
Northumbria Research Link

Citation:  Jayasinghe,  S.  J.  A.  R.  S.  and Fernando,  Nirodha (2015)  Labour  productivity
norms for aluminium system formwork in low-cost housing construction projects in Sri
Lanka. In: The 4th World Construction Symposium 2015, 12-14 June 2015, Colombo, Sri
Lanka. 

URL: 

This  version  was  downloaded  from  Northumbria  Research  Link:
http://nrl.northumbria.ac.uk/id/eprint/25314/

Northumbria University has developed Northumbria Research Link (NRL) to enable users
to access the University’s research output. Copyright © and moral rights for items on
NRL are retained by the individual author(s) and/or other copyright owners.  Single copies
of full items can be reproduced, displayed or performed, and given to third parties in any
format or medium for personal research or study, educational, or not-for-profit purposes
without  prior  permission  or  charge,  provided  the  authors,  title  and  full  bibliographic
details are given, as well as a hyperlink and/or URL to the original metadata page. The
content must not be changed in any way. Full items must not be sold commercially in any
format or medium without formal permission of the copyright holder.  The full policy is
available online: http://nrl.northumbria.ac.uk/policies.html

This document may differ from the final, published version of the research and has been
made available online in accordance with publisher policies. To read and/or cite from the
published version of  the research,  please visit  the publisher’s website (a subscription
may be required.)

                        

http://nrl.northumbria.ac.uk/policies.html


 
 

LABOUR PRODUCTIVITY NORMS FOR ALUMINIUM SYSTEM 
FORMWORK IN LOW-COST HOUSING CONSTRUCTION PROJECTS IN 

SRI LANKA 

S.J.A.R.S. Jayasinghe∗and Nirodha Gayani Fernando 
Department of Building Economics, University of Moratuwa, Sri Lanka 

 

ABSTRACT 

In enhancing the living standards of the society advanced technologies can be used in gaining the 
labour productivity and competitive advantage. There the low-cost housing projects are facilitating a 
proper labour productivity adhering the effect of labour productivity factors. Thereby, Aluminium 
system formwork is a use of advanced methodology which enhance the labour productivity in low-cost 
housing projects while highlighting the significance and domain created within the industry. 

Meanwhile, tendency of poor performance in Aluminium System Formwork is observed due to 
improper planning in high rise building construction. Consequently when maintaining productive 
advantage, productivity norms are number of labour hours required to complete a particular task 
while facilitating the efficient evaluation of labour performance in enhancing the merits of the 
Aluminium System Formwork. Hence, deficiency of researches have been done to establish particular 
standards or norms, this research aims at investigating the realistic measure of the labour 
performance for Aluminium System Formwork in low cost housing projects. 

Accordingly, a case study was conducted using direct observations to prepare the labour productivity 
norms and collected data were analysed based on labour productivity factors. Finally conclusions 
were drawn and recommendations were put forward. 

Findings proved the combination and varying effect of weather factors, crew factors, management and 
projects factors, site conditions represent different labour productivity norms in each four different 
occasions. Meanwhile within each occasion the effect of structural elements towards the norms is 
highlighted and facilities the realistic measurement of the labour performance in Aluminium system 
formwork while embossing low cast housing concept. 

Keywords: Aluminium system formwork; labour productivity; labour productivity factors; labour 
productivity norms; low cost housing projects. 

1. INTRODUCTION 

The construction industry plays a significant role in any developing country, promoting main human 
needs required in socio-economic development (Karim et al., 2012). Meanwhile, in order to fulfil that 
Tamet al. (2004) suggested that, advance technological improvements plays a vital role in achieving the 
speedy construction. Further, Durdyev and Mbachu (2011) pointed out that, in the industry level, the 
productivity enables the sector to maintain satisfied clients, attract investment, remain viable and 
contribute to the economic growth and well-being of the nation. Meanwhile,Cheetham and Lewis (2001) 
emphasized that, productivity can be increased by ensuring proper and efficient use resources such as, 
material, labour management expertise and capital. Among them labour productivity stands as a foremost 
measuring tool, since almost all the aspects of the construction industry are labour oriented (Mar, 1985). 
Furthermore, Moselhi and Khan, (2009) emphasized that, when focusing on formwork technology it has a 
direct impact on labour productivity. Additionally, Tam et al. (2004) declares that, formwork represents a 
significant part of the cost of concrete structure and following that concept, Urban Development 
Authority of Sri Lanka hasstarted urban regeneration projects in Colombo to eliminate shanties, slums 
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and other dilapidated. Accordingly, Aluminium System Formwork has become the ideal cost effective 
tool for the mega housing projects with intension of obtaining the higher reputation and higher 
productivity (Mivan Aluminium formwork, 2012). Ultimately, by considering different factors, it is 
essential to have realistic estimates of expected labour productivity to plan and carry out labour-based 
work effectively (Stiedl, 1998).Therefore AbouRizk and Dozzi (1993) stressed, labour norms are essential 
and act as a guideline for cost estimating and provide a logical and reliable consistent values which 
facilitate the planning and scheduling, resource planning, and risk assessment in the construction 
Therefore, the author further stressed that when determining a realistic norm productivity is very much 
critical . 

When Aluminium System Formwork is concerned, it is one of the most economical, new technological 
approach to maintain the site labour productivity, norms can be considered as an ideal yardstick to prove 
the effectiveness of the new system. Even though deficiency of researches have been done to establish 
particular standards or the norms to measure the labour productivity of the Aluminium System Formwork. 
Therefore a gap is found that, there was no standard to generate a clear idea about the actual and realistic 
measure of the site labour and their efficiency of using this system in the industry. Hence, the research 
problem has been identified as the necessity of appropriate norms for new formwork system related to Sri 
Lankan context, in providing the maximum out of this new technology and archiving a value for money 

2. LITERATURE SYNTHESIS 
In Sri Lanka, according to Samarathunge(2012), over $700 million worth of building construction is 
expected in next 5 years, driven by urban development and among them 40,000 low-income housing units 
project. Further, Ministry of Defence and Urban Development (2013) andSamaratunga, (2012) reported, 
government is targeting nearly 66000 housing units remarking the biggest relocation program for ever. 
CICRA Lanka (2011) and Wijesundara (n.d.) reported that, number of relocation of underserved 
settlement programs have been conducted by Urban Development Authority (UDA), to provide 
comfortable housing with relevant common amenities. Therefore, a great necessity has been arrived under 
the urban development plans in Sri Lanka to consider about the rehabilitation of low income populace in 
Colombo city and there, low cost housing projects plays a significant role within the economical scope of 
poor majority 

2.1. CONSTRUCTION LABOUR PRODUCTIVITY 

Wilcox et al, (2000, as cited in Enshassi, Mohamed et al.(2007) has successfully elaborated that, for any 
profit oriented organization improving productivity is a major apprehension with respect to effective and 
efficient conversion of resources into marketable products. Therefore the endeavour for defining, 
measuring and comparing the productivity has become a critical task.According to Chia et al. (2012), 
construction industry is an industry which depicts a core strategic importance due to its significant effect 
of level of productivity on national economic growth. Furthermore, CICRA Lanka (2011) supported as, in 
2010 Sri Lanka`s Gross Domestic Product (GDP) growth was 8% when compared to 3.5% in 2009 and 
among that figure higher construction activity resulted in 12% growth in domestic production of 
buildingmaterials. Therefore, above statistical data emphasized that the economic boom in Sri Lanka has 
been significantly powered by the construction industry while gaining similar advances in accelerating the 
productivity growth. In achieving the economic growth, Karunatilake (2009) and Kazaz and Ulubeyli 
(2007) have emphasized, human resource can be identified as a key strategic resource in ensuring 
improved productivity. With the intention of that significance, Nasiraet al.(2013) has figure out, the 
labour productivity as;Labour productivity = Actual work hours/Installed quantity.Therefore the 
labour productivity in the construction industry can be generalized as the physical progress achieved per 
unit of time period and the investigation about the factors in order to enjoy comparative advantages in 
international markets, which is domineering in a rapid changing nature in global environment. 

