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Abstract : The dissertation explores the role of mechanization of high-rise residential buildings in India. Addressing the challenges
of traditional construction methods, it emphasizes the potential benefits of mechanization in improving productivity, reducing costs,
and ensuring safety and quality. Through a mixed-methods approach combining literature reviews, surveys, and case studies, the
research identifies the barriers to mechanization, such as high initial costs, lack of skilled operators, and cultural resistance.
Comparative analyses between mechanized and traditional methods reveal substantial efficiency gains, particularly in repetitive
and high-volume tasks like wall chasing, plastering, and painting.

The study highlights the application of specific tools and machinery, supported by cost-benefit analyses, showcasing a reduction in
material wastage and enhanced consistency in output. Survey findings indicate a growing industry interest in mechanization, driven
by factors like time efficiency and safety, yet constrained by operational costs and the availability of trained personnel.
Recommendations focus on strategic investments in mechanization, training programs for operators, and government incentives to
lower barriers for adoption. The findings aim to guide stakeholders in integrating mechanization into the construction of high-rise
residential projects, aligning with India's urbanization goals and sustainability needs.

Index Terms Mechanization , High rise construction, Residential projects, Productivity, Cost analysis, Barriers in
mechanization

INTRODUCTION

Despite the potential benefits of mechanization in improving productivity, quality, safety, and cost efficiency in high-rise
residential construction, its adoption remains limited within India’s construction industry. Factors such as high initial investment
costs, limited availability of skilled operators, maintenance requirements, and industry resistance to change have impeded the
integration of mechanized processes. This reliance on traditional, labor-intensive methods has led to inefficiencies, project
delays, and increased costs. Additionally, there is a lack of research focusing on context-specific barriers and effective strategies
for expanding mechanization in India. Therefore, this study seeks to investigate the impact of mechanization versus manual labor
on critical project outcomes, identify barriers to mechanization, and develop strategies to enhance its adoption within the Indian
high-rise residential construction sector.

Mechanization, which involves the use of advanced machinery and technology in construction processes, has emerged as a
critical driver of efficiency and productivity in the global construction sector. In the Indian context, the adoption of
mechanization remains at a nascent stage compared to more developed economies. Factors such as cost constraints, limited
skilled labor for operating machinery, and the fragmented nature of the industry have historically posed challenges to
widespread adoption.

This study aims to assess the current state of mechanization in India, with a specific focus on high-rise residential projects. By
identifying its benefits, challenges, and areas of opportunity, this research seeks to provide insights into the feasibility and
strategies for enhanced mechanization adoption in India's construction sector. Through this, it hopes to contribute to bridging
the gap between existing practices and the technological advancements required to meet the country's growing urban housing
demands.

1. Research Methodology
A mixed-methods approach will be utilized, combining qualitative and quantitative research methods to achieve a comprehensive
understanding of Mechanization used in construction phase in the Indian construction industry —

e Literature Review: Review existing studies on mechanization in construction to establish the theoretical background,
identify common challenges, benefits, and gaps in current research, and contextualize mechanization within the Indian
construction industry.

e Qualitative Data Collection: Conduct structured interviews and focus groups with key stakeholders, such as contractors
and project managers, to gain insights into the roles, experiences, and challenges of implementing mechanized processes.
This step helps identify barriers specific to the Indian construction context.
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e Quantitative Data Collection: Distribute surveys to a larger sample, including industry professionals, to gather data on
the prevalence, effectiveness, and limitations of mechanization practices. This step provides a broader perspective on
mechanization’s impact across multiple projects.

e Case Studies: Select specific high-rise residential construction projects as case studies to compare mechanized and
traditional methods. Analyze data on time savings, cost-effectiveness, and quality improvements achieved through
mechanization.

e Data Analysis: Perform qualitative and quantitative analyses, including thematic analysis for interview data and statistical
analysis for survey data, to derive insights into the effectiveness and challenges of mechanization.

o Recommendations: Based on the findings, develop strategies and practical recommendations to enhance the adoption of
mechanization, addressing identified barriers and highlighting areas for future research.

2. Literature Review

The construction industry is a cornerstone of economic development, shaping the built environment and driving infrastructural
growth. In India, where urbanization and population growth have necessitated rapid development, the construction of high-rise
residential buildings has become a focal point. However, traditional construction methods often fall short in meeting the demands
for speed, efficiency, and quality, particularly in large-scale and high-rise projects.

Mechanization, which involves the use of advanced machinery and technology in construction processes, has emerged as a critical
driver of efficiency and productivity in the global construction sector. In the Indian context, the adoption of mechanization remains
at a nascent stage compared to more developed economies. Factors such as cost constraints, limited skilled labor for operating
machinery, and the fragmented nature of the industry have historically posed challenges to widespread adoption.

This study aims to assess the current state of mechanization in India, with a specific focus on high-rise residential projects. By
identifying its benefits, challenges, and areas of opportunity, this research seeks to provide insights into the feasibility and strategies
for enhanced mechanization adoption in India's construction sector. Through this, it hopes to contribute to bridging the gap between
existing practices and the technological advancements required to meet the country's growing urban housing demands.

2.1 What is Mechanization?

Mechanization refers to the process of using machinery and advanced equipment to replace or augment human labor in various
tasks and activities. In construction industry, mechanization involves the adoption of advanced machinery, tools, and technology to
carry out construction activities such as excavation, earthwork, concreting, and other building processes. The goal of mechanization
is to enhance productivity, reduce project duration, improve the quality of work, and minimize manual labor requirements. By
employing mechanization, construction projects can meet tight schedules, complex specifications, and innovative designs more
effectively, ultimately contributing to cost reduction and overall efficiency in the construction process.

There are five degrees of industrialization that have been recognized- Prefabrication, mechanization, automation, robotics and
reproduction are the terms used to describe these processes.

