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ABSTRACT

Construction industry is associated with risks and uncertainties, due to its nature. On the other hand, those
risks and uncertainties have instigated the discovery of innovative technologies to eliminate risks and
uncertainties. Although technologies in construction industry is being innovated to provide solutions for
potential issues on time, cost, quality, and sustainability, past researches still emphasis that the construction
industry is not yet developed as other parallel industries. In the post war period, Sri Lankan construction
industry became vast and advance with high rise building constructions. Land scarcity and high population
growth are reasons for such tremendous development of high-rise buildings. However, the deficiency in the
development of technologies in the construction industry does not fulfil modern necessities.

Therefore, the purpose of this research paper is to investigate the innovative technologies adopted in high
rise building construction projects in Sri Lanka, for a successful completion within the budget, on time, and
with adequate quality. A comprehensive literature review survey was performed to identify innovative
technologies integrated in building construction industry during the design and construction development
phases. Data were collected through eight (08) ongoing high rise building projects located in urban
Colombo area, and these data were categorized according to the cases and presented as percentages among
the projects. The results from the study revealed that the use of innovative technologies vary, and currently,
common technologies are used during the design and construction phases. Further, the study identified
identical benefits the client and the contractor can gain by using innovative technologies, and the challenges
faced by industry stakeholders.

Keywords: Benefits; Challenges; High-rise buildings; Innovative technologies.

1. INTRODUCTION

Construction is defined as the combination of physical infrastructure, civil-engineering work, all building
work, and the maintenance and renovation of existing structures (Wells, 1985). However, because of its nature,
the construction industry is associated with risks and uncertainties. According to Dubois and Gadde (2002),
uncertainty in construction happens due to four major reasons: (1) management is unfamiliar with local
resources and the local environment; (2) lack of complete specifications for construction activities; (3) lack of
uniformity of projects; and (4) unpredictability of the environment. Nguyen and Chileshe (2015) stated that
outdated technologies are a major reason for a project failure, while Assaf and Al-Hejji (2006) implied that
lack of innovative technology implementation cause project to delay. This bears evidence that the construction
industry require innovative technologies for managing risks and uncertainties. Consequently, Rosenberg
(2004) said that “Uncertainty” is the single feature that dominates the search for innovative technologies and
innovation must have been a major force in the growth of output in highly industrialized economies.

As per Kavilkar and Patil (2014), innovative technologies support the construction of safer and economical
buildings. According to Warszawski and Navon (1998), the main aspects of innovative technologies are
maximizing production, minimizing labour resource, and improving quality. Rosenberg (2004) argued that the
mechanized manufacturing methods reduce labour cost up to 30%, and Bock (1998) stated that using
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innovative technologies can save time, cost, and quality of the product. In the same way, Kyjakova, et al.
(2014) reported that innovative technologies permit the construction of attractive buildings of any size,
preferably with several storeys, and custom designed to meet specific requirements. Egan (1998) and
Benmansour and Hogg (2002) explored the benefits due to innovation in the construction as improved living
and working conditions, lower costs, sustainability, high profitability, and a lesser impact on the consumption
of energy and environment. While the Sri Lankan construction industry is in boom through the past decade,
innovative technologies entered in to Sri Lankan industry more than ever in the post-conflict scenario in the
country, after the end of the ethnic war in 2009. With the revolution of the construction industry, more of high
rise building projects started than in the past, especially in Colombo and suburban areas. Therefore, the purpose
of this paper is to investigate the innovative technologies adopted in high rise building construction projects
in Sri Lanka. Various authors used different terminologies for innovative technologies such as modern
technologies (Vaha et al., 2013), advanced technologies (Kildien¢, et al., 2014) and new technologies (Hing,
2006), but the term ‘innovative technology’ was adopted throughout this research study.

The paper structure begins with an introduction to the study, followed by a literature review on necessity of
innovative technologies in high rise building construction industry, drivers, benefits, and challenges. The
research methodology, data collection, and data analysis are presented next, and finally, the paper presents
conclusions derived from research findings with recommendations.