2.2. LABOUR PRODUCTIVITY NORMS 
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Meanwhile Vliet (2011), has introduced a mathematical equations for labour productivity norm (LPN) as, 
“Number of labour hours (workeffort) required to complete a defined construction activity, given the 
specific qualifications associated with each individual labour”.Moreover according to Nes (n.d.) and 
Bastraw (2015) the LPN can be considered under the category of the Key Performance Indicator (KPI) 
which is typically used to measure individual and group performance and it is the amount of output per 
the number of hours worked per day, week or month while creating a time frame on which to base the 
inputs of the measurement.Therefore, estimating the correct productivity of the labour is critical and 
International Labour Organisation, Advisory Support, Information Services, and Training (ASIST) 
(1998), it is beneficial in re-measurement, for easy rectification of the employees, leads to maintain the 
required labour force, undergone the best work practice, using correct tool having minimum disturbances 
and mainly as a benchmark to facilitate standardization and efficient evaluation. Association for the 
Advanced Cost Engineering (AACE) International Recommended Practice (2004) has recommended, 
some methods of estimating the labour productivity by work study or the work sampling method where 
the number of direct observations are possible. Therefore, by using an appropriate measurement 
technique, and building up the suitable norms would become the dynamic measure of labour productivity 
and it drives towards the economic growth and living standards. 

2.3. FACTORS AFFECTING LABOUR PRODUCTIVITY 

Meanwhile Doloi (2008), also was able to build up a strong relationship between labour productivity and 
its changes, as changes or the variations are essential in the construction industry to improve the labour 
productivity and to build up accurate norms. Further to author, a single factor cannot affect the status of 
productivity to be high or low, but set variables or factorssuch as management, design, economic, social- 
psychological,labour, material, technological, environmental, administrative and organisational related 
factors and etc.which are interacting each other generate the final result. Hence, the necessity has been 
occurred to conduct a critical evaluation of the factors affecting the productivity in analysing and 
developing critical evaluation standards. 

2.4. NECESSITY OF LABOUR PRODUCTIVITY FOR LOW COST HOUSING PROJECTS 

Mainly the variations of the labour productivity has ability to generate a greater impact on national 
economy (Jayaweera, 1997). Moreover, Olotuath (2002) emphasised labour productivity has become the 
underlying goal of low cost housing projects. Better productivity can increase affordability by improving 
the quality of building work, and by reducing residential construction costs. When referring to residential 
construction costs especially for low income, materials, labour, subcontracted work, and other costs such 
as overheads and profit margins are concerned and the usage of prefabrication or modular components 
has been suggested as an effective mechanism to uplift building productivity and then facilities the 
reduction of cost for the housing projects (Olotuath, 2002). According to, Ministry of Federal Affairs 
(n.d.) and Richard (2014), cost efficiency is achieved through prefabricated standardized materials and 
tools, as reusable metal formwork. Consequently, through number of urban renewal programs Sri Lanka 
is attempting to empower the labour productivity, moving from the conventional building materials 
especially with respect to formwork systems in order to make the concept of “low-cost housing” a reality. 

2.5. DIFFERENT TYPES OF FORMWORK SYSTEMS USED IN LOW COST HOUSING PROJECTS 

Innovation in the building system and the techniques are required, towards better productivity in low cost 
housing projects (Richard, 2014). According to Huanga and Chenb(2004), since Concrete formwork is a 
labour-intensive and time-consuming operation, to facilities productivity and cost effectiveness, many 
modular formwork systems have been developed. According to Tam, Tong, Lau, and Chan (2005), and 
Construction Industry South Australia (2012), selection of appropriate formwork system facilitates 
speedy construction, maintain the smooth flow, and on the other hand Suryakant (n.d) emphasized, 
delivering good quality, cost effective, durable structure and good speed is highly demanded in housing 
sector. Therefore Elbeltagiet al.(2011), Common formwork system (n.d.), and Lyngcoln (1991) highlight 
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that, suitable formwork system would dominate the success of the housing projects in terms of time, cost 
and quality. Meanwhile Rubaratuka (2013), Johnston (n.d.) and Smith and Hanna (1993) stressed that, the 
selection of formwork based on quality, safety, economy compatibility with architectural, structural and 
mechanical and maximum reusability is essentials.According to Formwork (n.d.), general classification 
based on materials such as timber, hardboard, steel aluminium, plywood used in low-cost housing 
projects in Sri Lanka depending on the required quality, cost and time. 

2.6. THE EFFECT OF LABOUR PRODUCTIVITY FACTORS ON FORMWORK SYSTEMS 

Baxi (2011) and Nemati (2007) describe that, cost of formwork is higher than the total cost of 
reinforcement and concrete material and labour and among formwork, greater portion of cost more 
towards labour. Further Smith and Hanna (1993), also proved that labour productivity has a higher 
influence on the formwork productivity and factors affecting the labour productivity have been used to 
examine their impact on formwork in Sri Lankan construction industry and it can be elaborated though 
table 1 that the co-relationship with the labour productivity factors and the formwork types, while 
highlighting the requirements to be fulfilled to enhance the labour productivity through a proper 
formwork system. 

Table 1: The effect of labour productivity factors on formwork in Sri Lankan Construction Industry 

Labour Productivity 
Factor 

Effect on Formwork Requirement for a good 
formwork system to enhance 

labour productivity 
Design factors  It increase or decrease the time required for 

fabrication, erection and dismantling the forms. 
Further dimensions of walls jointing pattern, 
length of wall, surface finish, floor height and 

       

Time Saving and good quality 
output 

Management factors 
and Project factors 

Site planning, construction process and site 
supervision and the interpretation ability of site 
supervisor for an effective communication with 
the labourers to reduce rework 

Well documented instructions 
thereby time and cost saving 

Buildability factors  Average slabpanelareawithinthefloor, 
variabilityofbeamsizes, repetitionoffloorlayouts, 
floorarea, beamtofloorratio, intersectionofbeams, 
percentageofcurvedbeams; and percentageof 
nonrectangularslabpanelsinfloors affects the 
buildability. Which resulting simplicity, 
uniformity,standardization,andrepetitionof 
elements on formwork labourproductivity 
system and this can also be depend upon the 
material selected 

Reusability, standardization and 
minimize repetition effect 
Faster and lower cost delivery of 
the product with the corporation 
of new technology 
 

Site conditions Storage facilities, accessibility of site, 
underground pipe line and adjacent buildings 
need to be considered since it highly affect the 
security and maintenance of the formwork. 