Prefabrication: The word starts with ‘pre’, which means ‘before’ or ‘elsewhere’. In the construction sector, prefabrication
specifies building (in a factory) components or full modules very similar to the ones done on a traditional construction site, very often
using the same procedures and the same materials (Richard, 2005). A process of manufacturing that takes place at a specialized
facility, in which different materials are joined to form a component part of the ultimate installation (Kamaruddin et al., 2018)

Mechanization : Method of employing mechanical equipment in the performance of a job. (Kamaruddin et al., 2016). The act of
using modern technology to operate machinery, generally including electrical hardware (Mahbub, 2008). Machines are being
introduced into a production process (Kaplinski et al., 2002). When machinery is used to reduce a laborer's burden (Kamaruddin et
al., 2018).

Automation: The use of automated tools totally replaces the labor-intensive operations. Although the industrial engineer and
programmer are the key players and a 'supervisor' is still present (Richard, 2005). Self-regulating procedure involving the use of
programmable equipment to complete a set of tasks (Kamaruddin et al., 2021). Usage of automated tools totally replaces the labor-
intensive operations (Kamaruddin et al., 2018).

Robotics:

Reproduction:
2.2 Benefits of mechanization

Mechanization in construction offers numerous advantages that significantly enhance project efficiency, quality, and safety. Here

are some key benefits:

1. Increase safety on site: Construction workers are frequently exposed to a variety of risks that come with working on a
construction site. Despite the fact that numerous techniques to preventing accidents have been used, the figure shows that more
progress must be made quickly (Hamid et al., 2019).

2. Less dependency on labor/Reduce foreign labor: According to Martinez (Martinez et al., 2008), the activity has a direct
relationship to the operator, which eliminates issues with quality and repetitiveness of work carried out. Resolving foreign labor
workforce issues, improving product quality, minimizing the volume of material consumed in finishing projects, and promoting
a better perception of the construction industry, which is currently known to be dirty, low quality, and dangerous, are some of
the perceived impacts and achievements that will have a significant impact on the application of mechanization. (Nik Fatma
Avrisya Nik Yahya, 2020).

3. Speed up the construction time: mechanization made the activities increases the speed of construction. It is also strengthened
by removing the human factor's limitations from the equation (Rashid et al., 2019). A study conducted by (Martinez et al., 2008)
utilizing a automated machine to weld 1m steel 2mm thick saves a significant amount of time. It takes around 600 seconds to
complete by manual metal arc welding, and 7 seconds to complete by laser welding. According to industry case studies, homes
built using mechanization may be built 30% faster and for 25% less money (Rashid et al., 2019).
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Higher accuracy: By using mechanization in construction, it is possible to achieve a better level of consistency and precision
than skilled labour (Divyesh Joshi, 2015).

Reduce Construction wastages: According to Rashid (Rashid et al., 2019), the Waste & Resources Action Plan UK (WRAP)
discovered savings through the use of mechanization as a consequence of waste reduction. Traditional techniques waste 10% to
20% of the raw material; however, with more advanced mechanization construction may generate the same assets with half the
waste (Rashid et al., 2019).According to Mi Pan (Pan et al., 2018) waste resulting from concrete can be reduced from about
51.47% to 60% and the waste of steel bars can be reduced from about 35% to 55.52%. It shows that mechanization approaches
can catalyst in the efficient use of materials in many ways.

Reduced Re-works: By removing the human factor's limitations from the equation (Rashid et al., 2019) mechanization
technologies reduce reworks as re-works occurs as a result of human errors.

Reduce Overall Cost: Labor costs may also be decreased since the mechanization system requires fewer operators (Rashid et
al., 2019).The reduction in the cost of human labor and the decrease in material loss, among other factors, reduce the cost of the
operation (Martinez et al., 2008).This can be explained the fact that construction done using mechanization technologies is less
likely to suffer from cost blowouts caused by unknown factors such as the weather. According to industry case studies, homes
built using mechanization may be built 30% faster and for 25% less money (Rashid et al., 2019).

Clients Satisfaction: Client satisfaction is determined by the amount of time, cost, and the quality of the work (Yunus et al.,
2016). By approaching mechanization in construction provides uniform quality with higher accuracy than that provided by
skilled worker (Divyesh Joshi, 2015). Also, timeline of the project can be reduced.

Increase productivity: mechanization may also increase productivity and job efficiency while lowering costs (Divyesh Joshi,
2015). Reduction of costs, mostly due to the decrease in work load per task, and eliminating or cutting down the need to use
scaffolding, security system and additional transport equipment (Nik Fatma Arisya Nik Yahya, 2020).

Increase quality of work done: By approaching mechanization in construction activities, it can deliver uniform quality with
higher accuracy than that provided by skilled worker (Divyesh Joshi, 2015) which led to reduce poor workmanship problems.
mechanization will improve the working environment by reducing traditional manual work to a bare minimum, allowing workers
to be relieved of uncomfortable work positions while also eliminating complaints about noise and dust associated with tasks such
as surface removal, cleaning, and preparation (Divyesh Joshi, 2015).

Increase Site Cleanliness: As the use of mechanization technologies in construction brings machinery and reduces workman
on sites ultimately encouraging site cleanliness (Musa et al., 2015).

Sustainable approach: mechanization contributes to sustainability by reducing waste, increasing environmental and
construction site cleanliness, improving quality control, and promoting a safer and more organized construction site (Musa et al.,
2015). Furthermore, sustainability entails innovation and the use of modern construction methods through industrialization.
Using mechanization to advance the sustainability agenda may also be extremely beneficial because it can provide significant
advantages to organizations (Mohammad, 2013). The sustainable approach pertaining to the mechanization in construction is
pertinent and vital in terms of adaptive reuse of the buildings (Sreekumar, et al., 2022).