2. LITERATURE REVIEW

2.1, INNOVATIVE TECHNOLOGIES IN CONSTRUCTION INDUSTRY

The definition given for innovation by Slaughter (1998) is, “the actual use of a nontrivial change and
improvement in a process, product, or system that is novel to the institution developing the change.” According
to Ling (2003), innovation is “a new idea that is implemented in a construction project with the intention of
deriving additional benefits, although there might have been associated risks and uncertainties.” Moreover, it
is pertinent to note current industrial practices deviating from the conventional path of innovative technologies.
Puddicombe (1997) highlighted that in response to the increasing complexity of modern construction projects,
industry practitioners have differentiated themselves. “Already there have been many efforts to apply the
evolving computer science software technologies loosely called “artificial intelligence’ to construction” (Bock,
1998). Furthermore, Sakamota and Mitsuoka (1994) stated that new machines need to be developed for better
usage and improvement of the productivity in building construction. Moreover, Sakamota and Mitsuoka (1994)
explored the mechanized construction system, which is carried out by machines, by considering the
introduction of technologies and ideas from construction to other sectors such as mechanical engineering,
electrical engineering, electronic engineering, and Information Technology (IT) sections.

Hu (2016) argued that the people’s demand for construction development is the pathway for the technological
innovation of construction that can support the builders to achieve their goals. According to Hu (2016),
innovative technologies can ensure the aspects of a construction project and builders can improve safety during
construction. Furthermore, the same author mentioned that innovative technologies and techniques are
strategies to save resources and implement environmental-friendly constructions. Then the development of
projects and sustainable development of human society become major aspects of innovative technologies. The
author further argued that saving time, shorter construction period, saving labour costs, and improved quality,
are the general aspects of innovative technologies, whereas ultimate output of innovative technologies is
improving the living conditions of people in the society. Kildiené et al. (2014) stated that construction
innovation is more effective than conventional methods and some are novel solutions for problems confronted
in conventional methods.

Kildiene et al. (2014) explained that the improvement of the quality of human behaviour, distribution of
technologies, reducing cost and time, and sustainability, are the aims of the construction sector. A key feature
to achieve such aims is the use of innovative construction materials and technologies. Figure 1 illustrates the
concept of development of the advance technologies. According to Kildiene et al. (2014), innovative
technologies in the construction industry fulfil the major concern on cost, time, and sustainability, which are
developed and tested as a prototype model in the laboratory and environment to provide the optimum output
(refer Figure 1).
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Figure 1: Advance Technology Development Concept
(Source: Kildiené et al., 2014)

2.2. INNOVATIVE TECHNOLOGIES IN HIGH RISE BUILDING CONSTRUCTION

Thapa, et al. (2013) identified that massive population and land scarcity increase the demand for high rise
buildings. The authors argued that innovative technologies are major factors for the success of high rise
building construction. The technological development, population density, good financial power, and
reputational competition, increase the demand for high rise building construction. Many authors have
discussed innovative technologies which can adopt during the design phase, substructure construction phase,
and superstructure construction phase. Dossick and Simonen (2014) introduced BIM as a solution to a potential
problem in high rise building design due to scope, complexity, and constructability, and explained that
potential conflicts can be solved by BIM before the construction. Alshanbar (2014) stated that BIM is an
innovation tool in the design process in modern construction.

Sandelin and Budajev (2013) identified wind as a major problem in high rise building construction and
explained various tubular systems in the current construction industry. VVaha, Heikkild, and Kilpeldin (2013)
identified automated operation in digital form for measuring work, levelling, and surveying, as an alternative
for manual measurement tools tape measures, transits, levels, and plummets. Digital theodolites or tachometer
(a combination of a theodolite and an electronic distance measuring device), GNSS (Global Navigation
Satellite System), laser planes levels, and plummets, are used for positioning purposes.