Lesser damage at site conditions, 
save space and time consuming 
for supporting, handling and 
maintenance 

Crew Factors Gang size labour percentage are more critical. 
Since depending on the number of skilled 
unskilled labourers and their age levels the time 
required for the construction may differ. 

Properly trained labours 

Weather conditions Temperature of the environment, humidity 
factor, wind speed and precipitation highly 
effects since depending on the material, those 
factors may affect the potential properties of the 
each formwork type  

Material which is highly steady in 
the change of different weather 
conditions 

 

Source: (Tam (2004); Smithand Hanna (1993); Nemati (2007); Jarka (2010); Jarkas (2012); Moselhi, and Khan 
(2010)) 
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2.7. SIGNIFICANCE OF THE ALUMINIUM SYSTEM FORMWORK IN THE SRI LANKAN LOW COST HOUSING 
PROJECTS COMPARED TO CONVENTIONAL FORMWORK SYSTEM 

Wijesekara and Gunathilaka (n.d.), thoroughly mentioned that, in terms of speed, quality and safety of the 
formwork system used, nearly 40% of the cost of structure, 60 % of time, success of the construction 
project can be determined. Huanga and Chenb (2004) also highlighted that, modular formwork systems 
have become the optimum solution to improve the productivity and the cost effectiveness. Further 
Sattigariet al. (2007), also pointed out that amongst various alternatives used at mass housing 
construction, Aluminium system formwork is in the highest position. Basically, according to Suryakant 
(n.d.), under the parameters of cost, time quality as well as quantity conventional and the Aluminium 
formwork system is compared firstly according to the table 2. 

 

Table 2: Compare and contrast the Aluminium System Formwork with the other conventional formwork system 

Requirement  Conventional 
(Timber and Plywood) 

Aluminium System Formwork 

Quality Normal- Sometimes good quality cannot 
be achieved when dismantling 

Superior- In – Situ casting of whole structure 
using controlled concrete mixers, places and 
compacted in leak proof 
mouldsusinghighfrequency vibrators 

Speed         of 
construction. 
(Time) 

Due to step by step completion of different 
stages  
Erection of formwork is done in the site as 
well as concreting and de-shuttering take a 
long cycle nearly two weeks and then only 
plasteringandother finishingactivities can 
commence 

In a one continuousoperation thewalls and floors 
arecast together and enableremoval andre-useof 
forms ondailycycle basis due to special inbuilt 
accelerated curingovernight  

External 
finishes.  

Finishing- Painted with cement based 
needs every in three years, since 
plastering needed to be done. 
 
 
 
 

Finishing- No need of frequent repainting. 
Textured  concrete      fascia      can      be 
provided 
 
 
 
 
 
 

Maintenance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The major expenditure is involved   due   
to; plaster of walls / ceiling etc., require 
repairs       and maintenance. Outer and 
inner walls painting Leakages occurred in 
plumbing         and sanitation installation. 
 

Concrete repairs for plastering and leakage’s are 
not  at  all  required due to the walls and ceiling 
being smooth and high quality 

Requirement 
of labour 

 
 

Extensive labour requirement  Less skill labour requirement, due to 
standardized and simple installation procedure.  

Installation 
Procedure 
and 
reusability  

Maximum 5 or 6 times, since the 
shuttering can get damaged when de-
shuttering.  

Facilitating less material wastage can be reused 
over and over within or between projects with 
more effectiveness and standardized and simple 
installation procedure 

Safety  Need remove props when dismantling 
slab panels   

Not necessary to remove props when dismantling 
slab panel 

 

Source: (Common formwork system (n.d.); Hanna (1999); Huanga andChenb (2004); Kumkang Kind Co.Ltd. 
(2011); Wijesekara andGunathilaka (n.d.); Rahim andHaron (2013)) 

Significance of system formwork is identified by Wijesekara and Gunathilaka (n.d.) as very much 
economical type of formwork used in high-rise buildings and in Sri Lankan context it is feasible to be 
used in low cost housing projects. Further Man (n.d.), clearly pointed out that the major highlighted 
difference in between Steel and Aluminium is, Aluminium is lightweight but the steel panels are heavy 
weight and when considering the cost, aluminium would be more economical and suitable to support the 
low cost housing concept, and specifically Aluminium system formwork has its own authority for high-
rise and typical apartment, housing construction. 

2.8. SIGNIFICANCE OF ALUMINIUM SYSTEM FORMWORK WITH RESPECT TO THE LABOUR PRODUCTIVITY 
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In obtaining labour productivity in low-cost housing projects, the uniqueness of the Aluminium system 
formwork is highlighted by Prasanth (n.d.) and has stressed that, urbanization, increasing housing demand 
cannot be fulfilled using conventional materials since, limited quality, slow process Ultimately Suryakant 
(n.d.) exaggerated that, Aluminium system formwork is advanced, fast, simple and adoptable for mass 
housing construction and provides a total quality work with planned complete methodology to enhance 
the labour productivity. Therefore, it is very much crucial to select the best choice of formwork which is 
compatible with the building structure with a more collaboration between all the stakeholders. Therefore, 
AACE International Recommended Practice (2004) suggested, measuring and tracking work hours for a 
particular working elements and building up norms allows to determine the root cause poor labour 
productivity. In the meantime, Gatti et al. (2013) found that Aluminium system formwork found 
somewhat unsuccessful in achieving the potential productivity advantage, due to lack planning in high 
rise construction. Even though, the literature vastly describes the above topic still remains two questions 
as “what is the actual importance of a norm with respect to the labour productivity analysis?” and “how to 
build up the labour productivity norms for the Aluminium System Formwork to analyse its 
productivity?”. The data collection and analysis should be done in order to find the answers to these 
problems. 

3. RESEARCH METHODOLOGY 

Tellis (1997) emphasised that, when a holistic and in-depth investigation is in needed, the case 
study is an ideal research approach under quantitative methodology. Therefore, in order to 
accomplish the aim of this research as to investigate the realistic measure for the labour productivity for 
Aluminium System Formwork used in low cost housing projects, sensitive observations of the human 
behaviour has been used under the case study approach.In casestudy design two main aspects were 
considered as identificationof unit ofanalysis and selection ofcases. The unit ofanalysis in this 
research is the labour productivity norms for the Aluminium system formwork and it was within the 
boundary of low-cost housing projects in Sri Lanka. Under the selection of cases, only the 4 available low 
cost housing projects having Aluminium System Formwork in Colombo were selected and the study was 
limited to the preparation of productivity norms only for the selected structural elements such as slabs, 
beams and columns, by conducting time studies. There the collected data under the direct observations by 
observing the time duration for labour work done in a selected area were analysedstatistically using the 
mean value of the numerical figures and eventually detailed cross case analysis is done in establishing  
the labour productivity norms. 