Advantage during global pandemic: The global Corona virus epidemic has had a significant impact on the global building
sector. Transportation limitations, social distance, and lockdowns have affected the labour, material, and financial supply chains,
causing delays and increasing expenses. Because of the near physical proximity of the work, civil construction is particularly
vulnerable to such pandemics. Also, there are several inadequacies of present construction processes and the increasing need for
better quality, which also enhances research and development of new methodologies and processes(Singh, et al., 2022)

Provides flexibility to designers: Buildings must be constructed within the constraints of known building methods, and the
incorporation of new technology into those processes introduces new parameters and opportunities for architects (Brown, 1989).

Improving Image of Industry: Because the construction sector is currently viewed as dirty, low-quality, and unsafe, using
mechanization technology in construction might assist to improve public impression of the business (Kamaruddin et al., 2016).

The literature highlights numerous benefits of mechanization in construction. It significantly enhances productivity, reduces labor

dependency, and improves precision in execution. Mechanization minimizes material wastage, ensures better quality control, and
accelerates project timelines. Additionally, it promotes worker safety by reducing manual handling of heavy or hazardous tasks.
These advantages make mechanization a key driver for efficiency in high-rise residential projects.
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Table 1. Benefits of Mechanization (Source: Author)

S. No. BENEFITS REFERENCES
1 Increased safety on site (Vishwakarma, 2022) (Chau. 1988)
2 Less dependency on labour (Calvert, 1995) (Chau, 1988)
3 Speeds up the construction time (Chitra, 2018)
- Higher accuracy (Dixit, 2019) (Alinaitwe, 2007)
5 Reduced construction wastage (Kumar Y., 2014)
6 Reduced re-works (Kalplinski, 2002)
7 Reduced overall cost (Tiwari, 2018) (Kumar Y. , 2014)
8 Client’s satisfaction (Mahbub, 2008)
9 Increases productivity (Dixit, 2019) (Drewin, 1982)
10 Increase quality of work done (Sharmila, 2018) (Liou, 1986)
11 Increased site cleanliness (Sadique, 2016)
12 Sustainable approach (Kamaruddin S. S., 2018)
13 Flexibility to designers (Kamaruddin S. S., 2016)
14 Improving the image of industry (Sadique, 2016)

2.3 Challenges for adoption of mechanization in India

While mechanization offers numerous benefits for high-rise construction, its implementation can be constrained by several
factors. Understanding these constraints is crucial for successful integration. Here are the key implementation constraints:

1. High cost in purchasing and implementing: Cost would be a crucial consideration in determining whether or not to adopt a
new technology (Nik Fatma Arisya Nik Yahya, 2020). The cost of purchasing and implementing the techniques is so high that
only companies with a high turnover and strong market competitiveness can afford them (Sadique & Mahesh, 2016).
Mechanized Construction process may demand increased investment cost at the initial stages of projects due to procurement
of expensive equipment (Khan et al., n.d.).

2. Expensive for operating, updating and maintaining: Cost considerations should encompass not just the purchase price of
mechanization technologies, but also the cost of maintaining them to ensure that they can increase overall efficiency and
production (Divyesh Joshi, 2015). The acquisition and maintenance of technology requires large costs/financial commitments
in order to implement mechanization (Mahbub, 2008).

3. Limited resources available to medium and small sized firms: When compared to small and medium businesses, larger
companies can afford to invest in new technologies. They also lack the necessary skilled labour to deal with the new technology
(Sadique & Mahesh, 2016). Because of the high maintenance costs, most developers, especially smaller companies, refuse to
invest in such expensive technology. Small businesses struggle to implement automation since their money is insufficient to
acquire automation technologies in proportion to their turnover.

4. Fragmentary nature of the construction industry (multi-point responsibility): Construction processes deal with multi point
responsibility so incorporating mechanization technologies may create issues (Mahbub, 2008).

5. Multiphase characteristic of construction process: All construction procedures have its own characteristics. As a result, the
same technologies cannot be employed at all times (Sadique & Mahesh, 2016). Construction is a diverse industry and one that
has to cope with an almost unique set of circumstances on each project and site (Mahbub, 2008).

6. Unique nature of construction sites: Sites are often distinct and does not provide the same set of issues, but mechanization
requires a controlled environment and work process (Mahbub, 2008).

7. Availability of cheap labor: The accessibility of cheap labour which balances the cost benefit of using mechanization
methodologies is a basic reason of the low acceptance in the past. As long as it is easy for the industry to find workers, labour
rates will remain low and builders will find it unattractive to change into simplified solutions such as mechanization
construction (Din et al., 2012).

8. Required for re-training worker: mechanization technology is complicated to use and understand. Workers are resistant to
the mechanization technologies because they are unfamiliar. Nowadays, there is need to train the workers to operate these
techniques in proper manner (Nik Fatma Arisya Nik Yahya, 2020). According to Mahbub (Rohana Mahbub, 2012), low
technology literacy of project participants/need for re-training of workers is also consider a barrier to implement the automation
in construction industry.

9. Knowledge awareness of key players: The implementation of mechanization is restricted by a lack of scientific and technical
information among the stakeholders. It is quite certain that implementation of mechanization concept is yet to be executed due
to limited knowledge and awareness (Abdullah, n.d.).
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10. Locally unavailable: A shortage of equipment and machinery is a significant major hurdle in the construction sector. Indian
construction sector also facing a constraint to implement mechanization as machineries are unavailable locally and technology
difficult to acquire (Sadique & Mahesh, 2016). Also, there are many developers who rely with traditional construction method
because these technologies are required to be imported from other countries (Rohana Mahbub, 2012).

11. Incompatibility of the technologies with existing practices and current construction operations: Mismatch of the
mechanization technologies with existing practices and current construction operations possess a major implementation
constraint of using these technologies.

12. Loss of human skills: Laborers who have grown overdependent on machines have lost their artistic skills and initiative (Khan
etal., n.d.).