Haowen (2015) specified that innovative formwork systems are the best solution for difficulties faced in high
rise buildings, such as high position for work, low position for supporting, aerial movement of formwork, and
sufficient strength. PERI formwork system (Loret et al., 2015), crane operated climbing formwork system
(Dahlin and Yngvesson, 2014), andslipping formwork system (Loret et al., 2015), are some advance
formarwork systems discussed in the literature. Iwiss (2008) introduced electric rebar cutter machines that can
cut rebar easily and accurately. When the diameter of the reinforced bar increase, the lap length also increase.
As a solution, Outakumpu (2013) introduced reinforced bar couplers that are more cost effective and save 52d
length in each bar. Véha et al. (2013) described about an innovative machine for plastering and explained on
uniqueness. Table 1 presents some innovative technologies used in high rise building construction during
design phase, substructure construction phase, and superstructure construction phase, identified through a
critical literature review.
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Table 1: Innovative Technologies in High Rise Building Construction during Design and Construction Phases

Building Phase

Innovative technologies

Design Phase

Building Information Modelling(BIM) (McCuen and Tamera, 2014; Alshanbar, 2014)

Frame (Design developments in
structure) (Sandlin and Budajev, 2013)

Tubular systems (Sandlin and Budajev, 2013)

Dampers Trussed tube system
Shear wall Bundled tube system
Rigid frame Tube in tube system
Bracing Core with outrigger system

Braced rigid frame

Buttressed core system

Tubed mega frame system

Construction Phase- Sub
Structure

Earthmoving works (intergraded with any other method) (Pan and Hou, 2016)

Measuring Tools (Digital or any)

Pile Foundation (Véaha et al.,2013)

Levelling Tools (Digital or any)

Automated piling systems

Surveying Tools (GPS or any)

PHC screw piles

Positioning Tools (GPS or any)

Large diameter bored pile

H-pile

Mini-pile foundation

Intergraded with GPS

Construction phase-Super
structure

Formwork material

In situ concrete

Aluminium formwork

Self-compacting concrete

Fibber glass formwork (Richard,1962)

Self-levelling and self- curing concrete

Plastic formwork

Magnetically driven concrete

Advanced formwork systems

Self-healing concrete (Honkers, 2011)

Crane-operated climbing formwork

Alternative for Portland cement

System formwork (PERI System) (Loret
et al., 2015)

Light weight concrete

Slip formwork system (Loret et al., 2015)

Carbon nanotubes

Hoisting and Working platform
(Acuna, 2000)

Pumping system

Gondola/Swinging Stage

Truck-mixture concrete pumps

Work platforms

Staged pumping

Automated building construction
system (ABCS) (Miyakawaet al., 2000)

Stationary concrete pumps and booms

Automated crane

Prefabrication of elements (Acuna, 2000)

Reinforcement (Thillairaja, et al.,
2015;lwiss, 2008; Outakumpu, 2013)

Pre-tension concrete element

Reinforced bar bending machine

Post-tension concrete element

Rebar cutter (RC)

Precast concrete

Portable rebar tying tools

Contour crafting (layer fabrication)

Reinforced bar coupler in columns

Sandwich panel

Cup lock Scaffolding (SGB-Group,2005)

Finishes (Véha et al., 2013)

Plastering machinery

Tiling machines

Painting machines

Epoxy flooring

Power trowelling
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2.3. DRIVERS AND BARRIERS TO IMPLEMENT INNOVATIVE TECHNOLOGIES

Ahn et al. (2013) identified some drivers to implement innovative technologies with sustainable construction
as follows: Energy, environmental, and resource conservation, Regulations and policies, Reduction of waste,
Proactive of product and materials, Cost transparency, Building rating methods (LEED, Green Globes),
Educating and training facilities, Recognition of commercial buildings as assets, Proactive performance,
Success of complicated high rise building design, New kinds of procurement methods, High productivity,
Improving sustainability and quality, Awareness from clients, Improving social benefits, and cost reduction.
Winch (2003) stated the productivity, quality, and value of money, were not developed with parallel industries
due to lack of innovation in construction.