4. ANALYSIS AND RESEARCH FINDINGS 

Four low cost housing projects were selected in Colombo using Aluminium system formwork. Out of 
four, three projects have already finished the structural work and only one project is running at the later 
part of the structural work. Table 3 indicates the general information about the projects. Therefor due to 
the time restrictions and resource availability 

Table 3: Summary of the cases 

Description Case 1 Case 2 Case 3 Case 4 
Type Low cost housing projects/Urban Regeneration Projects in City of Colombo for underserved 

settlements 
Employer Government-Urban Development Authority 
Condition Work is on progress Nearly Completed Nearly Completed Nearly Completed 

ICTAD grading C1 C1 C1 C1 
For building works 

Duration 24 Months 24 Months 30 Months 24 Months 
Contract Price Rs. 2.18 Billion Rs. 1.36 Billion Rs. 2.89 Billion Rs. 915 Million 
Floors 12 12 12 12 
Work Status ASF on progress Aluminium system formwork have already been used  
Data collection Direct Observation-

Time Study 
Document Review 
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4.1. CONDUCTING DOCUMENT REVIEW AND DIRECT OBSERVATION 
 

At the time of the data collection, only one case was remaining with the ongoing superstructure to 
observe the procedure going on with Aluminium System Formwork. Therefor due to the time restrictions 
and resource availability it was decided to carry out the document review for three cases and direct 
observation for the remaining case which was the only case available in line with the requirement. There 
the document review was conducted using the site labour attendance documents and the measurement 
sheets available at site regarding the Aluminium System Formwork labour work done for a particular 
month.The observed date were entered to the observation sheet and then finalised in the checklist while 
keeping time allowances for performance rating and (Performance, Fatigue, Delay) PFD allowance. 
Thereafter, number of labours (Skilled and unskilled) in each task were multiplied by the total time 
allowed for the each task. After calculating the related areas to particular item, labour productivity norm 
was calculated. 
 

4.2. COMPARISON OF THE FINDINGS IN DOCUMENT REVIEW AND DIRECT OBSERVATIONS 
 

Under the time restrictions, document review had been done for the Case 2, Case 3 and Case 4 and for 
Case 1 the time studies have been done. Therefore, arrived labour productivity norms in both methods 
were compared and a remarkable deviation was highlighted since the results generated through the 
process of document review was considerably lesser than the labour productivity norms which were 
achieved through the direct observations.Therefore, the analysis of labour productivity norms in an 
advanced manner were emphasised as essential in the detailed analysis. 

4.3. DETAILED ANALYSIS OF THE TIME STUDY RESULTS BASED ON THE EFFECT OF LABOUR 
PRODUCTIVITY FACTOR 

In depth analysis was done for the varying effect labour productivity factor time studies. 
 

Weather condition 
In a fair weather condition, increment in the labour productivity can be observed. Whereas the mix of all 
weather conditions results vast deviations of labour efficiency. The impact of the weather conditions in  
transporting, erecting, dismantling, fasting jacks and aligning the elements, implied that heavy rains had 
not affect the tasks in a considerable manner. Whereas the average labour productivity norm had been 
increased gradually especially upper floors due to the impact of the wind speed. 

Crew factor 
Gang head`s involvement especially for the levelling, alignment and setting out activities and the proper 
labour mix, geared the labour efficiency in to a higher level. Experience and skills are critically important, 
for this systematic process and teamwork, cooperativeness is essential to follow the order properly 
whilesaving time and enhancing labour efficiency. 
 
 

Management and Project factors 
Supervision is needed in planning the site schedule and it is highlighted, that the less supervision for the 
activities is one of the major issues. Apart from that in planning some concurrent activities was impacted 
such as concreting activities. Further, the delays in proceeding activities such as reinforcement fixing, 
cleaning concreting and scaffolding work create a large effect. 
 
Site conditions 
In time study 3 and 4, labours were not used safety belts when transporting the panels due to the improper 
mechanism in ensuring the safety at site and lack of site supervision and delaying in scaffolding work. 
Moreover, the labour facilities and site security was in an averaged manner. Consequently, the analysis 
concluded that not only a single parameter or factor, but also a combine effect of the several parameters in 
different factors had contributed the considerable deviations in labour productivity norms. 
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4.4.  DETAILED ANALYSIS OF THE TIME STUDY RESULTS IN STRUCTURAL ELEMENT BASIS 

The in-depth study was done considering the structural elements such as columns, beams and slabs. 
Therefore, the results obtained through each time study based on structural elements illustrated in figure 
1. 
 

 

 
 

 

 

 

 

Figure 1: Element base LPN 

According to figure 3 a slight deviations among columns, beams and slabs was identified and it is clear 
that some hidden factors creating a deviation for norms arrived in each structural elements. Therefore, 
following factors identified as critical such as; initial setting out, effect of fixing points, need of supports 
or props, necessity for alignment, gang head`s involvement in alignment, effect from handling panels, 
effect of re-fixing, and arrangement of the element and it is notified that, depending on the columns 
alignment all the other structural elements stand. Therefore it is clear that a considerable effect can be 
identified through a an element base comparison which provides a strong evidence for the necessity of in 
depth analysis since some element base factors are unique compared to conventional formwork. 
Moreover the labour efficiency also based on the labour mix, time spent for each task, the ratio between 
areas observed for each element. Further, when productive work, non-productive work and supportive 
work inherited were measured, in each element the productive labour hours had been increased whereas 
in non-productive and supportive labour hours were divided in nearly same amounts while proving the 
need of supportive labour hours relating to the main tasks. Therefore, proper balance in the productive 
and non-productive labour hours critically resulted in labour efficiency. Ultimately, in different 
conditions the effect of labour productivity factors and differentiating effect of structural element on 
labour productivity norm had been identified as more critical. Whereas slight deviations need to be 
considered on the basis of the factors which make unique, the element among other elements and to have 
a realistic outcome for the labour performance both. 

4.5. PREPARATION OF LABOUR PRODUCTIVITY NORMS (LPN) 

Based on the analysis in each time study, labour productivity norms had been prepared for four different 
occasions, to provide a realistic outcome for the labour performance for the Aluminium system 
formwork  
 

• Step 1 - Each element generatethe different labour performances even within the situation where 
the same conditions were applied.  
 

• Step 2- Having considering the factors related to the each element labour mix and the ratio 
between the areas of each elements are considered maintaining the labour mix by 50 % in-
between skilled and unskilled with in each element create an average labour performance while 
correlating with the other factors identified in each element. 

 
• Step 3- Thereby, having considering the each element and there differencing characteristics, the 

varying effect of the labour productivity factors need to be considered in different occasions. 
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• Step 4- All these four occasions demonstrated, the changing sequence of the labour productivity 
factors and its impact to the labour productivity norm shown in table 4 and it must be notified 
that this significant change had been clearly identified in each occasion and thereby with a 
thorough analysis a realistic figures had been obtained. 
 