13. Rise in unemployment: The employment of mechanization technology to replace human labour limits the number of jobs
available. This might worsen the situation in some nations where unemployment is severe. As a result, more industrialization
may result in higher levels of unemployment. It's important to employ the right amount of industrialization. For optimum
productivity, there has to be an optimal level of industrialization (Alinaitwe et al., 2006).

14. Technology not easily accepted by worker union: There is a potential that labour unions may challenge the use of
mechanization technology since it may result in a fall in-employment rates. Apart from that, owing to the intricacy of
mechanization technology, workers have a hard time accepting new technologies (Sadique & Mahesh, 2016). Some research
concludes reduction in the number of workers on site as a result of mechanization systems used to help laborers do their jobs
more efficiently (Richard, 2005).

15. Level of workforce skill: The use of technology in design and implementation has necessitated a major increase in knowledge
and abilities. On-site designers and managers needed IT skills to plan and implement the usage of technologies provided by IT
(Abdullah, n.d.)

The integration of mechanization in internal works for high-rise residential projects in India faces several profound challenges that
can hinder its effectiveness. High initial capital investment is a significant barrier; advanced machinery and equipment often
require substantial financial resources, which can be a deterrent for many construction firms, especially smaller contractors who
may struggle to secure funding (Teo, P.). This financial burden is compounded by the high operational costs associated with
running and maintaining this equipment, which can further strain project budgets (Jones & Taylor, 2020).

Moreover, there is a persistent shortage of skilled labor capable of operating and maintaining mechanized tools effectively. Many
construction workers are accustomed to traditional manual methods, and there can be a steep learning curve when transitioning to
mechanization (Kumar, 2021). This lack of skilled personnel can lead to operational inefficiencies and increased safety risks, as
improperly operated machinery can cause accidents on-site (Patel & Desai, 2018).

Additionally, cultural resistance to change can impede the adoption of mechanization. Workers may fear job displacement or may
simply be resistant to adopting new technologies, which can create a negative atmosphere and slow down project progress (Gupta
& Rao, 2023). Complexity of integration presents another challenge, as projects often involve multiple specialized tasks that
require specific machinery, which may not always be available or compatible with existing practices (Reddy, 2019). Furthermore,
site space limitations can restrict the movement and operation of larger machinery, complicating logistics and scheduling (Singh
etal., 2022).

In summary, while mechanization has the potential to significantly improve efficiency, quality, and safety in high-rise residential
construction, various challenges, including high costs, skilled labor shortages, cultural resistance, complexity of integration, and
site limitations, must be addressed to realize its full benefits. Research emphasizes the importance of targeted training programs,
investment in versatile machinery, and fostering a supportive environment to overcome these barriers and enhance project outcomes
(Chopra & Malhotra, 2020; Ali & Nasir, 2022).

2.4 Mechanization in high rise residential buildings

Mechanization should be employed in high-rise residential buildings for internal works due to the scale, complexity, and demands
of such projects. As cities grow denser and the demand for high-rise housing increases, traditional manual methods struggle to meet
the required speed, consistency, and quality standards. High-rise buildings often involve repetitive tasks across multiple floors,
making mechanization essential to streamline processes and maintain uniformity throughout the structure.

Moreover, the construction industry in India is increasingly facing challenges such as labor shortages, rising labor costs, and the
need to adhere to stricter timelines. Mechanization addresses these issues by reducing dependency on manual labor and ensuring
predictable and efficient operations. High-rise projects also necessitate a higher degree of precision and adherence to stringent safety
standards, which mechanized processes can reliably achieve.

In addition, the vertical nature of high-rise buildings imposes unique logistical challenges, such as transporting materials and
equipment across floors efficiently. Mechanized solutions offer a structured approach to overcoming these challenges, ensuring
smoother operations and optimized resource utilization. Therefore, integrating mechanization into internal works is crucial for
meeting the demands of modern high-rise construction, enhancing project viability, and ensuring sustainable urban development.
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Table 2 Mechanization level adopted in India

L Current Level of _—
Activity Mechanization Description
Site Preparation Hiah Includes excavation, grading, and leveling using
P g bulldozers, excavators, and graders.
Structural Framework High Use of tower cranes, concrete pumps, and automated
Construction g rebar benders for efficient construction.
. . Mechanized batching plants and pumps are standard,
Concrete Pouring High ensuring precise and efficient placement.
Floor Leveling and High Self-leveling tools and screeds ensure consistent and
Preparation g precise floor preparation.
. . Mechanized lifts and mounting tools are standard
HVAC Duct Installation High practice in high-rise projects.
- . . Laser-guided systems and automated mounting tools
Ceiling Installation High ensure precision.
. . Use of suspended platforms, cranes, and lifting tools
Facade Installation Hia for efficient installation.
. Mechanized piling rigs and concrete mixers used, but
Foundation Work ) some manual reinforcement work remains.
Reinforcement Installation Moderate Mechanized rebar cutters and benders are available,
but manual tying and placement persist.
. Automated plastering machines increasingly adopted

Wall Plastering Moderate but not yet widespread.

- . Mechanized tools like cutters and grout applicators
Tiling and Flooring MyglEle are used, with manual alignment still common.
Plumbing and Pipe Threading machines and pipe welding equipment

. Moderate : .
Installation used; some manual assembly required.
Painting Moderate Spray painting machines used in I_arge—scale projects,
but manual methods remain prevalent.
Mechanized lifting aids and handling tools used in
Drywall Setup Low to Moderate larger projects.
Waterproofing Low to Moderate Application of coatings Iargely manual; mechanized
sprayers used in some cases.
. . Semi-automated tools used in limited cases; primarily
Bricklaying and Masonry Low to Moderate manual labor-intensive.
Electrical Conduit Low Limited use of threading and bending machines;
Installation largely manual.
. Mechanized equipment like mowers and small
Landscaping Low to Moderate excavators used, but manual labor is common.
. Prefabricated and modular formwork systems are
Formwork Installation Moderate used, though manual assembly is common.

