degraded Level of Service F from early morning until late evening [15].
This relentless demand is compounded by extreme traffic stream heterogeneity: Heavy
Commercial Vehicles (HCVs) carrying container freight to ICTT Vallarpadam via NH-66;
volatile two-wheeler platoons that violate lane discipline; and unregulated public transit friction
from stage carriages halting directly at the junction throat. Sustained gridlock generates
hazardous concentrations of particulate matter (PM2.5 and PM10) and nitrogen oxides (NOx)
from idling diesel engines, posing severe public health risks to the surrounding urban populace
[14].

V. Current Status and Feasibility Analysis

A. Current Operational Dynamics

Vytilla Junction currently operates under chronically congested, oversaturated conditions, firmly
at LOS F with a Volume-to-Capacity (v/c) ratio consistently exceeding 1.0 across extended
periods. Static signal timing plans fail to adapt to dynamic demand fluctuations, resulting in
disproportionate cycle lengths and grossly inadequate green time for critical approaches such as
the Thripunithura corridor. Vehicular queues frequently stretch several hundred meters
backward, choking the Kaniyampuzha bridge approach and paralyzing eastern entry points [3].

B. Pedestrian Vulnerability and Multi-Modal Friction

The junction’s immediate operational influence zone includes the Vytilla Mobility Hub, elevated
Kochi Metro Rail station, and the adjacent Kochi Water Metro terminal. While this integration
represents a triumph of urban transport planning, the current ground-level reality is one of severe
operational friction. Hundreds of stage carriages, Metro feeder buses, and paratransit vehicles

www.ijir.info | Volume 2 (Issue 10) | June, 2026 Page 18

AR, FERS OO RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)




International Journal of Innovations in Research
ISSN: 3048-9369 (Online)

continuously converge at the junction, frequently halting outside designated bus bays and
effectively amputating leftmost carriageway lanes [12]. The absence of comprehensive grade-
separated crossings forces massive volumes of transferring commuters into at-grade crossings,
continuously interrupting vehicular flow, particularly disrupting free-left turning slips.

C. Feasibility of Proposed Interventions

The feasibility of the proposed study and its recommendations is established across multiple
domains. Technically, primary empirical data—Classified Turning Movement Counts (CTMC),
directional volume counts, pedestrian surveys, and spot speed studies—can be captured using
non-intrusive high-definition videography from elevated vantage points such as the Metro
station. The analytical framework employs standardized IRC codes: IRC:106-1990 for urban
road capacity, IRC:SP:41-2014 for at-grade intersection design, and IRC:103-2012 for pedestrian
facilities [1][2][3].

Operationally, the proposed measures are structured across three phased timelines. Short-term
TSM strategies require negligible capital expenditure yet offer massive returns in operational
efficiency. Medium-term geometric corrections and ITS implementation are feasible within
current land boundaries. Administratively, the proposals align with Kerala High Court directives
on pedestrian safety and with NATPAC’s empirically driven policy framework [13][16].

VI. Functional and Engineering Design Proposals

A. Road Widening Without Land Acquisition

The primary engineering intervention proposed is strategic, selective road widening strictly
within the confines of the existing Right-of-Way. A detailed topographic and geometric survey
reveals that the theoretical carriageway width is rarely fully utilized due to oversized central
medians, poorly aligned traffic islands, and extensive roadside friction. By redesigning and
narrowing existing wide medians using mathematically derived turning radii through auto-turn
swept path analysis, and rationalizing kerb alignments, an entire additional lane width can be
practically achieved without acquiring private land [1].

The engineering design mandates strict removal of roadside obstructions through physical
enforcement using rigid bollards and the engineering of scientifically designed, indented bus
bays and lay-bys per IRC:80 guidelines. By recessing bus stops into available unpaved shoulder
spaces or reconfigured footpath edges, public transit can serve passengers without blocking the
primary vehicular stream. Uniform, standardized lane widths of 3.5 m demarcated by high-
visibility thermoplastic striping will eliminate lane straddling and non-lane-based heterogeneous
behavior.

B. One-Way Circulatory Looping System

The central engineering innovation of this study is the introduction of a macro one-way looping
system for the eastern transit corridor. At a complex multi-leg intersection like Vytilla, total
intersection delay is exponentially related to the number of conflicting traffic movements. The
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proposed system creates a one-way pair using existing roads to separate bidirectional flows and
drastically reduce the conflict matrix.

Under the proposed design, direct at-grade entry from the Kaniyampuzha approach into Vytilla
Junction will be strictly prohibited. All inbound vehicular traffic from this direction will be
mandatorily diverted into the pre-existing Vytilla Mobility Hub service road, emerging at a
single, controlled exit point and executing a structured right turn to merge into the main junction.
Chaotic right-angle crossing conflicts are thus converted into safer, channelized merging
maneuvers.