Table 4: Four different occasions identified 

STEP 4 Occasion 1 Occasion 2 Occasion 3 Occasion 4 
Characteristic • fair weather condition  

• good combination 
• supervision and 

corporation of the 
labours 

• average planning 
sequence better site 
supervision  

• average site conditions 
prevails such as site 
safety and securit 

• an average weather 
condition specially 
sunny day with 
cloudy sky,  
• average combination,  
• lesser corporation of 
the labours as a team,  
average planning 
sequence  
• site supervision exist , 
average site 
conditions including 
site safety and 
security 

• Poor weather 
conditions (sunny 
weather to heavy 
rains as a mix.  

• average crew factors 
poor gang head`s 
involvement.  

• Poor planning 
sequence 

•  Poor site conditions 
specially the safety 
factors. 

• poor weather 
condition (mix of all 
the effects) 

• having lesser 
experience and lack 
of team spirit,  

• poor site management 
and lack of site safety 
poor site condition 

STEP 4 Occasion 1 Occasion 2 Occasion 3 Occasion 4 
Element Column Beam Slab Column Beam Slab Column Beam Slab Column Beam Slab 
Avg. LPN 
(hr/m2) for 
occasion 

1.42 1.42 1.42 1,53 1,53 1,53 1.60 1.60 1.60 1.67 1.67 1.67 

Avg. LPN 
(hr/m2)element 

1.50 1.49 1.29 1.66 1.56 1.38 1.67 1.67 1.53 1.74 1.65 1.63 

% of deviation 5% 4% 10% 8% 2% 10% 4% 0% 4% 4% 2% 2% 
 

The table 4 clearly depicts that when the severity of the occasion is high the LPN arrived are high 
compared to the calm situations like in occasion 1 and 2.1.42 is the average LPN for the occasion 1 since 
it inheriting a better advantage where in any kind of a project can adopt with higher level of labour 
efficiency. Meanwhilethe LPN has been changed accordingly with the element indicating 1.50 for the 
columns and 1.29 for slabs depicting the different productivity levels which can be achieved in each 
element within the same occasion. Other than that when occasion 2 is considered it too contains the same 
characteristics but clearly shown the deviations which can be addressed due to the effect of Crew factors. 
Since the average figure has been taken as 1.53 compared tooccasion 1.Occasion 3 has been created 
addressing the shortcomings of the weather, management factors and accordingly 1.60 average figure can 
be obtained and as the finally occasion 4 is defined as  a situation where lesser amount of labour 
efficiency leading  the worse impact of the labour productivity factors and having a 1.67 average labour 
productivity. There it had been shown how the element wise figures changed accordingly based on the 
productivity levels of the element and the finds clearly adopt the percentage deviations between the 
figures of average labour productivity norm and the labour productivity norms for each element. Thereby 
the LPN can be taken in to practise where theelement wise deviation can be maintained with in the given 
percentage level from the average LPNs in different occasions. 

5. CONCLUSIONS 

In order to sustenance the concept of the low-cost housing projects, better labour productivity can be 
thoroughly taken in to consideration. Since the better productivity automatically enhanced the 
affordability, improve quality and save the time as well. Therefore, an appropriate formwork system was 
one of the ideal creature in facilitating the concept of low-cost housing and the impact of labour 
productivity factors such as weather conditions, design, buildability, site, management and project factors 
and crew factors were need to be considered. Specifically the direct relationship between labour 
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productivity factors and the productivity of the formwork enhance the importance of using formwork as a 
material to achieve the expectable productivity.  

 

Eventually, Aluminium system formwork is heavily used in Sri Lankan low-cost housing construction 
projects, due to its systematic and advanced procedurecompared to conventional formwork. Further, a 
positive effect towards labour productivity factors in Aluminium System Formwork and a considerable 
incensement in labour productivity were highly beneficial in achieving the objectives of parties in the 
contract. Therefore, Aluminium system formwork had been accepted by the Sri Lankan construction 
industry as the easiest and most suitable advanced method in obtaining the best of labour 
productivityThereby, the introduction of a proper labour productivity norm under the elemental basis in a 
position of addressing the incensement of the labour productivity, facilitating the project planning and 
management, standardization and efficient evaluation generated a clear picture for the construction 
practitioners regarding the labour productivity while investigating the in-depth analysis of the 
characteristics of each element. 
 
When building up labour productivity norms, it indicate the differences in each elements while 
considering the fluctuating effect of the labour proactivity factors. Further the labour productivity norms 
for Aluminium system formwork was targeting at the planning stage of the construction activates and also 
in estimating procedures for all the parties interested. Here, in element wise consideration and critical 
analysis of the labour productivity factorsin different occasions elaborated that varying effect of the LPN 
in each occasion and each element is mainly due to the factors differentiating each structural element such 
as initial setting out, effect of fixing points need of supports or props, necessity of alignment, arrangement 
of the element and etc. Furthermore when building up mores to measure the labour productivity labour 
mix and the ratio between the areas covered under each element need to the thoroughlyconsidered. 
Thereafter occasional deviation can be highlighted due to the varying effect of the labour productivity 
factors, such as weather conditions, crew factors, management and project factors and site conditions due 
to unforeseeable circumstances since the slight can of those can provide the ultimate outcome totally 
deviated from each otherThereby a realistic measure, can be obtained for the construction labour 
performance for Aluminium system formwork to facilities the concept of time cost and quality product 
while embossing the low cost housing concept as another beneficial pathway for its stakeholders, when 
adopting the advanced nature of the technological outcomes. 

6. REFERENCES 

AACE International Recommended Practice, 2004, January. Estimating lost labour productivity in construction 
claims (Publication No. 25R-03). Available from:http://www.aacei.org/non/rps/25r-03.pdf[Accessed 17 
April 2014]. 

AbouRizk, S. M. and Dozzi, S. P., 1993. Productivity in construction. National Research Council. Available 
from:http://www.nrc-cnrc.gc.ca/irc[Accessed 17 April 2014]. 

Baxi, C. K., 2011. Formwork - a concrete quality tool. 36th Conference on our World in Concrete & Structures: 14 - 
16 August 2011, Singapore. doi:100036029 

Cheetham, D.W. andLewis, J., 2001. Productivity, buildability and constructability: is work study the missing link?. 
17th Annual ARCOM Conference. 5-7 September 2001.University of Salford. Association of Researchers in 
Construction.Available from:http://www.arcom.ac.uk/-docs/proceedings/ar2001-271-
280_Cheetham_and_Lewis.pdf [Accessed 25 April 2014]. 

Chia, F. C., Skitmore, M., Runeson, G. and Bridge, A., 2012. An analysis of construction productivity in Malaysia. 
Construction Management and Economics, 30(12), 1055-1069. doi:10.1080/01446193.2012.711910 

CICRA Lanka and ICRA Management Consulting Services Limited, 2011. Construction 9/1/2011. Available 
from:http://www.icralanka.com/Sri%20Lanka%20Construction%20-%20Sept%2015%20final.pdf[Accessed 
20 February 2014]. 

