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ABSTRACT 

Construction workers are the basic unit of the construction industry. The behaviour of 

construction workers is considered variable, which impacts on worker productivity. Therefore, 

obtaining the highest levels of performance is crucial to be competitive in the construction 

industry. The scarcity of skilled workers, increase of many high-rise building projects and 

changes in the economic and political conditions aggravated the need of seeking strategies to 

improve the performances of construction workers.  

In the construction industry, contractors attempt to improve the workers’ productivity with the 

aim of profit. Few frameworks which are connected were developed using different kind of 

research techniques. Firstly the existing productivity measurement techniques were 

thoroughly studied.   

Furthermore frequent and critical errors and reworks in the building construction, causesof 

delay, factors affecting sub-contractor performance were identified and studied. In this study, 

the main focus is to setup relevant assessment frameworks to assess the productivity of Sri 

Lankan construction sites. To have a complete productivity assessment, a new framework was 

put forward considering an Initial and Detailed Assessment.  

The initial assessment was developed to get a relative measure of productivity according to 

the external conditions other than labour and management. As the first step, critical factors 

that affect productivity were identified. Then, a few surveys were carried out to categorize and 

weight the factors. Detailed Assessment will be fulfilled on the basis with Activity Analysis 

to investigate root causes and improvements for the poor performance. It will mainly focus on 

sub-contractor performance on progress, direct work percentage and. worker performance 

benchmarking. 

Further errors and rework reduction framework and sub-contractor assessment framework was 

connected to detailed assessment. Developed sub-contractor assessment is mainly a factor 

based assessment. It is reinforced with onsite data to cross check the performance and 

assessment value. Activity analysis results, crew wise errors and rework amount, attendance 

records and other available management records in different divisions in the site are connected 

to the sub-contractor assessment process 

Analyzing the nature, frequent areas, and trends was identified as a key to minimize the 

repetitive errors. In a large construction site mainly high rise building construction projects 

most of the towers are having typical floors. In the framework which is a major part in detailed 

assessment, possible errors and reworks were identified under three main stages structural, 

masonry and finishing.  

Finally, the developed frameworks are incorporated into a template which can easily be 

plugged into a web tool. An initial version of the web-tool (“Enhancer”- enhancer.lk) was 

developed. The “Enhancer” tool can analyse the performance using a set of developer 

productivity tools. The tool can suggest best practices according to the inserted data and 

information. Furthermore, it can work as a helping hand for productivity improvement. 

The developed productivity improvement framework was implemented in a building 

construction project in Sri Lanka, and it was able to contribute to the productivity improvement 

process. Additionally, six presentations and knowledge and research finding sharing sessions 

were successfully carried out and received very good feedback from the experts who were in 

the audience.  

 

Keywords: Productivity, Sri Lankan, Construction, Productivity, Workers, Activity Analysis, 

Sub-contractors, Performance improvement 
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1 INTRODUCTION 

1.1 Overview of Construction Productivity 

Productivity is a crucial factor when it comes to the construction industry. The methods 

of improving productivity have been discussed from time to time by researchers. 

Having detailed knowledge and thorough understanding is important to improve 

productivity.  

 The factors which affect the productivity 

 The gaps and drawbacks which affects productivity in the current construction 

industry 

 The research methods, practical methods and frameworks of productivity 

measurements 

Firstly, gains in productivity means corporations will increase wages while not 

increasing costs that successively makes more cash accessible for everyday 

disbursement [1].  

 Productivity is a major indicator to realize benefits on price and quality over 

its competitors [2] [3]. 

 The term productivity is commonly defined and measured in financial units per 

inputs as in several cases it looks to be solely sensible method [4]. 

As a whole through productivity improvement, the following can be achieved, 

 Improve the competitiveness 

 Increase in profit 

 Enhance the satisfaction of workers, staff, and management 

 

Performance is the alternative conception that productivity is commonly confused. 

Although productivity may be a four-dimensional term, it is still a reasonably specific 

conception associated with physical phenomena in production. Performance, on the 

other hand, is a broader conception covering overall economic and operational aspects. 

“The Triple P Model” within Figure 1.1 explains the ideas of productivity; however, 

gain and performance are associated with one another. [3]. 
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Figure 1.1: The triple P- model  

In the modern world, the construction industry is more concerned with productivity. 

With the industrial revolution, people depended more towards industries, and they 

found and inventing new technologies by utilizing resources as desired. But current 

situation is different. Everyone is seeking methods to maximize the number of 

products with a minimum amount of utilization. This is the real picture of productivity 

where the industry found it difficult to come up with an accepted definition [5]. But at 

present every industry is more concerned towards achieving the best productivity and 

the industry will be investing more to gain that since that will be more profitable than 

operating with low productivity. 

Just like any other business environment, construction industry is highly competitive 

[6]. Therefore, to achieve higher productivity levels, each company is competing to 

win over the projects to complete them as soon as possible without the interference of 

the external factors such as weather, finance ability, and political conditions etc. Thus, 

to avoid the factors which could affect the productivity of activity, these industries 

follow different quality control practices. As a result, theoretically productivity should 

be improved [6]. 
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1.2 Current Challenges of Construction Industry in Sri Lanka 

In Sri Lankan construction industry, the situation is very different when 

compared with the industry in other countries. Even though there a fair 

improvement in technology and management could be witnessed in Sri Lankan 

construction industry during the last decade. However, Sri Lanka has a long way 

to go to achieve more for the growth of the industry [7]. Thus, it is now in a 

position where the contribution to the GDP is about 6% - 7%, and it is the 4th 

largest sector in the economy of the country [8]. During the recent times Sri 

Lankan construction industry is on an upward trend, and the end of the island’s 

ethnic war in 2009 has revived the economic activity and resulted in a projects 

boom [8]. 

