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PRECAST CONCRETE
BUILDING CONSTRUCTION

IN INDIA - CHALLENGES AND

OPPORTUNITIES

Abstract

Widespread use of precast concrete for building construction
can address the rapid demands for timeliness, quantity, quality,
and affordable housing in India. Precast concrete construction
(PCC) has numerous benefits including efficiency in material use,
reduced embodied carbon through use of advanced blends

of cements, timely construction from parallel processes and
pre-finishing options, reduced environmental disruptions and
economic impact due to off-site construction. However, there
are some challenges to embrace this sustainable technology in
India. This paper discusses a few critical challenges. Solutions
are also concurrently recommended based on the vast
experience in India and worldwide on successful implementation
of PCC. Challenges and solutions are discussed by suitably
classifying them in technical, logistics, implementation, and
perception issues. Some of the solutions recommended can

be adopted rather quickly with existing technical knowledge,
and thoughtful reviews of code specifications, while others,
particularly those related to perception issues may require

more systematic efforts to address adequately. These solutions
will help India leverage the potential of PCC to transform the
building construction industry and address the demands for
housing and related infrastructure. The paper also provides case
studies of PCC buildings.

Keywords: Business models; Joints and connections; Precast
adoption challenges; Precast concrete construction; Precast
concrete hospitals; Standardization

1. INTRODUCTION

India’s urbanization requires significant infrastructure
development. By 2030, urbanization is expected to reach

42 % from the current 31 % . To meet this growing demand,
the productivity and quality of construction and its timely
delivery must improve. During the last two decades, although
the world economy has grown by 2.8 %, and manufacturing by
3.6 %, construction productivity has only grown by 1 % . New
technologies like precast and prefinished construction offer a
solution to meet these demands. Precast concrete construction

NANDEESH BABANAGAR*
RESMI GIRIRAJU

ROHINI PRABHUGAONKER
VELLORE GOPALARATNAM
AMIT BARDE
RADHAKRISHNA G. PILLAI

(PCC) is one of the offsite construction technologies where
components are produced in a controlled environment which
has several advantages with respect to quality, cost, timeliness,
and sustainability. While the advantages of PCC are widely
recognized and numerous studies have emphasized the
importance of more widespread use of PCC, its adoption
remains somewhat limited in many developing countries B,
Table 1 shows the level of adoption of PCC by various countries

and is based on published information from multiple sources.

Authors conducted a comprehensive study to investigate the
current level of precast adoption through a market survey
and follow-up interviews with industry experts and precast
companies in India. The survey/interviews conducted as part
of the current investigation included 54 participants from
academia, consultants, end users, contractors, and product
manufacturers. Results suggest that even while the Indian
precast industry has experienced only marginal growth in the
past decade, the industry is poised for significant advances in
the future. The survey identified the following 11 issues with
PCC, given the current state-of-the-art in India:

1. Code provisions are fragmented, outdated, and do not
reflect global industry practices.

Severe shortage of testing and certification facilities.
Transportation logistics need to be addressed.

Severe shortage of qualified precast concrete contractors.

ok~ w D

Lack of standardized precast sections that can improve
quality/cost.

6. Current contracts are inherently biased towards cast in-
place (CIP) construction.

7. Lack of awareness of PCC technology among consultants
and architects; hence, this option is not explored during
preliminary planning.

8. No use of sustainability rating system-based incentives for

PCC, reflective of actual practice.

9.  Capital cost for PCC is more than that for CIP constriction,

even if life-cycle costs are lower.
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Table 1: Level of adoption of precast concrete construction in various countries

COUNTRY LEVEL OF ADOPTION OF PRECAST CONCRETE REFERENCE

70 % of the total concrete construction is precast concrete construction. o

Finland )

74 % of this relates to structural precast concrete.
Russia Market share of precast construction is about 30 % o
Japan Market share of precast concrete (in housing sector) is about 20 % )
Germany Precast concrete contributes to 10 % of the housing sector. (31641
United 26 % of total concrete production is used for precast concrete construction. B
Kingdom 45 % of precast concrete is used in housing projects.Market share of precast (in housing sector) is about 5 %
United States 8 % of total concrete construction is precast concrete. Parking structures contribute to about 13 % of the market. )
of America Out of all precasting works structural precasting contributes to about 90 %.
China Market share of offsite construction (in housing sector) is about é % Bl
Australia and  Market share of offsite construction (in housing sector) is about 6 % Bl
New Zaland
India Market share of precast concrete is about 2 % tel

10. Existence of negative perception about safety and quality
of PCC.

1. Lack of skilled manpower for precast projects.

Authors have classified the various issues that pose impediments
to more ready acceptance of PCC in India for building
construction into technical, logistical/implementation, and
perception issues. Potential solutions and opportunities
recommended by the authors are also presented alongside the
discussions of current challenges.

2. CHALLENGES FOR WIDESPREAD USE OF
PCC IN INDIA AND POSSIBLE SOLUTIONS

2.1 Technical issues

2.1.1 Comprehensive and unified code
provisions

Most international codes treat PCC as a mainstream
construction technology and the design requirements are
specified in the main body of the reinforced concrete (RC)
code. The primary Indian RC code, IS 456 is mostly silent on
PCC. Other relevant Indian codes of practice such as ‘Code of
practice for construction with large panel prefabricates’

(IS 11447) 7, 'Building Design and Erection Using Prefabricated
Concrete - Code of Practice’ (IS 15916) ® and ‘Code of Practice
for Prestressed Concrete’ (IS 1343) ' provide fragmented
information and guidelines on precast construction. The
Building Materials and Technology Promotion Council (BMTPC)
also has published standards, specification and compilation of
certain guidelines and information regarding PCC '"*"". A more
recent handbook on PCC published by the Indian Concrete
Institute (ICl) "? is available that provides broad guidance. A
Bureau of Indian Standards (BIS) committee CED 32 is currently
tasked with developing a unified code for precast construction
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of buildings that will not only integrate current design guidelines
and codes of practice but will also incorporate some provisions
from other relevant overseas codes. Table 2 describes several
design considerations in international codes where the

precast system is acknowledged including requirements and/

or relaxations due to the superior quality control and off-site
fabrication. The list includes some broad design aspects of PCC
which can offer insights while updating Indian codes of practice.