The adoption of mechanization in internal works within construction projects has remained relatively low compared to civil
activities. A review of the literature indicates that mechanization has primarily focused on large-scale, heavy-duty tasks such as
excavation, foundation work, and structural construction, where the scale and repetitive nature of operations have naturally aligned
with the use of heavy machinery. However, internal works, which encompass intricate and labor-intensive activities, have not
witnessed a comparable level of mechanization.

This disparity can be attributed to the inherent characteristics of internal works. These tasks are typically complex and involve a
high degree of customization, as they must accommodate architectural design variations, client-specific requirements, and quality
standards. Unlike civil activities, which often follow standardized processes, internal works require a tailored approach for each
project, making the development and deployment of universal mechanized solutions more challenging.

Additionally, the nature of internal works in high-rise buildings introduces logistical complexities. These activities are performed
within the confined spaces of constructed floors, where moving and operating mechanized equipment requires careful planning. The
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vertical layout of high-rise structures further complicates the transportation of tools and machinery, particularly when compared to
the open spaces typically associated with civil activities.

The construction sequence in high-rise residential projects also plays a role. Internal works are performed in the latter stages of
construction, often under tight timelines as external and structural work concludes. This compressed schedule leaves little room for
experimenting with new technologies or machinery that require setup and adjustment.

Furthermore, the traditional reliance on manual labor for internal works has shaped industry practices over time. With its perceived
flexibility and adaptability to varying project requirements, manual labor has continued to dominate this segment. This historical
precedence means that mechanization in internal works has not been a primary focus of innovation or investment in the construction
sector.

Thus, while mechanization has been extensively adopted in civil activities, the inherent characteristics of internal works and the
way they are integrated into the construction process have limited its application. This calls for a targeted exploration of how
mechanization can be adapted to these unique requirements, ensuring it aligns with the intricate and dynamic nature of internal
construction activities.

3. Results and Discussions

3.1 Adoption of mechanization in India (Survey)

A survey was conducted as part of the background study for this project to gain insights into the current state of the Indian
construction industry. The collected data was systematically analyzed using the Relative Importance Index (RIl) methodology.

Survey Area Factor RII Rank

C'I‘_"’:'riﬁ't‘gtf; r‘;"snd High Initial Cost 0.75 1

Machine Availability and Access 0.74 2

Lack of Skilled Operators 0.74 3

Maintenance Costs and Downtime 0.73 4

Site Conditions and Layout 0.7 5

Resistance from Labor Force 0.65 6

PLrJI;Ti]r?g;yl\/Fl’:éﬁionS:rsf Time Efficiency 0.76 1

Safety Improvement 0.75 2

Labor Reduction 0.74 3

Cost Savings 0.71 4

Quality and Consistency 0.71 4

F_requency o Sometimes 0.75 1
Machine Breakdowns

Often 0.68 2

Always 0.64 3

Rarely 0.56 4

Never 0.53 5

Return (22 (I)nl\)/estment Good 0.67 1

Average 0.66 2

Excellent 0.61 3

Poor 0.61 3

Very Poor 0.56 5

Effect on Quality Significant Improvement 0.71 1

Moderate Improvement 0.71 1

No Difference 0.69 3

Decrease in Quality 0.63 4

Safety Impact Somewhat Improves Safety 0.75 1

Greatly Improves Safety 0.72 2

No Impact on Safety 0.7 3

Decreases Safety 0.66 4

L Combination 0.73 1

Machinery
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Lease 0.72 2
Rent 0.71
Purchase 0.7 4
Fa('::_tg(r::lfjcr)??igqoepntgon Mechanization Guidelines 0.75 1
Technological Innovations 0.75 2
Financial Support 0.74 3
Access to Trained Operators 0.73 4
Maintenance Support 0.73 5
Lower Equipment Costs 0.71 6

Conclusion

The analysis highlights that while cost and operational constraints are major barriers to mechanization, the industry somewhat
acknowledges its benefits in time efficiency, safety, and quality. Addressing the identified challenges through targeted interventions,
such as financial incentives, skill development, and improved maintenance support, can significantly enhance the adoption of
mechanization in the construction industry.

3.2 Comparison of Benefits and Implementation constraints
Table 3. Benefits and Implementation constraints of mechanization

Aspect Benefits Implementation Constraints

Efficiency and | Mechanization reduces the time for | High initial investment costs and space

Productivity repetitive  tasks  like  plastering, | limitations within high-rise interiors can
screeding, and drilling, improving project | impede machine movement
timelines

Cost Savings Reduced labor costs and operational | Initial cost barriers and additional training

expenses, with long-term financial | expenses for workers to operate machinery
benefits offsetting initial investment

Quality and | High precision and quality of finishes | Lack of flexibility for unique, non-
Precision due to minimized human error, ensuring | standard interior requirements that might
consistency in interior works need manual customization
Worker Safety Machines reduce physical strain and | Safety protocols and comprehensive
risk of injury by handling heavy or | training are essential, as untrained
repetitive tasks in confined spaces operators can still face safety risks with
machinery
Adaptability and | Small machines offer flexibility for | Limited adaptability of machinery to
Scalability varied interior tasks and adaptability | confined interior spaces and potential
across high-rise construction projects issues with power supply in high-rise
buildings
Environmental and | Mechanization can lower material | Expensive eco-friendly machinery and
Sustainable wastage and support greener construction | limited availability of energy-efficient
Practices practices by using energy-efficient | options for small-scale, interior-focused
machines machines

We have established the importance of mechanization in high-rise construction, it is evident that internal works, despite being a
significant portion of the construction process, are often overlooked when it comes to mechanization. While civil activities have
benefited greatly from mechanization, internal works are equally critical to a project’s success in terms of time, cost, and quality.
Internal works, such as finishing and installations, are highly repetitive and labor-intensive, especially in high-rise residential
buildings where the same tasks are performed across multiple floors. These activities account for a significant share of the project
timeline and costs, meaning inefficiencies at this stage can substantially impact the overall project. Mechanization in internal works
can streamline these processes, improving speed and consistency, which is crucial in high-rise construction with tight schedules.
Although cost has been identified as a primary constraint, the benefits, particularly in productivity gains, justify the investment.
Mechanization reduces reliance on manual labor, which is increasingly scarce and costly, while delivering consistent results.
Additionally, as high-rise projects demand higher precision and compliance with quality standards, mechanization ensures
uniformity and reliability that are challenging to achieve through manual methods.