10 

 

http://www.aacei.org/non/rps/25r-03.pdf
http://www.nrc-cnrc.gc.ca/irc
http://www.arcom.ac.uk/-docs/proceedings/ar2001-271-280_Cheetham_and_Lewis.pdf
http://www.arcom.ac.uk/-docs/proceedings/ar2001-271-280_Cheetham_and_Lewis.pdf
http://www.icralanka.com/Sri%20Lanka%20Construction%20-%20Sept%2015%20final.pdf


 
 

Common formwork Sysytem, n.d. Available from: 
http://www6.cityu.edu.hk/construction_archive/major_reference_pdf.aspx?id=124[Accessed 12 March 
2014]. 

Construction Industry South Australia, 2012. Industry guide for formwork. Available 
from:http://www.safework.sa.gov.au/contentPages/docs/formwork_guide.pdf[Accessed 23 March 2014]. 

Doloi, H., 2008. Measuring productivity in the construction industry. Construction Management and Economics, 
26(8), 841-854. doi:10.1080/09613210600590041 

Durdyev, S. and Machu, J., 2011. On-site labour productivity of New Zealand construction industry: Key constraint. 
Australasian Journal of Construction Economics and Building, 11(3), 18-33. Available 
from:http://epress.lib.uts.edu.au/journals/index.php/AJCEB/article/viewFile/2120/2501[Accessed 20 March 
2014]. 

Elbeltagi, E., Hosny, O. A, Elhakeem, A., Abd-Elrazek, M. E. and Abdullah, A., 2011. Selection of slab formwork 
system using fuzzy logic. Construction Management and Economics, 29, 659-670. doi: 
10.1080/01446193.2011.590144 

Enshassi, A., Mohamed, S., Mustafa, Z.A. and Mayer, P.E., 2007.Projects in the Gaza strip. Journal of Civil 
Engineering and Management, 8(4), 245-254. doi.org/10.1080/13923730.2007.9636444. 

Formwork, n.d.Guide to concrete construction 15.1-15.15. Available 
from:http://www.ccanz.org.nz/files/documents/20f91a78-0489-40f8-911d-
b36c66c9f085/Chapter%2015%20-%20Formwork.pdf[Accessed 19 March 2014]. 

Gatti, U. C., Migliaccio, G. C., Bogus, S. M. and Schnei, S., 2013. An exploratory study of the relationship between 
construction workforce physical strain and task level productivity. Construction Management and 
Economics. doi:10.1080/01446193.2013.831463 

Hanna, A. S., 1999. Concrete formwork systems (Report No.2). Madison, Wisconsin: University of Wisconsin- 
Madison, Civil and environmental engineering series. Available from:http://www.dekker.com[Accessed 02 
April 2014]. 

Huanga, R. and Chenb, J., 2004. Planning gang formwork operations for building construction using simulations. 
Automation in Construction, 13, 765-779. doi:10.1016/j.autcon.2004.05.001 

International Labour Organisation, Advisory Support, Information Services, and Training (ASIST), 1998. 
Productivity norms for labour-based construction (Technical Brief No. 3). Available 
from:http://www.ilo.org/public/english/employment/recon/eiip/download/prod_norms.pdf[Accessed 17 
March 2014]. 

Jarkas, A. M., 2010. Buildability factors affecting formwork labour productivity of building floors productivity of 
building floors. Can. J. Civ. Eng., 37, 1383-1394. doi:10.1139/L10-063 

Jarkas, A. M., 2012. Factors influencing power-trowelling productivity of concrete surface floors. Journal of 
Engineering, Design and Technology, 10(1), 34-51. doi:10.1108/17260531211211872 

Jayaweera, K. I. P., 1997. A factor model for macro level productivity in Sri Lanka (Unpublished bachelor`s 
dissertation). University of Moratuwa, Moratuwa, Sri Lanka. 

Johnston, D. W., n.d. Design and construction of concrete formwork. Concrete construction engineering handbook 
(pp. 7.41-7.51. Available 
from:http://ebooks.narotama.ac.id/files/Concrete%20Construction%20Engineering%20(2nd%20Edition)/Ch
apter%207%20%20%20Design%20and%20Construction%20of%20Concrete%20Formwork.pdf[Accessed 
26 February 2014]. 

Karim, N. A., Hassan, S., Yunus J., andHashim J., 2012. Factors influence labour productivity and the impacts on 
construction industry. Caspian Journal of Applied Sciences Research, 349-354. Available 
from:http://www.cjasr.com/images/manuscripts/2013/03/AICCE12GIZ12/48[Accessed 05 May 2014]. 

11 

 

http://www.safework.sa.gov.au/contentPages/docs/formwork_guide.pdf
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/09613210600590041
http://epress.lib.uts.edu.au/journals/index.php/AJCEB/article/viewFile/2120/2501
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/01446193.2011.590144
http://www.ccanz.org.nz/files/documents/20f91a78-0489-40f8-911d-b36c66c9f085/Chapter%2015%20-%20Formwork.pdf
http://www.ccanz.org.nz/files/documents/20f91a78-0489-40f8-911d-b36c66c9f085/Chapter%2015%20-%20Formwork.pdf
http://www.dekker.com/
http://www.ilo.org/public/english/employment/recon/eiip/download/prod_norms.pdf
http://dx.doi.org/10.1108/17260531211211872
http://ebooks.narotama.ac.id/files/Concrete%20Construction%20Engineering%20(2nd%20Edition)/Chapter%207%20%20%20Design%20and%20Construction%20of%20Concrete%20Formwork.pdf
http://ebooks.narotama.ac.id/files/Concrete%20Construction%20Engineering%20(2nd%20Edition)/Chapter%207%20%20%20Design%20and%20Construction%20of%20Concrete%20Formwork.pdf
http://www.cjasr.com/images/manuscripts/2013/03/AICCE12GIZ12/48


 
 

Karunatilake, C. P. A., 2009, July. Trends in labour markets and future challenges. The experience of Sri Lanka. 
Centre for banking studies central bank of Sri Lanka Rajagiriya. Available 
from:https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CE
AQFjAE&url=http%3A%2F%2Fwww.cbsl.gov.lk%2Fpics_n_docs%2F02_prs%2F_docs%2Flecture%2Fpu
blec_20061019.doc&ei=ypQqU6fMI8mrrAfe2oHQAQ&usg=AFQjCNFK590IzNdQaWPKPLjoDGrZFhSx
mw&sig2=PcBO1q7AjvY9aXpPj9_pBg&bvm=bv.62922401,d.bmk[Accessed 02 May 2014]. 

Kazaz, A. andUlubeyli, S., 2007. Drivers of productivity among construction workers: A study in a developing 
country. Building and Environment, 42(5), 2132-2140. doi:10.1016/j.buildenv.2006.04.020 

Kumkang Kind Co. Ltd., 2011. Kumkang kind aluminium formwork system. Available 
from:http://www.gokulconstruction.com/wp-content/uploads/2011/09/Kumkang-Kinds-Aluminium-
Formwork.pdf[Accessed 15 March 2014]. 