2.1.2 Connection and joint detailing

The primary structural difference between CIP concrete
construction and PCC lies in the continuity of the structural
components resulting from differences in the construction
processes. Since PCC elements are typically made off-site and
assembled at the building site, it is important that adequate
attention be paid to structural continuity, load transfer
mechanisms, ductility and water tightness between the various
elements while connecting them. Joints and connections are
two key terms used in PCC to identify the interfaces between
two or more precast elements. Both joints and connections
transmit forces across the element-to-element interface and
hence they are often used interchangeably in published
literature, often causing confusion. For better clarity, and for the
context of this paper, a “joint” is defined as a linear interface
that is predominantly subjected to in-plane forces with smaller
magnitudes of lateral forces and limited flexural action. These
types of interfaces are often used in wall and floor diaphragms.
On the other hand, “connection” is a node “point” junction of
two or more beams and column elements that is subjected to a
combination of axial forces, shear forces and bending/twisting
moments. The ductility and continuity detailing of connections
is very critical to the seismic performance of concrete buildings
(both for CIP and PCQC).




Table 2: Comparison of important design provisions for PCC in overseas codes

Acknowledgement for Design requirements specific to precast ~ Additional rules and requirements  Exclusively for precast code
precast systems in the systems for precast are included
main body of the code (ACI 318 - 2019) (Section -10, EN.1992-1-1)
Structural integrity: Minimum requirements as well as specific  Various requirements in low rise as  Connections equivalent to monolithic
nominal connections for  requirements for bearing wall structures ~ well as high-rise buildings systems are to be adopted
walls and columns three storeys or more in height (Section -9.10.2, EN.1992-1-1) (Section -2.11.2)
(Section -16.2.4 16.2.5, ACI 318 - 2019)
Composite action - Distance from extreme compression fibre  Minimum thickness of 40 mm for ~ Minimum recommended thickness of
precast and topping to the centroid of tension reinforcement ~ composite element design 40 mm for composite action
(d) should be greater than 0.80h (Section -10.9.3 (8), EN.1992-1-1)  (Section -2.9.1.11)
(Section -16.4.4.3, ACI 318 - 2019)
Bearing design Minimum bearing for precast elements Specific requirements are given Specific calculations and requirements
(Section -16.2.6, ACI 318 - 2019) (Section -10.9.5, EN.1992-1-1) are mentioned (Section -2.7.9)
Minimum Reduced minimum reinforcement and Reduced shrinkage and
reinforcement for walls greater spacing. Transverse reinforcement temperature forces
is not required in prestressed walls equal  (Section -2.3.3 (3), EN.1992-1-1) NA

to or less than 12 ft in width.
(Section -11.6, ACI 318 - 2019)

Light weight concrete Modification factor is used to account Requirements for light weight
for the reduced mechanical properties of  aggregate are specified
light weight concrete. (Section -11, EN.1992-1-1) NA

(Equilibrium density of 90 -135 ft/Ib3)
(Section -19.2.4, ACI 318 - 2019)

Concrete cover Better quality control and reduced covers. 5 mm additional cover reduction in  Same as that used for conventional
In corrosive environments, cover shall a controlled factory environment construction (Section -2.4.3)
be increased at least one and one-half (Section -4.1.3.3, DD ENV 1992-
times the nominal cover given in section  1-3)
20.5.1.3.3
(Section -20.5.1.4.2, ACI 318 - 2019)

Lateral load resisting Specific requirements to achieve Specific requirements such that Transverse stability to be checked
elements structural integrity and ductility in high the design intent noted for CIP during erection. Prescriptive forces
seismic regions structures in EN.1992 is achieved  provided for which element must be
(Section -18.2.1.6 (d), (f), (h) and Table in precast systems and catered for. Checks are to be made for
R18.2, ACI 318 - 2019) connections for desired structural  progressive collapse.
integrity and ductility (Section -2.3.1)
(Section -5.11, EN.1998)
Topping as diaphragm Minimum 2" in composite and 2.5" in Minimum 70 mm thickness
non-composite (Section -5.1, EN.1998) NA
(Section -18.12.6.1, ACI 318 - 2019)
Shear friction - for PCI HB 4.3.6 Friction coefficient factors Requirements at the interface Similar to that specified in the PClI
effective panel to panel are given. Criteria for further improvement between concrete cast at different handbook (Section -2.8.1.5)
connections (Section -11.7, PCI Handbook 8) times (Section -6.2.5, EN.1992-1-1)
Corbel and ledge design  Efficient and production friendly design Based on strut and tie model Conventional concrete design
options are provided (Section -6.5, EN.1992-1-1) (Section -2.7.9.12)
(Section -4.5 and 6.8, PCl Handbook 8)
Tolerances Detailed requirement for element as well  Specified tolerances for Tolerances for production and erection
as joint tolerances. production under factory are provided based on the panel being
(PCI Handbook 8) conditions constructed. (Section -3.17)
(Section -10, EN.1992-1-1)
Dap design Detailed requirements for beams as well  Indicative detailing without specific
as thin stemmed elements requirements NA
(Section -4.6.3, PCl Handbook 8) (Section -10.9.4.6., EN.1992-1-1)
Torsion on beams Efficient design than the '‘Open Box' Conventional open box approach NA
approach (Section -4.4, PCl Handbook 8) (Section -6.3, EN.1992-1-1)
Building expansion joint Increased lengths for joint spacing Considered reduced shrinkage and
(Figure 3.10.20, PCI Handbook 8) temperature forces NA
(Section -2.3.3 (3), EN.1992-1-1)
Reduced Ld for dowel Considered reduced projections for easy
connections using installation NA NA
corrugated tubes (Section -6.4.3, PCl Handbook 8)
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The precast industry of India mostly relies on the traditional wet
and/or strong connections based on emulation of CIP approach
to ensure equivalent “monolithic connections” (connection with
equivalent strength and toughness to their CIP counterparts). As
this method requires in-situ works specially for the connections,
the intrinsic and well-recognized advantages of PCC (such as
high quality, fast construction and low cost) may not be achieved
adequately due to the uncertainties in in-situ works ['*). However,
this type of PCC is prevalent in foreign countries in the case