Thus, while mechanization in internal works may require an upfront investment, the long-term benefits in terms of efficiency,
project timelines, and quality control make it a necessity for modern high-rise construction.
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3.3 COMPARISON BETWEEN MECHANIZATION AND TRADITIONAL METHODS

The literature review highlighted the importance of studying cost and productivity to evaluate the impact of mechanization in
construction. Building on this understanding, this chapter focuses on identifying the specific activities involved in internal works
and the corresponding machines suitable for their mechanization.

3.3.1 Activities in internal works

Internal works play a critical role in defining the functionality, aesthetics, and quality of a building. These activities focus on the
completion and finishing stages of construction, transforming the structural framework into a livable and operational space. Unlike
structural works, internal works are detail-oriented and require meticulous planning and execution to meet design specifications
and client expectations.

This section outlines the sequential steps involved in internal works, highlighting the major activities essential for the successful
completion of a building. These activities encompass various trades and systems, each contributing to the overall usability and
appearance of the constructed space. By understanding this process

Table 4 List of Activities in Internal works

Package Activity Level of mechanization

Civil Plastering Low
Brick laying Low
Fire Fighting Installation Of Pipes Low

Plumbing Wall chasing Moderate
Installation Of Fittings Low

Electrical Wall chasing Moderate
Wiring Low
Electrical Fixtures Low
Finishes Tile Laying Low

Painting Moderate

Ceiling Finishes Gypsum False Ceiling Moderate

From this comprehensive list, key activities were identified as potential candidates for the application of mechanization.

Table 5 list of activities which can be mechanized

Activities in Internal Works
Conduiting
Plastering

Painting

Critical Activities in Internal Works: The key internal activities that benefit from mechanization include floor conduiting,
plastering and painting. Mechanization can improve efficiency, precision, and safety in these tasks, as highlighted in studies by
Chandra et al. (2020) and Kumar & Banerjee (2022).

3.3.2Productivity and cost of Mechanization vs Traditional methods
For each of the identified critical activity, productivity and cost was calculated for both mechanized and traditional methods.

A: Wall Cutting

Wall Chaser Machine (Bosch GNF 65)
Specifications:
Cutting Depth: Up to 65 mm
Cutting Width: 3-40 mm
Power Input: 2400 W
Weight: 8.4 kg
No-load Speed: 5,200 RPM
Approx. Cost: 360,000
e Disc Size: 230 mm
1. Productivity
o Wall Material: ACC Block
o Daily Productivity: 96-108 meters (8-hour shift)
e Cutting Speed: Approx. 12-15 meters per hour
e  Operational Efficiency: 80-90% of max speed = 96-108 meters/day
2. Cost Analysis
Initial Cost:
e  Machine: 260,000
e  Accessories: 35,000—%10,000 annually
Operating Cost:
e  Electricity: *192/day (2400W power consumption)
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e Labor: 3700-X1,000/day
e Total Daily Cost: %1,192/day
o Cost per Meter: 311.92/m

3. Maintenance

Typical Activities:

e Blade Replacement: 33,000-35,000 (2000—-3000 meters per blade)
e Servicing: ¥1,000-32,000/year
e Annual Maintenance: 322,000

Manual Wall Cutting (Hammer and Chisel)
1. Productivity
e Wall Material: ACC Block
e Daily Productivity (2 workers): 48-80 meters (8-hour shift)
e Cutting Speed: 3-5 meters/hour per worker
2. Cost Analysis
e Labor Cost: ¥1,600-32,000/day for 2 workers
e Tool Cost: 32,000 (hammer and chisel set, 2 years lifespan)
e Total Daily Cost: %1,600-%2,000
e  Cost per Meter: 325-%333.33/m
3. Maintenance
e Tool Sharpening: 200/month
e Annual Maintenance: 32,400/year

Comparison: Manual Labor vs. Wall Chaser Machine

Parameter . Manual Labor Wall Chaser Machine
Cutting Speed 1-2 m/min 5-10 m/min

Daily Productivity 25-40 meters/day (2 workers)  96-108 meters/day (1 operator)
Team Size 1 Worker + 1 Assistant 1 Operator

Efficiency Low (skill dependent) High (machine-driven)

Initial Investment %1,000-%5,000 (tools) %50,000-%60,000 (machine)
Labor Cost (Daily) %1,600-32,000/day (2 workers) 1,000 (1 operator)

Operating Cost 0 3180-192/day (electricity)
Total Cost per Meter | 330-350/m ¥10-X12/m

Annual Maintenance = ¥500-1,000 (tools) %20,000-%22,000 (machine)
Noise and Dust High (hammering/chiseling) Moderate (dust extraction available)

Summary
e Cost Efficiency: Machine cutting is more cost-efficient in terms of cost per meter, providing significant savings in large-
scale projects.
e Productivity: Machines offer a 2—3 times faster cutting speed, significantly improving work pace.
e Investment: While the initial cost of the wall chaser machine is higher, its superior productivity and lower operational
costs make it a better choice for larger, repetitive tasks.