Barriers

Due to Cost Due to Time Due to Stakeholders

igh it Np(;?ido:jopog — Lack of :_alw_areness [
cost premium implement :|| Ei”r:]?iz;“sif;zier | |
Expensive Extentionof| f—{ Concern warrenties |
st i
—{ Polices and regulation changes |

— Poor team work |

Figure 2: Barriers for Implementing Innovation Technologies
(Source: Ahn et al., 2013)

Benmansour and Hogg (2002) investigated barriers to adopt innovative technologies to a project due to
deficiency of infrastructure, shortages in education and training, legislation problems, discouraged aspects of
clients and engineers, and production of unique. Ahn et al. (2013) identified that barriers for innovation
technologies depend on sustainable construction. Those barriers could divide into main three groups; barriers
due to cost, barriers due to time, and barriers due to stakeholders. Figure 2 illustrates such barriers under each
heading.

3. RESEARCH METHODOLOGY

This research paper aims to investigate the innovative technologies adopted in high rise building construction
projects in Sri Lanka for a successful completion within the budget, on time, and with adequate quality. To
fulfil the research aim, the study selected eight (08) ongoing high-rise buildings, with over twenty storeys (20)
and located in Colombo area, to investigate the current innovative technologies adopted during design and
construction phases. As stated by Denzin and Lincin (2005), qualitative researchers study things in their natural
settings, attempting to make sense of, or interpret, phenomena in terms of the meanings people bring to them.
Case analysis data were summarised using the frequency and percentage basis. Table 2 illustrates general
information of the selected cases.

Table 2: Profile of the Case Analysis

Description Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Type Hotel Office Residential  Multi Multi Office Residential  Residential
Building Building Building purposive purposive building Building Building

commercial commercial
building building

Employer Private Government  Private Private Private Government  Private Government
Contractor  Local Vv Foreign Vv Foreign Vv Vv Local
Condition Ongoing Ongoing Ongoing Ongoing Ongoing Ongoing Ongoing Ongoing

201



The 6" World Construction Symposium 2017: What's New and What's Next in the Built Environment Sustainability Agenda?
30 June - 02 July 2017, Colombo, Sri Lanka

ICTAD C1 C1 C1 C1 C1 C1 C1 C1
grading contractor  contractor contractor  contractor contractor contractor contractor  contractor
Contract Rs. 9.0 Rs. 8.0 Rs. 14.7 Rs. 92.5 Rs. 31 Rs. 7.4 Rs. 7.0 Rs. 5.7
price Billion Billion Billion Billion Billion Billion Billion Billion
Height 205m 140m 264m 156m 175m 74m 77m 70m
No. of 1 1 2 3 2 1 1 1
towers in
Building

4, DATA ANALYSIS AND FINDINGS

The study findings discussed the use of innovative technologies under main four phases; Design phase,
Substructure phase, Superstructure phase, and Finishes phase. In each case, the relevant information was
collected through project managers, site engineers, project architects, project quantity surveyors, and technical
officers where necessary.

4.1. ANALYSIS OF INNOVATIVE TECHNOLOGIES ADOPTED IN DESIGN PHASE

The current practice of innovative technologies during the design phase was summarized in Tables 3 and 4,
based on the professional response.

Table 3: Analysis of Innovative Technologies in Design Phase

Innovative Case Case Case Case Case Case Case Case %

Technology 1 2 3 4 5 6 7 8
BIM X X V V V X X X 375
Dampers X X X X X X X X 0.0
Shear wall \ \ \ \ \ \ \ v 1000
Rigid frame \ \ \ \ \ \ \ \ 100.0
Bracing X \ X X \ X \ X 375
Braced rigid frame X X X \ X X X X 12.5

According to Table 3, some technologies are not yet practised while some have become common to all cases.
Dampers have not been adopted in these projects and the braced rigid frame is less practised. On the other
hand, shear wall and rigid frame are used in all projects. It revealed that these are the most popular techniques
to withstand wind load, and became a common technology to all cases. Table 3 depicts the bracing is used in
three projects, and BIM is executed in Cases 3, 4, and 5. The BIM applications were used in the above cases;
however, these cases have not obtained the concept of BIM fully. “Revit” application was executed in most
cases, and the emerged fact is, consultancy organizations, if they are foreign organizations, executed BIM. The
findings revealed that Case 5 practiced higher innovative technologies compared to other projects. The lowest
practicing was reported from Cases 1 and 8.