of industrial buildings with static scheme of portal frames up

to two-three storeys. The specific bracing elements (for drift-
control) or additional seismic resisting systems are usually used
to control higher lateral deformability associated with this
scheme. It includes discrete “socket” foundation, steel plate and
bolt systems, cast-in steel box fixed with injection grout along
with cast-in plate and steel pin etc.

The poor performance of traditional wet connections in seismic
regions can be prevented by adopting the relatively new
technology based on dry-jointed-ductile connections. This is
suitable for frames and walls of precast concrete buildings in
seismic regions. Here, the precast elements are joined together
through unbonded post-tensioning tendons (say, with strands
or bars). This acts as a ‘self-centering’ mechanism by providing
a rocking motion due to the opening and closing of an existing
gap provided; thereby accommodating the inelastic demand
within the connection itself '¥. This ensured maintaining

a reduced level of damage within the elastic range, when
compared to equivalent CIP solutions. The negligible residual
deformations/displacements obtained from the self-centering
contribution can be adequately considered as a complementary
damage indicator within a performance-based design or
assessment procedure. Hybrid system gives a promising

and efficient solution within the family of dry-jointed-ductile
connections. Here, the self-centering and energy dissipating
properties are combined using unbonded post-tensioning
tendons with either strands or bars and longitudinal non-
prestressed steel or additional external dissipation devices. The
peculiar hysteresis loop formed in such cases is referred to as
“flag-shape”. This leads to a high-seismic performance system
almost regardless of the seismic intensity .

Beam-column connection details and castellated wall joints
with edge lips using loop boxes that are currently popular

are among the details illustrated in Figure 1 (a-d). Figure 1d
illustrates a recently patented connector (PIC, Precast India
connector) used for wall-to-wall joints. It has also been used in
beam-column connections, where continuity of reinforcement
from beam-through-column-to beam has been affected 1'%,

The connector allows the flexibility of accommodating different
mandated development lengths required per current codes for
reinforcement bars of different diameters. Similar connector
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systems could enhance the seismic performance of PCC
systems.

In addition to structural demands of joints and connections,
good water tightness of the joints is necessary to ensure the
durability and functionality of the structure. There are limited
specifications available to ensure the water tightness of the
joints in the codes of practice for PCC in India. Enforcing tight
tolerance requirements often is necessary for watertightness

of joints. The water/moisture seepage issues are more likely to
occur due to the ‘non-conformance with the tolerance limits,
improper grouting/sealing and poor workmanship of joints,
which can lead to poor quality joints. Different types of joints
can be provided to address water tightness issues such as open
drained joints, compressible sealant joints, one stage joints and
two stage joints (especially in wall-to-wall joints). The use of
better-quality and stiffer formwork can also help in meeting the
required dimensional tolerance limits and ensure the desired
functionality ' In addition to these, water tightness test of wall
joints can be enforced in PCC industry (with or without pressure
chamber), to ensure the quality performance of joints "%,

2.1.3 Standardization

Standardization refers to the routine use of processes and
products, in which there is regularity, repetition in terms of
shape, size, transportation, handling, and erection processes '’
Standardization offers significant cost-benefits, improved quality
control, learning advantages through process repetition, and
reduced design iterations enabling smooth project progress!®.
Indian PCC industry will benefit from developing a library of
standardized structural elements (various types of beams,
columns, hollow-core slabs and wall panels, etc.) which will allow
designers to readily select suitable components that follow
specific design and detailing rules. This will help to transform
the operation from ‘engineer-to-order’ to 'assemble-to-order’;
thereby optimizing their production and shifting the “customer
order decoupling point” (the node in the supply chain network
where the activities are no longer driven by individual orders)
towards the project downstream. It will also play a crucial role

in promoting the development of micro small and medium
enterprises (MSMEs). For designers, the process becomes
quicker by reducing the design iterations. For end users, a high-
quality product will be available at the least possible time and
cost. For example, the Precast/Prestressed Concrete Institute
(PCI) Design Handbook in the USA provides guidelines for the
structural design of PCC structures, resulting in standardized
components for various spans and load capacities (Figure 2).
Similar standard sections are also recommended for precast
prestressed bridge girders by the American Association of State
Highway and Transportation Officials (AASHTO) I'?, greatly
simplifying design of common bridge spans. The Construction
Industry Development Board (CIDB) in Malaysia, has also
developed a catalogue of standard elements and detailing