Conversely, all outbound traffic destined for Thripunithura will be channeled to enter the
Kaniyampuzha road directly from Vytilla Junction, forming a “One-Way Pair.” A critical
component targets Thripunithura-bound stage carriages: these buses will be re-routed through
Power House Road, executing a free-left merge onto NH-66 southbound and utilizing an
optimized U-turn facility to rejoin the northbound carriageway, finally executing a free-left into
SA Road. This effectively eliminates the need for a signalized crossing phase for these buses
entirely.

The functional impact is transformative: removing specific right-turning movements from the
central intersection allows the traffic signal controller to operate on fewer phases. A reduction
from a complex four- or five-phase signal to a streamlined three-phase signal drastically reduces
“lost time” (clearance intervals) and increases effective green time apportioned to high-volume
straight-through approaches [7].

C. Traffic Signal Optimization

The transition from static pre-timed signal phases to Intelligent Transport Systems (ITS)-based
adaptive signal control is a non-negotiable requirement for sustainable operational improvement.
Camera-actuated adaptive signal controllers that adjust phase times based on real-time approach
queue lengths will address Vytilla’s unpredictable traffic surges generated by the Mobility Hub
and regional highway traffic [9]. Webster’s method for optimum cycle length calculation will
form the mathematical basis for initial phase design, with ITS enabling dynamic adjustment
thereafter.

D. Pedestrian Safety Infrastructure

The current infrastructure lacks comprehensive, universally accessible grade-separated crossings
to link the three major transit nodes. The functional design mandates integration of pedestrian
desire lines into the geometric model, incorporating heavily protected pedestrian refuge islands
within redesigned median spaces. Raised “table-top” pedestrian crossings synchronized with
pedestrian-actuated signal phases will be implemented, directly complying with Kerala High
Court directives [13]. Long-term goals include an interconnected skywalk system linking the
Mobility Hub, Kochi Metro station, and Water Metro terminal, eliminating the need for at-grade
pedestrian crossings entirely.
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Table I: Phased Mitigation Framework for Vytilla Junction

Phase Measures Expected Outcome
Short-Term Signal phase optimization (Webster’s Immediate reduction in delay,
(0—1 yr) method), channelization with bollards, improved saturation flow rate,
bus bay enforcement, removal of on- LOS upgrade by 1-2 grades
street parking, stricter enforcement
Medium- One-way looping system, geometric Significant conflict point
Term (1-3 yr) | redesign of traffic islands, indented bus reduction, improved pedestrian
bays per IRC:80, ITS adaptive signal safety, enhanced green time
control, table-top pedestrian crossings utilization, reduced queue
spillbacks
Long-Term Integrated pedestrian skywalk network, | Elimination of at-grade pedestrian
(3+ yr) feasibility study for east-west grade conflicts, full separation of
separation (underpass), NMT corridors | conflicting traffic streams, LOS D
for open space park or better

VII. Conclusion

This study has systematically analyzed the chronic, multi-dimensional traffic congestion at
Viytilla Junction, Ernakulam, and proposed an integrated set of engineering and management
solutions grounded in Transportation Systems Management (TSM) principles. The findings
clearly establish that existing infrastructure and pre-timed traffic management measures are
grossly inadequate to handle current and future traffic demands at this critical multi-modal urban
node.

The central contribution of this paper is the proposed one-way circulatory looping system for the
eastern transit corridor, which creates a “One-Way Pair” using the Vytilla Mobility Hub service
road (for inbound traffic) and the Kaniyampuzha Road (for outbound traffic), while re-routing
Thripunithura-bound stage carriages via the Power House Road loop. This innovative macro-
routing strategy eliminates the signalized crossing requirement for a significant proportion of
heavy vehicles, fundamentally reducing the junction’s conflict matrix and freeing substantial
effective green time for critical arterial flows.

Complementary proposals—selective geometric reconfiguration within the existing RoW
through median optimization and indented bus bays, ITS-based adaptive signal control, and
multi-modal pedestrian safety infrastructure including table-top crossings and long-term skywalk
integration—collectively address the junction’s vehicular, pedestrian, and multi-modal
operational deficiencies without necessitating extensive land acquisition.
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If implemented successfully, these low-cost, highly practical measures are expected to produce
measurable reductions in control delay and queue spillbacks, a marked improvement in Level of
Service, a drastic reduction in fatal pedestrian-vehicular conflicts, and significant reductions in
localized vehicular fuel consumption and greenhouse gas emissions. This study provides a
scalable, replicable framework for diagnosing and systematically addressing congestion at hyper-
complex multi-modal urban intersections in rapidly growing Indian cities.
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