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Preface

Infrastructure projects play a crucial role in driving economic growth and devel-
opment in India. The country has witnessed a significant focus on infrastructure
development in the past two decades, and the trend is expected to continue in future.
However, according to the Ministry of Statistics and Programme Implementation
(MOSPI), time and cost overruns distressing major infrastructure projects led to
financial impact of Rs. 4.5 trillion as of December 2022. This has an impact on both
the productivity and the profitability of such projects.

Given this context, it has been found that the successful implementation of
Lean principles has benefitted organizations significantly. Further, with the industry
moving towards prefabrication and digitization, Lean-integrated digital tools have
the potential to manage resources in an optimum manner without compromising on
time, cost and quality.

However, there is a need to bring Lean awareness to construction corporates,
government contract companies and stakeholders in the academic and research
domains. This is because studies have also indicated that only under 10% of Lean
implementation initiatives have actually been successful. This success rate can be
attributed to two factors—lack of awareness regarding Lean and restricting Lean
implementation to tools and techniques. The need of the hour is to recognize that
Lean Transformation is more of a methodological, systemic and cultural transforma-
tion that can be engendered through interventions at various levels. This was the main
objective of the Fifth International Lean Construction Conference (ILCC) hosted by
the National Institute of Construction, Management and Research (NICMAR) in
collaboration with the Institution for Lean Construction Excellence (ILCE) at its
Hyderabad campus from December 13 to 16, 2022.

The overarching theme of the conference was “Sustainable Lean Construction”.
While the workshop sessions were focussed on creating the digital and cultural aware-
ness related to Lean Transformation, the invited national and international speakers
and panellists engaged with the current trends, issues and possible solutions for
Lean Implementation in the construction and infrastructure domains. The technical
sessions provided a forum for discussing some cutting-edge Lean research initiatives
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viii Preface

in the construction domain. The delegates included owners, contractors, consultants,
coaches and academics.

This book comprises some selected research papers from this conference dealing
with several topics and research areas which will be beneficial to students, researchers
and professionals working in the field of Lean Construction. These include

Lean Culture and Behaviour

Lean Health, Safety and Quality

Leadership and Motivation for Lean Implementation
Digital Technologies/BIM and Lean

Automation and Industry 4.0 in Lean

Lean Design Management

Lean in Sustainable and Green Technologies

Lean Supply Chain Management and Offsite Construction
Lean in Public Sector

Lean in Contract Management

Lean Production Planning and Control
Cost—Benefit/Return on Investment (Rol) of Lean Implementation
Lean Readiness and Maturity

Waste and Productivity

Integrated Lean Project Delivery

Lean in Modern Construction Techniques

Teaching Lean and Way Forward.

I'thank all authors, co-editors, reviewers, volunteers, faculty and staff of NICMAR
Hyderabad, ILCE board members and our sponsors for their support and cooperation
during this event. I would also like to thank the team at Springer Nature for publishing
the conference proceedings.

Hyderabad, India Dr. Anil Kashyap
Director General—NICMAR
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Construction of 80 m Steel Open Web m
Girder Over Gaddigodam Railway Span oo
in Nagpur—A Lean Approach

Sarbajit Roy Choudhury, Pradeep Kumar, and Roshan Lal

Abstract The Nagpur Metro Reach-2 viaduct project is a unique project from many
aspects. The project team overcame all kind of challenges including the global
pandemic COVID-19 and was truly focused to achieve the given target. The project
team used various innovative techniques, did detailed planning, adopted time saving
approaches by adopting Lean approaches and team work to achieve the stiff target
of completion of 3 months for the erection of 80 m open web girder over the railway
tracks. The safety and quality parameters were given highest priority during the
process of superstructure erection. Unique challenges and working on new method-
ology and continual guidance from specialists motivated the team to accomplish the
job. Apart from presence of railway tracks and OHE lines, launching methodology
and time constraint, transportation of oversized and heavy components of truss was
one of the problems which was mitigated by prior checking of route by dry run of
ODC trailer. The 80 m steel span launching included assembly of members over
temporary structures in three parts, pulling of assembled part over railway tracks and
assembly of balance members over temporary structures. Part 1 and Part 2 of the
structure were assembled over temporary supports in parallel, thereby reducing the
waiting time for successor activities. The project team analysed the total workflow
and the cycle time in order to remove the waste to achieve the minimum time required
for superstructure erection. The findings in this paper demonstrate that through effec-
tive application of Lean methods waste can be removed from the workflow and stiff
completion targets can be achieved.
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Fig. 1 Route map of Nagpur metro

1 Definition of Waste

In Lean thinking waste involves many kinds of waste, including the waste of excessive
human motion, over production, etc., and to make the process more that reduces cost
and improves overall revenue. Under the Lean system, seven wastes are identified:
overproduction, inventory, motion, defects, over-processing, waiting, and transport.