Lyngcoln, K. J., 1991. Plywood in concrete formwork. Available 
from:http://www.ewp.asn.au/library/downloads/ewpaa_plywood_in_concrete_formwork.pdf[Accessed 02 
March 2014]. 

Man, R. W. W., n.d.Application of formwork for high-rise and complex building structures: [Lecture notes]. City 
University of Hong Kong, Division of Building Science and Technology, Hong Kong. Available 
from:https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCs
QFjAA&url=http%3A%2F%2Fbst1.cityu.edu.hk%2Fe-
learning%2Fbuilding_info_pack%2Fcontech%2Fformwork%2FFormwork-
HK%2520application.pdf&ei=rbN8U4_kMNeLuATVx4KQBA&usg=AFQjCNFG9BPcDhqYKdUtDzEyj
NQ7lJR7IQ&sig2=JMcEaM8wpCk2HCsyobcrrw&bvm=bv.67229260,d.c2E[Accessed 03 March 2014]. 

Mar, D., 1985. Operation and industrial management-designing and managing for productivity. New York, NY: 
McGraw-Hill book company. 

Ministry of Defence and Urban Development - Democratic Socialist Republic of Sri Lanka, 2013. Colombo low 
income housing projects nearing completion. Available 
from:http://www.defence.lk/new.asp?fname=Colombo_low_income_housing_projects_nearing_completion
_20130828_04[Accessed 12 April 2014]. 

Ministry of Federal Affairs, n.d.Low-cost housing technical manual. Available 
from:http://cd3wd.com/data/1003_core_vet_vocat_/_co_lowcost_housing_manual_72pps_h4258e_en_1252
70_.pdf[Accessed 11 April 2014]. 

Mivan (Alluminium formwork), 2012, February. Construction updates [online].Available 
from:http://constructionduniya.blogspot.com/2012/02/mivan-aluminium-formwork.html[Accessed 11 April 
2014]. 

Moselhi, O. and Khan, Z., 2010. Analysis of labour productivity of formwork operations in building construction. 
Construction Innovation, 10(3), 286-303. doi: 10.1108/14714171011060088 

Nasira, H., Ahmeda, H., Haasa, C. and Goodrum, P.M., 2013. Differences between Canada and the United States. 
Construction Management and Economics. Available from: 
http://dx.doi.org/10.1080/01446193.2013.848995[Accessed 11 April 2014]. 

Nemati, K. M., 2007. Formwork for concrete (1-35). Washington, USA: University of Washington, Department of 
Construction Management. Available from:http://courses.washington.edu/cm420/Lesson1.pdf[Accessed 15 
April 2014]. 

 

Nes, H.V., 2015. Performance Improvement from Measurement to Action Key Performance Indicators and 
Key Exception Indicators [online]. Available from: http://www.consider.biz/wp-

12 

 

https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CEAQFjAE&url=http%3A%2F%2Fwww.cbsl.gov.lk%2Fpics_n_docs%2F02_prs%2F_docs%2Flecture%2Fpublec_20061019.doc&ei=ypQqU6fMI8mrrAfe2oHQAQ&usg=AFQjCNFK590IzNdQaWPKPLjoDGrZFhSxmw&sig2=PcBO1q7AjvY9aXpPj9_pBg&bvm=bv.62922401,d.bmk
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CEAQFjAE&url=http%3A%2F%2Fwww.cbsl.gov.lk%2Fpics_n_docs%2F02_prs%2F_docs%2Flecture%2Fpublec_20061019.doc&ei=ypQqU6fMI8mrrAfe2oHQAQ&usg=AFQjCNFK590IzNdQaWPKPLjoDGrZFhSxmw&sig2=PcBO1q7AjvY9aXpPj9_pBg&bvm=bv.62922401,d.bmk
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CEAQFjAE&url=http%3A%2F%2Fwww.cbsl.gov.lk%2Fpics_n_docs%2F02_prs%2F_docs%2Flecture%2Fpublec_20061019.doc&ei=ypQqU6fMI8mrrAfe2oHQAQ&usg=AFQjCNFK590IzNdQaWPKPLjoDGrZFhSxmw&sig2=PcBO1q7AjvY9aXpPj9_pBg&bvm=bv.62922401,d.bmk
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CEAQFjAE&url=http%3A%2F%2Fwww.cbsl.gov.lk%2Fpics_n_docs%2F02_prs%2F_docs%2Flecture%2Fpublec_20061019.doc&ei=ypQqU6fMI8mrrAfe2oHQAQ&usg=AFQjCNFK590IzNdQaWPKPLjoDGrZFhSxmw&sig2=PcBO1q7AjvY9aXpPj9_pBg&bvm=bv.62922401,d.bmk
http://www.gokulconstruction.com/wp-content/uploads/2011/09/Kumkang-Kinds-Aluminium-Formwork.pdf
http://www.gokulconstruction.com/wp-content/uploads/2011/09/Kumkang-Kinds-Aluminium-Formwork.pdf
http://www.ewp.asn.au/library/downloads/ewpaa_plywood_in_concrete_formwork.pdf
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCsQFjAA&url=http%3A%2F%2Fbst1.cityu.edu.hk%2Fe-learning%2Fbuilding_info_pack%2Fcontech%2Fformwork%2FFormwork-HK%2520application.pdf&ei=rbN8U4_kMNeLuATVx4KQBA&usg=AFQjCNFG9BPcDhqYKdUtDzEyjNQ7lJR7IQ&sig2=JMcEaM8wpCk2HCsyobcrrw&bvm=bv.67229260,d.c2E
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCsQFjAA&url=http%3A%2F%2Fbst1.cityu.edu.hk%2Fe-learning%2Fbuilding_info_pack%2Fcontech%2Fformwork%2FFormwork-HK%2520application.pdf&ei=rbN8U4_kMNeLuATVx4KQBA&usg=AFQjCNFG9BPcDhqYKdUtDzEyjNQ7lJR7IQ&sig2=JMcEaM8wpCk2HCsyobcrrw&bvm=bv.67229260,d.c2E
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCsQFjAA&url=http%3A%2F%2Fbst1.cityu.edu.hk%2Fe-learning%2Fbuilding_info_pack%2Fcontech%2Fformwork%2FFormwork-HK%2520application.pdf&ei=rbN8U4_kMNeLuATVx4KQBA&usg=AFQjCNFG9BPcDhqYKdUtDzEyjNQ7lJR7IQ&sig2=JMcEaM8wpCk2HCsyobcrrw&bvm=bv.67229260,d.c2E
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCsQFjAA&url=http%3A%2F%2Fbst1.cityu.edu.hk%2Fe-learning%2Fbuilding_info_pack%2Fcontech%2Fformwork%2FFormwork-HK%2520application.pdf&ei=rbN8U4_kMNeLuATVx4KQBA&usg=AFQjCNFG9BPcDhqYKdUtDzEyjNQ7lJR7IQ&sig2=JMcEaM8wpCk2HCsyobcrrw&bvm=bv.67229260,d.c2E
https://www.google.lk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCsQFjAA&url=http%3A%2F%2Fbst1.cityu.edu.hk%2Fe-learning%2Fbuilding_info_pack%2Fcontech%2Fformwork%2FFormwork-HK%2520application.pdf&ei=rbN8U4_kMNeLuATVx4KQBA&usg=AFQjCNFG9BPcDhqYKdUtDzEyjNQ7lJR7IQ&sig2=JMcEaM8wpCk2HCsyobcrrw&bvm=bv.67229260,d.c2E
http://www.defence.lk/new.asp?fname=Colombo_low_income_housing_projects_nearing_completion_20130828_04
http://www.defence.lk/new.asp?fname=Colombo_low_income_housing_projects_nearing_completion_20130828_04
http://cd3wd.com/data/1003_core_vet_vocat_/_co_lowcost_housing_manual_72pps_h4258e_en_125270_.pdf
http://cd3wd.com/data/1003_core_vet_vocat_/_co_lowcost_housing_manual_72pps_h4258e_en_125270_.pdf
http://constructionduniya.blogspot.com/2012/02/mivan-aluminium-formwork.html
http://dx.doi.org/10.1108/14714171011060088
http://dx.doi.org/10.1080/01446193.2013.848995
http://courses.washington.edu/cm420/Lesson1.pdf