TECHNICAL PAPER

Elevation

[ =ases ]

Section at A-A
(c)

Rebar splice H I Column longitudinal rebar
Prestressing strands \
(debonded in beams) \

——  Unbonded post-tensioning using threaded bars

Rebars at each face of beam terminating
17 clear from column face

il

J ’ \

iy
\ Main beam rebars with 90° hooks at
Joint filled with fiber ) column face

grout prior to stressing M Mild rebars in solid grouted corrugated

J \ sleeves

Bonded prestressing strands

(b)

Wall element 1 ~ Wall element 2

(d

Figure 1: (a) Beam to column head connection % (b) Pre-tensioned frame connection ',

(c) Castellated wall joints with edge lips using loop boxes "?; (d) Wall joint using Pl connector

which provides details of specifications and detailing to be
adopted for various types of standard sections for varying
loads, spans and geometric configurations . Such documents
and their widespread adoption in these countries have
accelerated the structural design and construction processes
and ensured high quality construction products. Moreover, the
standardization libraries of PCC need to be integrated with
the modelling and design software packages to enable the
architects to consider standard options, designers to perform
design calculations with ease and erection contractors to

plan logistics better. A strong collaboration amongst various
stakeholders (researchers, designers, precasters, transporters,
and contractors) will enable development of standard sections
and practices.

[14]

2.1.4 Testing facilities and certification

When standard practices, materials and construction processes
specified in codes of practice worldwide (typically based on
prior tests) are used, additional full-scale structural testing in
India is not always needed. However, the use of new materials
and innovations in construction systems, typically may require
testing for approval of designs, consistent with IS: 15916 ¥, The
availability of testing facilities will promote innovations in design
and materials and ensure the quality of precast components.
Implementing dedicated testing and certification protocols in
India for precast products, manufacturers, and installers will not
only ensure regulatory compliance but also facilitate innovations.
Such a system would evaluate performance, encourage
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Strand Pattern Designation

Number of strand (12)

Section Properties

S = straight D = depressed 2.4mx _609'6 mm No Topping 50.8 mm Topping
Normal weight concrete
128-D1 A =0.26 m?
- 4
L Number of depression points ! 00057 m 0.012 m*
Diameter of strand in 16ths Eaa ‘ Y SRR 4832 mm
L609.6 , 12192 6096 l Y, =174mm 171 mm
50.8y ‘ 146 > —l S =002m? 0.02 m3
Safe loads shown include dead load of 0.5 kN/m? T = = S, =0.05 m3 0.07 m?
for untopped members and 0.72 kN/m? for P W, =0.57 kN/m 0.84 kN/m
topped members. Remainder is live load. Long- S DL =2.5kN/m? 3.7 kN/m2
time cambers include superimposed dead load V/S =358mm
but do not include live load. i =
All dimensions in mm
f.  =345MPa
KEY f, =1862MPa
8.9 — Safe superimposed service load, kN/m? = %
; } 12.7 mm diameter regular strand
17.8 — Estimated camber at erection, mm
22.9 — Estimated long-time camber, mm
Check with regional producers for availability. 8DT24
Table of safe superimposed service load, kN/m2, and cambers, mm. No topping
Strand Y, (end) Span, m
Pattern | Y, (center)
mm 9.7 104 109 11.6 12.2 128 134 140 146 15.2 15.8 165 171 17.7 183 189 19.5 20.1 20.7 213
89 77 67 58 51 45 39 34 30 26 23 20 17 15 13
68-5 igi': 178 203 203 229 229 254 254 254 254 254 229 203 178 152 127
229 254 279 279 279 279 279 279 254 229 203 152 102 25 -51
89 78 68 60 54 47 42 37 34 30 26 23 21 18 16 14
88-S iz; 279 305 330 330 356 356 381 381 381 381 356 356 330 279 254 203
356 38.1 406 406 432 432 432 432 406 381 356 305 229 152 76 51
94 83 74 66 59 53 47 42 38 34 31 27 24 22 19 16 14
108 -S ;:;: 356 381 406 432 432 457 483 483 483 483 483 483 457 432 381 330 279
457 483 508 533 533 533 533 533 533 508 483 457 406 33.0 229 127 00

Figure 2: Standardized section

improvement, enhance acceptance, and drive growth of PCC.
Building Materials and Technology Promotion Council
(BMTPC)" already spearheads a scheme called Performance
Appraisal Certification Scheme (PACS) to recognize and
certify innovative building materials and technologies. Such
processes should facilitate a wider acceptance for PCC by
ensuring technical competence and quality standards for
precast contractors. Further, empowering organizations like the
Quality Council of India (QCI), specialized trade organizations,
and leading research institutions to issue certifications to
precast concrete plants and production processes can help
establish a reliable testing and certification system. These
recommendations are based on successful testing certification
protocols used in the USA. The Precast/prestressed concrete
institute (PCI), a trade organization, issues certifications for
precast concrete plants, erectors, and personnel. These
certifications are categorized into architectural, bridge, and
commercial products, each with sub-categories. Studies have
shown a strong preference for precast products from PCI-
certified manufacturers among contractors in the USA, leading

to higher adoption rates %,
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2.1.5 Education and training

Even while the required/core and elective courses on reinforced/
prestressed concrete design are taught in academic institutions,
only passing reference is made about PCC. Continuing
education short courses/workshops offered by professional
societies/trade organizations, and on-the-job training are
commonly available in other countries to provide training
specific to PCC. Such opportunities for educating the engineers
on PCC, specifically addressing the construction staging,
acceptable tolerances, joint/connection designs/detailing and
overall sustainable practices while using PCC would help ensure
quality of such construction in India.