Table 4: Analysis of Tubular System

Innovative Technology Case Case Case  Case Case Case  Case Case %
(Tubular Systems) 1 2 3 4 5 6 7 8

Frame tube system X X X X \ X X X 12.5
Trussed tube system X X X X X X X X 0.0
Bundled tube system X X X \ X X X X 12.5
Tube in tube system X X X \ X X X X 125
Core with outrigger system \ X \ \ X \ X v 625
Buttressed core system X X X X X X X X 0.0
Tubed mega frame system X X X \ X X X X 125
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The literature search identified seven tabular systems used in building projects. Based on Table 4, core with
outrigger system was the most popular tubular system, since the core is a major concern in high rise buildings.
The core was used to fix the lifts and used as services ducts. Hence, tube becomes a core part of the high-rise
building constructions. However, trussed tube system and buttressed core system were not practised in any
selected projects. Among them, Case 4 practised higher amount of innovative techniques under tubular system,
where three proposed building towers could be seen under Case 4.

4.2. ANALYSIS OF INNOVATIVE TECHNOLOGIES ADOPTED IN SUBSTRUCTURE PHASE

Table 5 illustrates innovative technologies used in substructure phase with their percentages. In substructure
phase, the measuring tool and large board piles received the highest percentage of 100%. The innovative total
station is an electronic theodolite integrated with electronic distance meter (EDM). The respondents in Cases
1, 2, and 3 said that these are more accurate and highly user friendly. Therefore, they tend to use it as a
measuring tool in high rise building constructions. Moreover, respondents highlighted that small errors in
levelling, measuring, surveying, or positioning in bottom, will be a dominant issue due to height. All
respondents indicated that accuracy in equipment is of high concern in high rise building construction.
Therefore, electronic levelling tools and surveying tools become the trend. GPS integrated system is used for
positioning, and laser plummet facilitates measuring and positioning due to high accuracy. As Table 5 depicts,
those receive higher percentages comparatively. Almost all projects uses the large diameter board piles. Only
Case 1 used piling machines integrated with GPS, but none of the projects used automated piling systems,
PHC screw piles, and mini piles, because those are intended for special requirements. In addition, Cases 1, 3,
and 8 used earthmoving machines integrated with GPS system, although the earthmoving machines can be
only indicated in the marked positions.

Table 5: Innovative Technologies Adopted in Substructure Phase

Innovative Technology Case Case Case Case Case Case Case Case %
1 2 3 4 5 6 7 8
Earthmoving works (GPS) \ X \ X X X X \ 375
Measuring Tools (Digital or any) \/ \/ \/ \/ \/ \/ \/ \/ 100.0
Leveling Tools (Digital or any) \ \ \ X \ \ \ \ 87.5
Surveying Tools (GPS or any) \ \ \ X \ \ \ \ 87.5
Positioning Tools (GPS or any) \ \ \ \ X \ \ \ 87.5
Pile Foundations

Integrated with GPS \ X X X X X X X 125
Automated piling system X X X X X X X X 0.0
PHC screw piles X X X X X X X X 0.0
Large diameter bored pile \ \ \ \ \ \ \ \ 100.0
H-Pile v v X X X v v X 50.0
Mini-pile foundation X X X X X X X X 0.0

Respondents of Cases 1, 2, 4, and 5, highlighted earth retaining technologies since deep excavations are
involved in basement and pile caps in high rise building construction. A better earth retain technologies are
required for high rise building construction, and the earth retains technologies applied in the selected cases are
as follows: Steel Truss, Sheet piles, Secant piles, and Jet grouting wall.

4.3. ANALYSIS OF INNOVATIVE TECHNOLOGIES ADOPTED IN SUPERSTRUCTURE PHASE

Through a critical literature review, innovative technologies adopted in superstructure phase has been divided
in to six (06) areas; i.e. Formwork, Hoisting and Working Platforms, Reinforcements, Concrete Work,
Pumping, and Prefabricated Elements.