 
 

content/uploads/2013/09/Performance-Improvement-from-Measurement-to-Action-KPIs-
KEIs.pdf[Accessed 15 January 2015]. 

Olotuah, A. O., 2000. Recourse to earth for low-cost housing in Nigeria. Building and Environment, 37(2002), 123-
129. doi:10.1016/S0360-1323(00)00081-0 

Prasanth S., n.d.Aluminium form work system. Grand Edifice Developers. Available 
from:http://files.hostgator.co.in/hostgator181958/file/aluminiumformworksystemintro.pdf[Accessed 08 May 
2014]. 

Rahim, M. S. M. and Haron, N. A., 2013. Construction cost comparison between conventional and formwork 
system for condominium project. IJASCSE International Journal of Computer Science & Engineering, 2(5). 
Available 
from:http://www.academia.edu/5485079/Construction_Cost_Comparison_Between_Conventional_and_For
mwork_System_for_Condominium_Project[Accessed 11 April 2014]. 

Richard, R., 2014. Looking for an optimal urban residential building system?.International Journal of Construction 
Management. doi:10.1080/15623599.2005.10773077  

Rubaratuka, I. A., 2013. Influence of formwork materials on the surface quality of reinforced concrete structures. 
International Journal of Engineering and Applied Sciences, 4(5), 31-34. Available from:http://eaas-
journal.org/survey/userfiles/files/v4i504%20Construction%20Engineering(1).pdf[Accessed 02 April 2014]. 

Samaratunga, T., 2012, March 18. Appropriate housing solutions for low income groups in Colombo city. The 
Sundy Times. Available from:http://www.sundaytimes.lk/120318/BusinessTimes/bt41.html[Accessed 04 
April 2014]. 

Sattigari, N. R.  Mahalingam, A. and Thomas, G., 2007. Automation of scheme preparation and boq calculation for 
L&T-aluform. 24th International Synposium on Automation & Robotics in Construction (ISARC 2007) 
Construction Automation Group, I.I.T. Madras, 274-280. Available 
from:http://www.iaarc.org/publications/fulltext/isarc2007-3.1_1_016.pdf[Accessed 10 April 2014]. 

Smith, G. R. and Hanna, A. S., 1993. Factors influencing formwork productivity. Can. J. Civ. Eng., 20, 144-153. 
doi:10.1139/l93-015 

Stiedl, D., 1998. Productivity Norms for labour-based construction. Institutional labour organizations Zimbabwe: 
ASIST technical team in Harare. Available 
from:http://www.ilo.org/public/english/employment/recon/eiip/download/prod_norms.pdf[Accessed 12 
March 2014]. 

Suryakant, P. D., n.d.Emerging trends in formwork - cost analysis & effectiveness of Mivan formwork over the 
conventional formwork. IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE), 27-30. 
Available from:www.iosrjournals.org[Accessed 08 April 2014]. 

Tam, C. M., 2004. Selection of vertical formwork system by probabilistic neural networks models. Construction 
Management and Economics, 23, 245–254. Available from: 
http://www.tandfonline.com/doi/abs/10.1080/0144619042000205912[Accessed 04 April 2014]. 

Tam, C. M., Tong, T. K. L., Lau, T. C. T., and Chan, K. K., 2005. Selection of vertical formwork system by 
probabilistic neural networks models. Construction Management and Economics, 23(3), 245-254. 
doi:10.1080/0144619042000205912 

Tellis, W., 1997. Application of a case study methodology. The qualitative report (Report No. 3). Available 
from:http://www.nova.edu/ssss/QR/QR3-3/tellis2.html[Accessed 11 April 2014]. 

Vliet, M. S. J., 2011. DACE labor productivity norms - The new “gulf coast” ?. In Proceeding of 2011 AACE 
International Transactions. Available from:http://www.costandvalue.org/download/?id=2050[Accessed 17 
April 2014]. 

13 

 

http://files.hostgator.co.in/hostgator181958/file/aluminiumformworksystemintro.pdf
http://www.academia.edu/5485079/Construction_Cost_Comparison_Between_Conventional_and_Formwork_System_for_Condominium_Project
http://www.academia.edu/5485079/Construction_Cost_Comparison_Between_Conventional_and_Formwork_System_for_Condominium_Project
http://eaas-journal.org/survey/userfiles/files/v4i504%20Construction%20Engineering(1).pdf
http://eaas-journal.org/survey/userfiles/files/v4i504%20Construction%20Engineering(1).pdf
http://www.sundaytimes.lk/120318/BusinessTimes/bt41.html
http://www.iaarc.org/publications/fulltext/isarc2007-3.1_1_016.pdf
http://www.ilo.org/public/english/employment/recon/eiip/download/prod_norms.pdf
http://www.iosrjournals.org/
http://www.tandfonline.com/doi/abs/10.1080/0144619042000205912
http://www.nova.edu/ssss/QR/QR3-3/tellis2.html
http://www.costandvalue.org/download/?id=2050


 
 

Wijesekare, D.M. and Gunathilaka, W.D.A.D., n.d.Cost Effective and Speedy Construction for High-Rise Buildings 
Using System Formworks. Available from: http://www.civil.mrt.ac.lk/conference/ICSBE2012/SBE-12-
242.pdf[Accessed 12 April 2014]. 

 
Wijesundara, J., n.d.Towards planned urban renewal: comparative approaches in Germany and Sri Lanka. SLiA 

Journal, 103(4), 19-25. Available from:http://dl.nsf.ac.lk/bitstream/1/8537/2/SLA-103(4)-19.pdf[Accessed 
08 April 2014]. 

14 

 

http://dl.nsf.ac.lk/bitstream/1/8537/2/SLA-103(4)-19.pdf