Positive strides in these lines are being made in India to address
these challenges. For example, courses like “Navarithi”#!
by the Building Materials and Technology Promotion

Council BMTPC) and the "“Precast Members, Systems, and

2l provide valuable

Construction” program by L&T EduTech
exposure and understanding of innovative construction
technologies. The emergence of Massive Open Online Course

platforms like ‘National programme on technology enhanced




learning’ (NPTEL) " and 'Study Webs of Active-Learning for
Young Aspiring Minds' (SWAYAM) ! has revolutionized learning,
offering flexible and accessible courses led by industry experts
and academics. Courses pertaining to PCC launched on these
platforms can help engineers and technical staff in government
departments enhance their exposure and understanding.
Similar successful initiatives in the USA, such as online courses
and 'lunch-and-learn’ programs by the PCl, have effectively
promoted the adoption of PCC technology.

To ensure the smooth integration of PCC into the mainstream
construction, it is crucial to prepare the next generation of
engineers and architects with the required technical
background. The All-India Council for Technical Education
(AICTE) can consider mandating the offering of elective courses
or modules on precast concrete technology in Civil Engineering
and Architectural curricula. Such a course will equip students
with comprehensive knowledge and skills required for the
design, construction, and application of precast concrete
systems.

2.2 Logistical and implementation issues
2.2.1 Transportation

For heavy civil infrastructure projects, precast concrete
components can be bulky and heavy, making transportation and
logistics challenging. The lack of adequately sized transportation
vehicles and limited road access to construction sites in urban
centers in India increases the cost of PCC. Transportation
charges alone account for about 9 % of the element cost .
Heavy vehicles such as tractor-trailers are only allowed access
to cities during limited nighttime hours. This restriction creates
a narrow window for material transportation, leading to delays
and coordination challenges among stakeholders. Moreover,
the design of elements is constrained by the capacity and
dimensions of the trailers, and the maneuverability via urban
roads often hinders the transportation of large panels, limiting
the size of precast concrete elements. Standardization and

use of modular elements, which are designed considering the
logistics restrictions, will help in addressing these challenges.
Further, splicing and post tensioning of precast segments to
form continuous structure should be more widely adopted by
Indian PCC industry. Wherever, these strategies are not feasible,
the remaining option is to adopt on-or near-site precasting,
depending on the availability of land near the construction site.

2.2.2 Capital and life-cycle costs

Cost is a significant challenge to the widespread adoption of
off-site construction methods %%, Studies conducted in the
United Kingdom %" have identified higher initial costs as a
deterrent to off-site construction, primarily due to capital costs.
However, achieving economies of scale through increased

precasting volume can help offset initial higher costs caused by
lower repetition and limited competition. This situation creates a
chicken-egg problem, where low adoption leads to higher costs
and vice versa. Precast concrete (PCC) has lower life cycle costs
(LCC) compared to CIP concrete. This is attributed to reduced
construction time, enhanced quality, minimal formwork costs,
lower maintenance and repair expenses, and higher energy
efficiency. A recent study in the USA demonstrated that PCC
building systems had approximately 21 % lower LCC compared
to cast-in-place systems 2. Furthermore, PCC reduces
environmental and economic disruptions at the building site,
greatly contributing to sustainable development. To enhance
cost-effectiveness and encourage reusability, the development
of easily dismantled and reusable precast elements is necessary
(say, the design-for-disassembly approach). By prioritizing end-
of-life costs and emphasizing reusability, overall life cycle costs
can be further reduced.

2.2.3 Tax regime and policies

Prior to the introduction of the Goods and services tax (GST),
the additional burden of taxes such as Excise duty, Service tax,
Value added tax (VAT), Octroi/Entry taxes, totaling to about 25 %
to 32 % of cost of precast elements, were identified as barriers
which discouraged the adoption of PCC . The tax liability and
applicability were based on factors depending on the location
of precasting, type of contracts, nature of agencies doing

the various works, agency supplying the materials, inter-state
transactions involved, agency involved in the transportation

of the products "%, However, the current GST tax regime has
greatly simplified the taxation for PCC ¥,

To promote innovative, sustainable, and disaster-resilient
construction, the Ministry of housing and urban affairs (MoHUA)
launched the ‘Global housing technology challenge-India
(GHTC-India)". The Construction Technology India (CTI) Expo-
cum-conference was organized in 2019 as part of this initiative,
with the year declared as the ‘Construction Technology Year.’
The CTl expo showcased 54 selected technologies suitable for
various conditions, including precast concrete methods like 3-S
precast technology and 3D modular precast technology. These
technologies were earmarked for demonstration projects in
Light house projects (LHP) across the country.

Furthermore, the Ministry of Road Transportation and Highways
introduced a policy in April 2022, mandating that at least

25 % of concrete used in their projects should be precast. While
these government efforts promote the adoption of precast
technology, market forces should also be leveraged to drive its
use. Providing incentives, such as enhanced floor area ratio for
precast projects and lower GST tax slab for precast products,
can encourage developers to choose precast options. China
employed a similar strategy by offering 3 % gross floor area
exemption for offsite construction projects
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2.2.4 Regulations

2.2.4.1 Scarcity of contractors, manufacturers,
and suppliers for precast projects

The scarcity of precast contractors poses challenges for

developers and builders in incorporating PCC into their projects.