2 Introduction

Nagpur Metro Phase-1 consists of two corridors North—South and East—West with a
total length of 41.7 km out of which 17.087 km, i.e. 41% of the viaduct was awarded
to AFCONS in Reach-2 (North—South corridor) and Reach-3 (East—West corridor)
stretches. AFCONS has executed more than 51% of the value of civil structure for
Nagpur Metro Project. AFCONS has executed Reach-2 package in North—South
corridor which consists of India’s longest 5 km double decker structure for metro
viaduct and 1.7 km metro viaduct structure which starts from Automotive Square on
Kamptee Road and ends at Sitabuldi (Fig. 1). AFCONS had also executed 11 spans
and 4 elevated stations in Reach-1 of Nagpur Metro Project.

3 Project Details

Nagpur Metro Phase-1 consists of two corridors North—South and East—West with a
total length of 41.7 km out of which 17.087 km, i.e. 41% of the viaduct was awarded
to AFCONS in Reach-2 (North—South corridor) and Reach-3 (East—West corridor)
stretches. AFCONS has executed more than 51% of the value of civil structure for
Nagpur Metro Project. AFCONS has executed Reach-2 package in North—South
corridor which consists of India’s longest 5 km double decker structure for metro
viaduct and 1.7 km metro viaduct structure which starts from Automotive Square on
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Kamptee Road and ends at Sitabuldi (Fig. 1). AFCONS had also executed 11 spans
and 4 elevated stations in Reach 1 of Nagpur Metro Project.

In order to commission the metro viaduct structure by mid of April 2022, the
client gave a 3 months target on 18 December 2021 after discussion between MD
Maha Metro and EVC of AFCONS to complete the 80 m railway span open web
girder by 17 March 2022 in order to facilitate the opening of the full Reach-2 metro
stretch. As per the approved baseline program, the total construction duration of the
80 m railway span was approx. 7.5 months.

4 Challenges and Methodology

The 80 m railway span (Fig. 2) is located at the most congested area of the alignment
where access to the site for equipment movement and material storage is quite next
to impossible. The stretch is also part on the major connectivity route between rural
and urban location of Nagpur due to which very high traffic volume is present along
the stretch. At the crossing, 150 number of railway movement per day, i.e. roughly
more than average 6 trips per hour with peak railway movement of 8 trips per hour,
is scheduled.

Due to the presence of railway track, any works carried out within the railway
boundary would require permission from the railway authorities. The establishments/
shops, workshops along the work location led to very limited options for erection of
the OWG. Different erection/launching schemes were explored—Full span launching
with nose from either side of the railway tracks, incremental launching, etc. However,
all these launching methods did not fructify due to non-availability of land and pres-
ence of utilities—large diameter water lines at the proposed temporary foundation

Fig. 2 80 m railway span open web girder general arrangement
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locations. The difficult part of the substructure construction was to build the 4 tempo-
rary supports on the railway embankment. The constraints were evolving one after the
other and at a point of time during the planning stage it looked like the construction
works will be seriously jeopardized [1].

The project team proposed the part erection and part launching scheme—a hybrid
model which have never been tried for any steel structure crossing over the railway
tracks of the Indian Railways. The hybrid model of launching the 80 m truss (Figs. 3,
4, 5 and 6) was planned to be done in 3 parts, namely

Part 1—20 m—2 panels stationary at one end (Weight—387.5 MT).

Part 2—30 m—3 panels erected and pulled to connect with Part 1 (Weight—
581.25 MT).

Part 3—30 m—3 panels erected behind the Part 2 in continuation after completion
of Part 2 launching (Weight—581.25 MT).

In total approx. 80,000 nos. of HSFG bolts (M24 10.9 grade) were used for the
assembling of the structure and 28 nos. of torqueing machines including 5 nos. elec-
tronic high-speed torque machines brought from other site was used for the torqueing
purposes. In order to expedite the design works of the temporary structure, local
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designer from Nagpur was appointed as per client request. Also, as per client request
additional third-party reviewer for the temporary works design was appointed.

The review by client appointed DDC was started in October 2022 and completed
in 24 December 2022. Additional fabrication works of 150 tons were carried out to
meet the DDC requirements (additional bracings in track girders, round stiffeners in
liners, etc.). The project team deployed total 32 nos. of welders (16 nos. in each shift)
to complete the additional works of strengthening works of the temporary structure.
The project team identified different activities which were to be carried out during
the day and night shift to reduce the duration of the works [2] by doing parallel
activities and reduce the waiting time (Table 1).