The literature identified that aluminium, fiber glass, plastic, crane operated climbing, system formwork (PERI
system), and slip formwork, are used as innovative systems compared to the conventional timber/ plywood
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formworks. It could observe that Cases 1, 4, and 6, used aluminium formwork while other projects used
plywood as formwork for general purposes. In addition, except Cases 5 and 6, all other projects have used
system formwork as an advanced formwork system. Case 4 additionally used crane operated system formwork.
One respondent from Case 5 stated that skilled workers can perform an equal work load in a lesser cost than
with the use of system formwork.

Table 6 illustrates the findings of hoisting and working platforms, and depicts that working platforms are more
popular than gondolas among the cases. It revealed that automated building construction systems (ABCS) are
not yet practised, but Cases 1, 3 and 5 used semi-automated cranes during the construction. The interview
personnel stated that the lifting weight and turning range were automatically controlled in these cranes. The
luffing crane, which has ability to move horizontally and vertically, is more popular. In Case 3, CCTV cameras
were located on top of the crane, which can be operated from the office. They were located to check the
progress and ongoing work. The respondent of Case study 5 said that mobile cranes become a new trend, which
can climb through core and work at top of the building.

Table 6: Innovative Technologies in Hoisting and Working Platforms

Innovative Technology Case Case Case Case Case Case Case Case %
1 2 3 4 5 6 7 8
Gondola/Swinging Stage \ X X X \ \ X X 375
Work platforms \ X X \ \ \ X X  50.0
Automated building construction system X X X X X X X X 00
Automated crane \/ X \/ X \/ X X X 375

Reinforcement bars area key material in high rise buildings. The study revealed that except Portable rebar
tying tools, other types such as rebar cutter, reinforced bar bending machine, and Reinforced bar coupler in
columns, have been used in all projects. Cases 1 and 7 used electrical bar bending machines and others used
hydraulic bar bending machines, which have 3 times speed on average than manual. Moreover, the electrical
portable rebar cutters were used instead of gas cutter. The respondents specified that bar couples in column
becomes a popular technology, which reduced the lap length, and further it revealed that the cup lock
scaffolding use 50% among these cases. The respondent in Case 3 stated that cup lock scaffoldings are speedy
and need less labour for erecting and dismantling than conventional steel scaffolding.

A special concrete was used in high rise building construction, where self-compacting concrete and alternate
for Portland cement concrete was commonly used. The projects that used self-compacting concrete (Cases 1,
2, 4,5, and 7) identified that free compaction and high flow ability caused the popularity of self-compacting
concrete in high rise building construction. The respondent of Case 4 said that self-compacting concrete is
used for rebar in congested areas. Conversely, magnetically driven concrete and self-healing concrete are not
practised well in the selected cases. However, light weight concrete was used in 75% of the projects. The Case
1 respondent indicated that reducing the structural weight of the building was the main aim of using light
weight concrete. Carbon nano tubes are not used in these projects although they are a substitute for reinforced
concrete. In addition, several cases used admixtures mixed concrete for specific purposes. Cases 1, 2, and 5
used ice mixed concrete to control the heat in concrete. Case 1 used accelerated admixture to speed up the
hydrant of the concrete to speed erection. Case 3 used fly ash and silica fume for basement construction due
to its high strength and water resist characteristics, while Case 5 used water proofing concrete as a water
resistant purpose.

Table 7 present the findings of innovative technologies in concrete pumping systems. The findings emphasised
that the stationary concrete pumps are the most popular type in these cases. Next was the truck mixture concrete
pump. Case 4 used all three types of pumping systems, and its respondent said that pumping system need to
be changed with the erected height of the building. According to his opinion, the truck mixture concrete pumps
are the most suitable pumping method for the construction of foundation and basement. The stationary pumps
are needed to pump concrete to a higher level. If the height could not be achieved by available stationary
pumps, then the use of stage pumps becomes a necessity rather than changing to higher capacity stationary
pumps. As stated by the respondents, the available equipment become ideal, and will impact the cost and time.
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Table 7: Innovative Technologies in Pumping