A survey conducted in Malaysia revealed that many small
contractors were hesitant to adopt PCC technology due to its
capital-intensive nature and specialized knowledge required *%.
A recent example involving a fully precast sports facility at
Indian Institute of Technology (IIT) Madras, Chennai saw very
limited participation of contractors in tendering despite the
client’s interest in implementing precast concrete technology
because of the scarcity, the competition among the available
precast concrete contractors is less and hence, the efficiency of
the ongoing projects in terms of structural design optimization,
construction quality and speed, finishing, etc. are less. Several
factors contribute to the scarcity of specialized precast
contractors, including difficulties in accessing financing,
inadequate demand pipeline, limited volume for mold
repeatability, and the need for a suitable supply chain. These
factors increase the project execution risks and deter other CIP
contractors from venturing into PCC technologies, leading to
reduced competition and higher prices. Exploring new business
models could foster competition, industry growth, and address
these challenges.

The organizational structure and approach of a company can
impact its adaptability, speed in developing solutions, control
over the final product, and project outcomes. Globally, the
following three new business models have emerged for offsite

[34]

construction 4, which are worthwhile for consideration in the

Indian context.

1. Traditional spin-off: An established firm/experienced
contractor entering precast construction.

2. Vertical integration: An experienced firm executes entire
process in-house from design to construction performing
most functions required for the project delivery.

3. System integrator: Different entities like designers,
precasters, transporters and erectors working as a team
under the supervision of a lead contractor or system
integrator.

Table 3 captures the comparison of various parameters of these
business models which influence the precast concrete adoption.
The system integration business model holds great potential for
accelerating the growth of the PCC industry in India. It fosters
collaboration, innovation, and cost reduction through increased
competition at all levels, leading to improved quality in PCC
construction. The model’s lower upfront capital investment

can attract more market players and further drive down costs.
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To ensure the effective functioning of the system integration
model, it is crucial to have robust codes and standards, uniform
or standardized products, and reliable testing and certification
agencies. These measures guarantee adherence to quality

and safety standards. Additionally, the legal and contractual
requirements may need modifications to accommodate such
business models.

2.2.4.2 Contracting practices

The current practice of prescriptive tenders limits the adoption
of PCC technology, as clients provide detailed instructions

and leave little room for alternative solutions. Conventional
contract types also pose challenges, as they lack flexibility in
execution and cash flow for off-site work in precast construction.
In July 2022, Central public works department (CPWD) of
Government of India introduced a technology-neutral EPC
contract document ¥, allowing bidders to submit bids based on
any technology including engineering and construction based
on preliminary architectural designs. However, acceptance of
new technologies requires approvals by competent authorities
or full-scale testing to be conducted. The document has also
included specific features such as the revision in defect liability
clause based on the nature of involvement of the party in the
design and the type of defects covered. These reforms in
contracting practices provide great opportunities for higher

use of PCC in India, however, requirement of full-scale testing
for routine systems may deter its adoption. Further, contract
documents should include provisions for multi-party agreements
and define prequalification requirements and liabilities for each
stakeholder to promote technically qualified MSMEs and other
stakeholders. This enables a system integration approach,
where an orchestrator acts as the primary contractor, allowing
collaboration among design developers, precasters, erection
contractors, and architects. Additionally, full-scale testing should
receive focused attention to ensure the system performs as
intended in the design and calculations.

2.3 Perception issues
2.3.1 Seismic performance

In general, the perceptions of precast concrete buildings are
influenced by past experiences and instances related to poor
safety and quality. Following the world wars, precast concrete
was widely adopted for speedy reconstruction and social
housing worldwide. However, the collapse of the Ronan Point
apartment tower in East London in 1968 raised concerns about
the safety of precast concrete buildings. Investigations revealed
poor workmanship at critical connections led to progressive
collapse of building systems. This incident has negatively
impacted the global adoption of precast technology
and subsequent influenced the building code changes®.
Similarly, during the Bhuj earthquake in 2001, single-storey




school buildings constructed with large-panel precast reinforced
concrete components experienced roof collapses. Inadequate
connections and insufficient seating and anchorage of roof
panels were identified as the causes in this case ¥/, This incident
serves as an example of inappropriate joint detailing during

a time when adequate codes, standards, and experimental
analysis " were lacking but have remained a strong deterrent to
the adoption of precast concrete technology in India.

Reports by experts in the field of earthquake engineering *,

emphasize that careful attention to design and construction
can ensure successful use of precast concrete elements

in earthquake-resistant structures. Poorly designed and
constructed precast concrete structures have exhibited brittle
behavior in major earthquakes, leading to skepticism in some
countries. However, they also observe that well-designed

and well-constructed precast elements show satisfactory
performance in seismic events. The monolithic beam-column
connection was found to perform better when compared to
the precast concrete systems in terms of strength and energy
dissipation; whereas the precast specimen using dowel bar and
cleat angle showed better behavior in terms of ductility ®7.

Advancements in the state-of-the-art have led to the
development of joints and connections that perform comparably
to CIP connections. Emulative detailing system is a connection
detailing system for precast concrete structures. This system has
structural performance equivalent to that of a conventionally
designed, cast in-situ, monolithic concrete structure 7. This type
of detailing is typically used in wet connections.

2.3.2 Professional awareness

The initiative to embrace off-site construction techniques,
including precast or Industrialized building systems (IBS),

is predominantly driven by clients rather than contractors.
Malaysia, a country where the implementation of IBS systems
has been successful, recognizes this aspect and has tailored its
implementation strategy accordingly in the IBS roadmap .