B: Plastering

Wall Plastering Machine (Kappa Ecomix Pro 40)
Specifications:
Brand & Model: Kappa Plastering Machine - Ecomix Pro 40
Plastering Speed: 100-120 m2/hour
Hopper Capacity: 100 liters
Power Input: 5.5 kW (three-phase)
Weight: 220 kg
Max Conveying Distance: 50 m horizontally
e Approximate Cost: X7,00,000 (price may vary)
1. Productivity:
e Assumptions: Plastering layer thickness = 12 mm
e Hourly Productivity: 100-120 m&/hour
Daily Productivity:
e 8 hours x 100 m?/hour = 800 m?/day
o  With inefficiencies: ~80-90% = 640-720 m2/day
2. Cost Analysis:
Initial Cost:
e  Machine Price: 37,00,000
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e Accessories (hoses, nozzles): 330,000/year
Operating Costs:
e Electricity: 5.5 kW x %10/unit = X55/hour x 8 hours = ¥440/day
Labor:
e Operator: 31,000/day
e  Assistant labor (2 persons): X1,600/day
Material Cost: Cement-sand mix: 315-320/m?
Total Daily Cost: %440 (electricity) + 2,600 (labor) = %3,040/day
Cost per Square Meter: 33,040 + 640 m? = 34.75/m?
3. Maintenance:
Typical Maintenance Activities:
e  Pump Replacement: 315,000-%20,000/year
e  Servicing: 35,000/year
e Hoses & Nozzles: 310,000/year
Annual Maintenance: 235,000/year
Key Insights:
e Cost Efficiency: More cost-effective than manual plastering.
e Productivity: ~10x more output than manual plastering.
e Suitability: Best for large-scale projects with uniform finishes.

Manual Wall Plastering
1. Productivity:
e Assumptions: Plastering layer thickness = 12 mm
e Productivity per Laborer: 10-15 m#/day (8-hour shift)
e Team Size: 1 mason + 2 helpers
Daily Team Productivity:
e Mason Output: 15 m2/day
e Team (1 mason + 2 helpers): 15 m?/day
2. Cost Analysis:
Labor Costs:
e  Mason: ¥800—%1,000/day
e Helper (2): %1,200-%1,600/day
e Total Labor Cost: 2,000-32,600/day
Material Costs:
o  Cement-sand mix: I15-320/m? x 15 m? =3225-%300/day
Total Daily Cost: 2,225-%2,900/day
Cost per Square Meter: 22,900 ~ 15 m? = %193.33/m?
3. Maintenance:
e Manual plastering requires minimal maintenance.
e Annual Tool Replacements: Plastering Trowels: 3200-%500, Other Tools: ¥1,000-%2,000
e Annual Maintenance: 2,000/year
Key Insights:
e Cost Efficiency: Higher cost per square meter compared to machine plastering.
e Productivity: Much slower than machine plastering.
e Suitability: Best for small-scale, intricate work.

Comparison: Manual Labor vs. Plastering Machine

Parameter Manual Plastering Plastering Machine (Kappa Ecomix Pro
Hourly Productivity 2-3 m?/hour 100-120 m?/hour

Daily Productivity 15 m?/day (team of 3) 640-720 m?/day (1 machine operator)
Team Size 1 Mason + 2 Helpers 1 Operator (skilled)

Labor Cost (Daily) %2,000-k2,600 %1,000 (operator)

Material Cost (Daily) %1,500 (15 m?) %1,500 (640720 m?)

Operating Cost (Daily) | 20 (manual labor only) %440 (electricity)

Total Daily Cost %3,500-%4,100 %2,440-%2,940

Cost per Square Meter | %¥233.33-%273.33/m? %3.40-34.50/m?

Annual Maintenance %2,000-%3,000 (tools) %20,000-30,000 (machine)
Suitability Small to medium-scale areas Large-scale, high-volume plastering
Precision & Finish High precision (depends on skill) = High consistency and even finish
Time Efficiency Slow (manual, labor-intensive) Fast (high productivity)

Final Comparison
e Cost Efficiency: Machine plastering significantly reduces costs, especially for large areas.
e Speed & Productivity: Machine plastering boosts productivity, covering larger areas in less time.
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e Labor Requirement: Manual plastering requires a larger workforce (3 workers), while a machine only requires one
operator.

e Maintenance: Manual plastering has minimal maintenance costs, while machine plastering involves higher upkeep costs.

e Suitability: Manual plastering is ideal for small, intricate jobs, while machine plastering excels in large, uniform surface
areas.

C: Painting

Spray Paint Machines (Graco Ultra Max I1 495 PC Pro)
Specifications:
e  Output Pressure: 3,000 psi
e Max Flow Rate: 1.9 I/min
e Horsepower: 0.75 HP
e Weight: 15.8 kg
e Approx. Cost: X1,20,000 (subject to change)
1. Productivity:
e Paint Coverage: 10-12 m?/liter
e  Spraying Speed: 25-30 m#hour
e  Daily Productivity: 160-180 m2/day (8-hour shift)
2. Cost Analysis:
e Initial Cost: ¥1,20,000 (machine) + X10,000—=15,000 (accessories/year)
Operating Cost:
o  Electricity: 344.8/day
e  Material Cost: R30/m? X 160 m? = %4,800-35,400/day
e Labor: 31,000-X1,500/day
e Total: 35,844.8-36,944.8/day
e  Cost per Square Meter: 336.53/m?
3. Maintenance:
e Annual Servicing: 7,000 (pump/motor) + 22,000 (hoses/tips) = X9,000/year
Key Insights:
e Cost Efficiency: Moderate cost per square meter, more cost-effective for large areas.
e Productivity: Significant increase in productivity compared to manual methods.
e Maintenance: Requires regular maintenance, especially for pumps and tips.
e Suitability: Ideal for large-scale projects requiring speed and precision.