Innovative Technology Case Case Case Case Case Case Case Case %
1 2 3 4 5 6 7 8
Truck-mixture concrete pumps \ \ \ \ X \ \ N 875
Staged pumping X X X \ X X X X 125
Stationary concrete pumps and booms \ \ \ \ \ \ \ v 100.0

The next advanced technology was prefabrication elements, which have been used in 50% of the cases. Case
1 respondent stated that precast wall construction method “Eco-tec” is popular in Sri Lankan construction
industry. It revealed that pre-tension concrete and contour crafting are not practised in the selected cases. Post-
tension concrete elements are used in Cases 3 and 4. The respondent of Case 3 stated that the post-tension
slabs are used due to less beam depth and optimum floor height with less thickness of slab. Therefore, in Case
3, the entire building received post-tension concrete slabs. However, Case 4 decided to adopt post-tension
slabs for special requirements and thus, only one part adopted post-tension slabs to gain a large span with less
columns. Cases 2 and 4 used sandwich panels as insulation. In Case 2, sandwich panels were used in the
auditorium and to partition walls. The respondent of Case 4 explained that plastic spacers were used when
placing structural precast element, because it facilitated perfect fixing.

4.4, ANALYSIS OF INNOVATIVE TECHNOLOGIES ADOPTED IN FINISHES PHASE

Table 8 illustrates the innovative technologies used for finishes work. According to the findings, power
trowelling is the most popular floor finish. According to the respondent of Case 2, many high rise building
projects tend to use power trowelling method due to less additional material, speed, and cost. Plastering
machines and painting machines received 50%. Case 4 respondent explained that epoxy flooring was used for
special requirements to gain an advanced finish. In addition, respondent of Case 3 stated that timber flooring
to floor finishes and wall papers to wall finishes were applied. Case 5 used Wall claddings.

Table 8: Innovative Technologies in Finishes

Innovative Technology Case Case Case Case Case Case Case Case %
1 2 3 4 5 6 7 8
Plastering machinery X \ X \ \ X \ X 500
Painting machines \ X X \ \ \ X X 500
Tiling machines X X X \ X X X X 125
Epoxy flooring \ X X \ X X \ X 375
Power Trowelling \ \ \ \ \ \ \ v 100.0

4.5, BENEFITS AND CHALLENGES FOR CLIENT AND CONTRACTOR BY USING INNOVATIVE TECHNOLOGIES

The study identified identical benefits gained by the client and the contractor by using innovative technologies
as follows:

Time saving due to speed construction

Cost reduction due to less wastage and less construction period
Less additional material, labour, and equipment

Proactive material covers more than one purpose

High quality of work

Less disputes between the parties due to proper communication
Obtain optimum space as working space

Special requirements can be fulfilled

Waste reduction

On the other hand, challenges faced by client and contractor when using innovative technologies were
identified through the opinions of respondents’:
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e Higher initial cost premium
e Most of innovative plant and equipment are at higher costs
e Transport issues

It revealed that some innovative materials and plant required special permission to transport, because
innovative materials and plant could not be categorized under existing categories in regulatory bodies.
Therefore, it requires a special permit from authorities, and this process demand additional cost and time.

Lack of operators or skilled labours and supervisors

Innovative technologies are required for staff and labour training

Insufficient suppliers and sub-contractors due to occasional usage of innovative plant and materials
Heavy machinery requirements for several innovative technologies

Need staff training, and that process need a longer period with additional costs

To adopt innovative technologies, it is pertinent to mitigate above challenges. Therefore, an organization needs
to proceed after identifying internal and external impacts.

5. CONCLUSIONS

Most practising technologies were imported to local construction organizations from abroad, while some
advanced technologies migrated with foreign organizations. The high technical and advanced technologies
integrated with robotic are less practised in the construction industry. In addition, due to less skilled labour,
some innovative technologies remain on the edge. Conversely, there is a possibility to apply those technologies
in the construction industry with time. As the study revealed, innovative technologies could dominate the
construction industry soon because the high rise buildings that can not be tackled through current practising
technologies, are upcoming in Sri Lanka. Therefore, to survive and gain more benefits, it is necessary to adopt
and encourage innovative technologies in local construction industry.
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