As the originators of project ideas, consultants and architects
play a crucial role in influencing the client’s decision. However,
the lack of awareness regarding PCC technology ¥ often

leads to a lack of interest from clients and decision-makers in
adopting this construction method. Engineers from government
departments, public sector undertakings need to be given more
avenues for participating in certification or continuing education
or professional courses, which will enable them to earn new
knowledge and gain familiarity with precast concrete design and
construction processes. This will avoid delays in the decision-
making process for approving precast concrete projects and
reduce the current reluctance among stakeholders to embrace
PCC technology. Currently, in India, only a very few structural
consultants and architects specialize in the design and execution
of precast concrete systems.

Following the devastating Bhuj earthquake in 2001, various
government agencies have made significant efforts and
investments in capacity building and knowledge dissemination
regarding earthquake-resistant designs. Numerous workshops,
training programs, and circulars were organized to enhance
awareness and understanding of these concepts among design
engineers and practitioners. As a result, there has been a
considerable improvement in the understanding of earthquake-
resistant design principles in the industry. Similar endeavors
are now required to promote the adoption of PCC technology
in India. By emulating the successful efforts made in the field
of earthquake-resistant designs, the construction industry in
India can develop a comprehensive understanding of PCC

Table 3: Comparison of various business models suitable for offsite construction

BUSINESS MODEL TRADITIONAL SPIN-OFF VERTICAL INTEGRATION SYSTEM INTEGRATORS
Low

Capital High
Risk to investors High due to limited diversification

Moderate based on firm's
capabilities

Market
competitiveness

Cost to end-user Higher due to limited

economies of scale

Flexibility in operation Low due to limited control

Innovation potential Low - limited control

Collaboration efforts Moderate - between multiple

organization

Influence on market
growth

Low due to higher capital and
risk involved

Moderate, growth limited by
capacity and capabilities

Market expansion
potential

High due to limited diversification

High, with full control over the value chain

Partially optimized due to
process streamlining

Moderate to high due to higher
control over entire process

High - due to higher control

Low - between different departments within
the organization

Moderate due to focused operation and

High - ability to expand operations and
capture larger market

Very high
Shared risk among multiple entities

High due to collaboration and
shared expertise

Low due to optimization of resources
across organizations

Low to moderate due to multiple
entities involved

Moderate - due to involvement of
multiple stakeholders

High - across multiple organizations

High due to diversification of risk,

higher control and expertise.

High - leveraging collective capabilities
and resources of multiple entities
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technology. Professional organizations such as Institution of
Engineers (IEl), Indian Society of Structural Engineers (ISSE),
Association of Consulting Civil Engineers (India), Indian
Association of Structural Engineers (IAStructE) and Indian
Concrete Institute (ICl) need to take part in capacity building
by providing Professional Development Units (PDUs) to its
members.

3. BUILDING CASE STUDIES
3.1 Hospital buildings

To meet the growing demands of large population, India

needs to build more new hospitals to enable it to meet current
WHO standards " (Figure 3). In fact, the World Bank report
shows that only 0.5 hospital beds are available for every 1000
persons in India during 2017. However, as per a latest news
article"?, the number of hospital beds from both private and
government hospitals put together in India sums to is 1.3

per 1000 population. Furthermore, the disparity between the
facilities available in rural and urban areas makes the situation
more severe. By 2030, India would require 2.9 million additional
hospital beds to reach the global average, which translates into
1.3 billion sq. ft. of other healthcare space requirements . This
calls for urgent action to build new healthcare facilities at a rapid

pace.

To construct hospitals at a rapid pace efficiently to meet the
nation's health mission, it is crucial to adopt modern techniques
such as PCC. However, the use of PCC in part or whole, as a
structural system is presently prohibited for use in new hospitals
per the ‘National Disaster Management Authority (NDMA) as
per Guidelines on Hospital Safety' *". This prohibition is likely
due to the failures of some precast structures (e.g., schools and
resultant fatalities in Gujarat during the 2001 Bhuj earthquake).
Studies have shown that these failures resulted from inadequate
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Figure 3: Number of hospital beds available for every 1000 persons
based on world bank report " (as of 2017)
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connections (lack of necessary detailing) and insufficient seating
and anchorage of roof panels, and probably quality materials
and workmanship ¥’ During the last two decades, the scenarios
in Indian concrete construction industry has significantly
improved. Hence, more conservative emulative detailing
systems as recommended by the codes and testing as needed
should lead to safer hospital structures and must be considered
by the NDMA and other agencies/stakeholders.

It should also be noted that the emulative detailing in PCC has
been shown to have a ductility performance on par with the
conventional CIP construction . The Precast seismic structural
systems (PRESSS) research program conducted a model test

on a five-storey building at 60 percent scale. The structure

was subjected to seismic input levels equivalent to at least 50
percent higher than required by India’s Uniform Building Code
for Seismic Zone 4. The test demonstrated high satisfactory
behavior of the structure, with minimal damage in the shear wall
direction and no significant strength loss 7.

As mentioned in section 2.1.2, PCC coupled with seismic-
resistant techniques, has surpassed conventional CIP methods
in terms of advancements and performance . Hospitals
worldwide, including regions with high seismic vulnerability,
have increasingly adopted precast construction . Figure 4
shows some of the renowned hospitals that are constructed
using the PCC technology - marked on the Global Seismic
Hazard map . This demonstrates its success even in locations

prone to earthquakes, cyclones, and tsunami.

Considering the seismic map of the Indian Meteorological
Department, approximately 41 % of the land falls within a

low seismic zone (Zone-2) ¥, which presents a shallow

risk of seismic hazard. Therefore, the restrictions on precast
construction in these low-risk areas should be re-evaluated.
The relaxation of restrictions can be determined by factors
such as earthquake zone, seismic vulnerability, type of precast
construction, height of the structure, and the type of hospital

(primary, secondary, tertiary care centers).