Manual Wall Painting (Brush/Roller Method)

1.Productivity:
e Application Rate: 5-8 m2/hour
e Team Size: 1 Painter + 1 Assistant
e Daily Productivity: 32—36 m#/day
2. Cost Analysis:
e Labor Cost: 31,300-%1,800/day
e  Material Cost: R30/m? x 32 m? = 3960/day
e Total Daily Cost: %2,260-32,760/day
e  Cost per Square Meter: X86.25/m?
3. Maintenance:
e Annual Tools Maintenance: X1,500/year (brushes, rollers, and other hand tools)
Key Insights:
e Cost Efficiency: More expensive per square meter than spray painting.
e Productivity: Much slower, covering smaller areas daily.
e Maintenance: Minimal maintenance, focused on tools.
o Suitability: Best for small, detailed jobs or areas requiring high precision.

Comparison: Manual Labor vs. Spray Paint Machine

Parameter Manual Labor Spray Paint Machine (Graco Ultra Max 11 495 PC
Pro

Hourly Productivity | 5-8 m#hour 25-30 m?/hour

Daily Productivity 32-36 m?/day (8-hour shift) 160-180 m?/day (8-hour shift)
Team Size 1 Painter + 1 Assistant 1 Operator

Labor Cost %1,300-%1,800/day %1,000/day

Material Cost %960/day (32 m?) %4,800-%5,400/day (160—180 m?)
Electricity Cost 0 %44.8/day

Operating Cost %2,260-%2,760/day %5,844.8-36,944.8/day
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Cost per Square | 286.25/m? %36.53/m?
Meter
Annual Maintenance @ %1,500/year (tools) %9,000/year (machine servicing, hoses, tips)
Maintenance Type Tool replacements (brushes, = Pump servicing, tip, and hose replacements
rollers)
Suitability Small, detailed jobs Large-scale, repetitive jobs
Time Efficiency Slow (labor-intensive) Fast (increased productivity)
Flexibility Flexible for detailed areas Best for large, uniform areas
Key Takeaways:

e Cost: Manual labor is more expensive per square meter due to higher labor costs and slower productivity.

e Productivity: Spray paint machines are significantly faster, making them ideal for large-scale projects.

e Maintenance: Manual labor needs minimal maintenance, while machines require regular servicing.

e Suitability: Manual labor is best for smaller, intricate tasks, whereas spray machines excel in large-scale projects due
to their speed and consistent finish.

3.4 Brigade Exotica Case Study

Project Overview: Brigade Exotica is a high-rise residential project located in Bangalore, comprising two towers, each with 35
floors. The project covers a built-up area of 1.5 million sq. ft. with over 360 residential units.
Mechanization Overview: The project employed a range of mechanized equipment to enhance productivity and quality, including:
e Plastering: Putzmeister MP25 plaster spray machine
e Floor Screeding: Bosch GST 90BE screeding machine
e Painting: Graco Ultra Max Il 695 airless paint sprayer
e Tiling: Rubi DC-250 tile cutter
Productivity Gains: Mechanized methods significantly boosted productivity:
e Plastering: Increased from 100-150 m#/day (manual) to 3,200-3,600 m2/day (mechanized).
e Floor Screeding: Increased from 200-300 m2/day (manual) to 1,000-1,200 m?/day (mechanized).
e Painting: Increased from 1,000-1,200 m2/day (manual) to 5,000—7,000 m?/day (mechanized).
e Tiling: Increased from 80-100 tiles/day (manual) to 100-120 tiles/day (mechanized).
Cost Implications: Mechanization led to cost savings in each task:
e Plastering: 30% savings per m2.
e Floor Screeding: 27% savings per m2,
e Painting: 31% savings per m2.
e Tiling: 33% savings per m2,
Labor Reduction:
e Plastering: Reduced from 10-12 workers to 3-4.
e Floor Screeding: Reduced from 6—8 workers to 2-3.
e Painting: Reduced from 4-6 workers to 2.
o Tiling: Reduced from 4-6 workers to 2.
Quality and Sustainability:
e  Mechanized methods ensured smoother, more consistent finishes and minimized errors, improving the quality of work.
e  Waste reduction in plaster and paint, along with better energy efficiency, contributed to sustainability.
e Reduced manual handling led to fewer on-site injuries and improved safety.
Challenges and Solutions:
e Operator Training: Delays were caused by the need for training, which was addressed through workshops and hands-
on demonstrations.
e Machine Maintenance: Maintenance issues were resolved through a service agreement and routine servicing
schedules.

Conclusion: The use of mechanization in Brigade Exotica greatly enhanced construction speed, reduced labor dependency, lowered
costs, and ensured high-quality outputs. The machinery investments resulted in long-term savings and improved project efficiency,
contributing to the timely and successful completion of the project.

4. Conclusions

The findings of this study highlight the transformative potential of mechanization in the construction phase of high-rise residential
projects in India. Through an integrated approach combining literature reviews, surveys, and case studies, the research identifies
significant benefits, including enhanced productivity, improved safety standards, reduced material wastage, and higher quality
outcomes. However, the study also underscores key barriers to adoption, such as high initial costs, limited availability of skilled
operators, resistance to change, and the fragmented nature of the construction industry.

Comparative analyses between mechanized and traditional methods reveal that mechanization leads to substantial time and cost
savings, particularly in repetitive and high-volume tasks such as plastering, painting, and wall chasing. Despite these advantages,
the limited application of mechanization in internal works points to a significant untapped opportunity for the sector.

The study's recommendations address these challenges and aim to facilitate broader adoption of mechanization. These include
strategic investments in advanced machinery, the development of targeted training programs to upskill operators, and the
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introduction of government incentives to mitigate high initial costs. Additionally, fostering industry-wide collaboration to establish
mechanization guidelines and sharing success stories can help overcome cultural resistance and accelerate adoption.

In conclusion, the integration of mechanization is not merely a technological advancement but a critical step toward meeting India’s
growing urban housing demands sustainably. By addressing the identified barriers and implementing the proposed strategies,
stakeholders can harness mechanization's full potential, ensuring faster, safer, and more efficient construction practices that align
with the nation's urbanization and sustainability goals.
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