The project team did detail planning to identify and remove nonvalue adding
activities and making activities in parallel in order to reduce the time cycle. Figure 7
shows the areas where improvements (Fig. 7) were made to achieve the schedule
completion date.

The project team also gave immense importance to avoid any defects during the
fabrication and erection of the structural steel members like proper alignment during
member erection, thorough checking during the full trial assembly, checking the
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Table 1 Day and night time activities for railway span

Day time activities Night time activities
a | Structural members erection a | Structural members erection
b | Members assembly b | Members assembly
¢ | Bolting and torqueing ¢ | Bolting and torqueing
d | Sand blasting and painting at fabrication |d | Sand blasting and painting at fabrication
yard yard
e | Members transport to site from fabrication
yard
f | Crane shifting

Use of 3 high capacity
cranes for parallel lifting

operation

Members transport 2

days in advance to site

Assembly of members

2 days in advance

Hourly planning for
erection of each

member

Construction of
additional access road

and storage area

Use of special paint

having less drying time

Use of halogen lamps to
accelerate drying of

paint during winter

Erection of multiple

members in a single
lift

Use of digital torque
machines for faster

torquing

Use of hanging
platforms at the joints

for bolting & torquing

Fig. 7 Areas of improvement

bolting and torqueing of each joint from the very beginning, continuous monitoring
of the whole structure during the erection for orientation and levels of the structure.

5 Use of 3 Nos. of High-Capacity Cranes for Parallel
Lifting Operation

Constraint: At the initial stage of the planning, the erection of the members at
railway span for members erection was planned with two numbers of high-capacity
cranes. However, in order to achieve the stiff completion target given by client and to
do more numbers of parallel members erection, the project team decided to remove
waiting time from the process.

Lean Method: In order to avoid waiting time, the project team decided to use an
additional one number of high-capacity crane. This helped to increase the number
of parallel lifts per day and meet the target date of erection completion (Fig. 8).
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| 500T Crane with
| super lift

Railway Tracks

Fig. 8 Use of 3 nos. of cranes for parallel erection of members

6 Members Transport 2 Days in Advance to Site

Constraint: The fabrication of the steel structure was carried out at Nagpur. The
fabrication yard was located approx. 35 kms from the erection site. As multiple cranes
were deployed for erection purposes, so it was the highest priority for the project
team to feed the members to all the cranes in a timely manner and to eliminate the
waiting time between the two successive lifts.

Lean Method: The delay in the transportation of the structural members was avoided
by transporting the members to site 2 days in advance in order to ensure that cranes
do not become idle at any point of time. To ensure smooth transport of trailers, the
project team deployed 6 nos. of retired police officers with pilot cars to escort the
trailers from the fabrication yard to the site.

The transport of members by trailers were planned in advance, and type of trailers
to be used (Normal, ODC) were identified in advance a list of trailers (refer Table 2)
for structural member transportation was prepared and used for monitoring purposes.

7 Assembly of Members 2 Days in Advance

Constraint: Waiting for assembled structural steel members for lifting.

Lean Method: The project team ensured that the assembly of the members on ground
is completed well in advance, so that there is no waiting time for the cranes during
the lifting operation. The project team ensured that the bolting and torqueing is
completed on time and checking by client is also completed well in advance. By
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adopting this method, the project team ensured that there are no defects in assembly
of members and torqueing of bolts. This approach helped the site team to achieve
faster work progress with minimum time wastage.

8 Hourly Planning for the Erection of Each Member

Constraint: Delay in structural steel members erection.

Lean Method: The project team did the detail planning for each member erection
for Part 1, Part 2 and Part 3 members. The detailing was done by the team for each
shift (day and night) in order to control the erection time of each crane and monitor
any deviation from the planned duration. The shift-wise lifting program including
the number of bolts required in each joint (refer Table 2) for crane releasing before
erection of next member helped the project team to reduce the time cycle of each lift.
All the required bolts and nuts for each individual joint were kept ready in advance
to avoid any wastage of time and avoiding use of wrong bolts and replacement of the
same at a later stage.

9 Construction of Additional Access Road and Storage
Area

Constraint: To avoid delay in transportation and shortage of storage area.

Lean Method: The project team developed additional access road and storage area
near to the erection site to store and assemble structural members two days in advance.
The temporary area and road development along the railway tracks were completed
within 3 days (total volume approx. 11,000 m®) after taking permission from the
railway authorities. The creation of additional access road and storage area (Fig. 9)
helped the project team to avoid any delays and idling of cranes.

The additional storage area also helped for materials stacking for deck slab
construction in advance as deck slab construction was completed immediately after
truss lowering operation was completed.

10 Use of Special Paint Having Less Drying Time

Constraint: To reduce waiting time during the painting of the members.