The success of two hospitals constructed in Tamil Nadu using
PCC methods has set notable records and demonstrated

051 Recognizing these benefits, and urgent

advantages '
demands for hospital beds and lack of enforcement via legally
binding codes of practice seven new hospitals are currently
being built in New Delhi ®*%, |n times of disasters and natural
calamities, PCC allows for the rapid establishment of healthcare
facilities to cater to the affected population’s healthcare needs.
The urgency highlighted by the pandemic further emphasizes
the importance of being equipped with such rapid construction

capabilities.
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Figure 4: Precast hospitals located on global seismic hazard map

3.2 Mass-housing

In July 2022, the City and Industrial Development Corporation
of Maharashtra State (CIDCO) and Larse & Toubro (L&T)
successfully collaborated under the mass housing scheme to
construct a 12-storey building with 96 apartments (Figure 5) in a
short span of 96 days in Navi Mumbai with PCC technology "% A
total of 1,985 precast elements were employed to assemble the
superstructure, covering a built-up area of 64,000 square feet.
The use of precast concrete elements allowed for standardized
and reproducible construction, minimizing environmental impact
and raw material wastage while ensuring durable concrete

and safer construction sites. The project achieved remarkable
milestones, including a three-day floor cycle, surpassing the
typical duration of 7-12 days. The factory capacity enabled the
production of one floor with eight flats per day. At its peak, an
average of 75 panels were installed daily, with a remarkable

achievement of 91 panels installed in a single day. Additionally,

the completion of terrace overhead tanks took only seven days,

while architectural finishes and services were accomplished

within 60 days. These extraordinary results have set a new

benchmark for rapid construction of residential towers in the

country. The apartments built under CIDCO’s Mass Housing

Scheme, catering to the Economically Weaker Sections (EWS)

and Lower Income Groups (LIG), represent an ongoing initiative

to provide affordable housing opportunities under the Pradhan

Mantri Awas Yojana.

3.3 Government RD facility

In March 2022, LT constructed the Defense Research and
Development Organization’s (DRDO's) Flight control system
(FCS) Integration Facility (Figure 6) in just 45 days " This was
achieved in a record time by using an innovative construction
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Figure 5: CIDCO tower in mumbai constructed in 96 days

method called Integrated hybrid modular construction
technology, which combines off-site and on-site techniques

for faster and higher-quality results. The project also utilized
Precast/Prefabricated Prefinished Volumetric Construction
(PPVC) technology to create pre-finished toilet pods and lift
shaft pods, reducing material wastage and promoting quality,
sustainable and faster construction. The 7-storey FCS integration
facility spans 1.3 lakh square feet in plinth area. This case study
highlights the benefits of PCC technology in revolutionizing the
construction sector and demonstrates how advanced methods
can deliver impressive outcomes in a shorter timeframe.

4. PRECAST CONCRETE TECHNOLOGY AND
SUSTAINABILITY

The construction industry heavily consumes natural resources,
contributing 39 % of global CO, emissions, with building
materials and construction activities responsible for about

37 %% India aims to reduce carbon emissions by one billion
tonnes by 2030 and lower the carbon intensity of its economy by
45 % . Construction methods and materials must be reformed
to balance growth and sustainability. Moreover, construction
workers face a high risk of fatality, with the sector accounting for
24.2 % of all occupational fatalities in India, equating to around
38 fatal accidents daily Y. Offsite construction has been proven

to mitigate these risks ®

I, Figure 7 depicts a comprehensive
overview of the advantages and benefits of adopting PCC
technology, aligned with the three pillars of sustainability (say,

environmental, social, and economic).
5. CONCLUSIONS

To meet the huge housing demand, India must address the
identified barriers in a systematic manner to enable higher
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adoption of PCC in building construction sector. Some of the
immediate and high priority areas that need to be addressed
includes:

1. Development of codes and handbooks at par with other
international codes-This is the most important aspect as it
strengthens the techno-legal regime required for ensuring
the safety and quality of precast concrete structures.

It helps in addressing negative perceptions about the
technology and provides directives and guidelines for
practitioners and contractors.

2. Setting up of agencies for the certification of precast
concrete plants, professionals, and organizations.

3. Capacity building through conducting workshops and
awareness campaigns for the practitioners and students
across the architects, engineers, contractors and builders.

4. Development of standardized catalogues of precast

components for ensuring easy design and construction

it

Figure 6: DRDO's 7-storey FCS facility constructed in 45 days
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Figure 7: Precast concrete contributing to pillars of sustainability

practices, quality constriction and significant financial

savings.

It is apparent that achieving the above targets requires
coordinated and thoughtful implementation by various
stakeholders. There is a need to setup a ‘Task force’ with
stakeholders from the government and service agencies, public
and private sector clients, architects, designers and consultants,
manufacturers and system developers, precast construction
contractors and academic and research institutions. The task

force should proactively work in the following ways:

1. To accelerate the technology adoption by addressing the

core issues

2. To develop potential solutions to the identified challenges
such as:
a)  Development of codal provisions

b)  To assist in policy formulations for increased use of

precast concrete technology

) To disseminate knowledge to the stakeholders

d)  To suggest a framework for testing and certification
protocols

e)  To act as a center for reliable information,

professionals networking of experts

[7é]

3. To promote more active and continuing interactions
between universities, industry, and Government to benefit

society.

4. To publish case studies and research articles highlighting
the life cycle cost advantages of PCC in the Indian context
is crucial. Organizations like PCl perform similar functions,
which has enabled higher adoption of PCC in the USA.
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