The main deficiency the industry suffers nowadays is labour power. It affects 

the industry in two major ways. First one is the scarcity of labour and the other 

is higher amount of cost for their wages. Besides that, the problems that the 

industry suffers other than these are a higher cost of materials, lack of funds and 

changes in regulations [8]. Commonly the global figure for labour cost can be 

varied within 30% to 50% of total project cost [9]. But according to industry 

practitioners in Sri Lanka, it is around 25%. Since labour is the responsible 

stakeholder, which controls the success and the profitability of a constructor all 

the time, the industry is targeting to maximize the productivity of labour inputs 

[10]. 

 

1.2.1 Threats to Sri Lankan Construction Industry 

At present the labour market in the Sri Lankan construction industry has 

undergone many changes. There are different variations in the labour market 

such as directly employed labour from the organization itself and there are 

labourers who have been working under the sub-contractors. These labourers 

are mostly local residents, and there is a new trend of hiring labours from foreign 

countries as well. Most of the foreign labourers are from China, India and 

Bangladesh. But the wages of such labourers will vary with the ability of their 

work and the level of productivity. However, the workers from outside will grow 

faster if the local labour market does not perform well. Other than that, due to 
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reasons like new methodologies with those foreign labourers, level of skills they 

have and level of productivity will directly affect the growth of the foreign 

market [11]. Therefore, if this trend succeeds, the construction industry will 

have some economic benefits such that they would be able to hire these foreign 

labourers for minimum wages while maintaining good productivity [12]. 

The exposure of labour market to foreign employees will cause positive social 

and economic impacts to the industry like introduction of new methodologies 

and a higher level of skills, a higher level of productivity (considering both the 

time and cost saving). 

Spread of foreign labour can cause negative economic impacts like 

expensiveness of labour and related additional costs (wages, accommodation, 

travel, etc.), social impacts, and degradation of local labor market. 

Social impacts can be an issue with different cultures, behaviours and health and 

safety problems. Furthermore, foreign labours affect the Sri Lankan economy 

can be draining off the country’s income and collapse of the local construction 

labour market.  

Though the Chinese labour is obtained as a new trend in the market one labour 

will charge comparatively a higher wage than the wage provided for local 

labourers. Also, they have to be provided with other facilities like transport, 

accommodation, travel tickets, etc. which is a huge cost. But the industry is 

willing to accept those costs since their work is much productive than hiring 

local labourers and this is affected as a future saving during the time which will 

be a profit latterly. 
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1.3 Research Aims 

The ultimate objective of this study is to develop an “Overall workers’ productivity 

improvement framework” which will be a practical and sustainable solution for 

improving productivity. Set of tools have been developed to cover the developed 

framework and make it a sustainable and practical solution. 

 Identify the current workers’ behaviour in building construction. 

Investigating workers’ time distribution in  Direct work, Preparatory work, 

Tools and Equipment, Material Handling, Waiting, Travel, Personal  

 To perform a comprehensive review of existing worker productivity 

improvement models 

 Identify measurable parameters for productivity  

 Develop a simple data collection method which is suitable for measure and 

improve the productivity 

 Identify root causes and provide recommendations to improve the 

productivity 

 Develop an overall productivity improvement tool which can be applied in the 

construction industry in developing countries 

 Integrate the developed productivity assessment frameworks into “Enhancer” 

web tool (enhancer.lk) 

 Investigate the applicability of the developed framework to the industry 
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1.4 Overview of the Thesis 

 

Figure 1.2: Overview of the thesis 
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1.5 Summary of Research Findings  

On-site labour is one of the important that contributes to the performance of a 

construction project [5]. To improve the productivity of workers,’ it is needed 

to measure productivity [11]. The ultimate goal is to develop an overall workers’ 

productivity assessment framework. To develop an assessment mechanism, the 

framework was suggested to develop in two parts  

Initial assessment  

Detailed assessment 

Table 1.1: Summary of the research findings 

Activity Deliverable 

In
it

ia
l 

A
ss

es
sm

en
t 

List of factors affecting 

workers’ productivity 

 Ranking list of factors affecting workers’ 

productivity  

 Factor-based initial productivity assessment 

Existing problems and 

related issues in 

procedures and method 

 Issues and drawback with the current 

construction  industry 

Delay causes in 

construction 

 Categories and delay causes in each category  

D
et

ai
le

d
 a

ss
es

sm
en

t 

Activity analysis in 

building construction 

trades 

 Block work, Plastering, MEP work, Tiling, 

Painting, Formwork and Reinforcement 

 Root causes for delay work were identified, 

and the responsible party was identified 

 Methods for improvement were suggested 

Sub-contractor 

performance assessment 

framework 

 Sub-contractor assessment framework 

Identification of errors 

and reworks 

 Critical and frequent errors in masonry stage 

 Errors and reworks reduction framework 
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Figure 1.3: Assessment framework overview
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2. LITERATURE REVIEW 

2.1 Basic Definitions of Productivity  

Currently there are different kinds of definitions to measure and quantify productivity. 

The three different definitions of productivity in construction [13]. 

1. Single factor productivity 

2. Partial productivity 

3. Multifactor productivity / Total factor productivity 

Construction Owners Association of Alberta introduced “A Framework for Total 

Factor Productivity Measurement of Construction Projects.” In the guide book set of 

definitions, defined productivity measures in different aspects. Equation 1,2,3,4,5,6,7 

and 8 are the equations defined in “A framework for Total Productivity Measurement 

of Construction Projects” by the Construction Owners Association of Alberta [14]. 

Single Factor Productivity 

Single Factor productivity (SFP) is that most ordinarily used productivity mensuration 

strategies. SFP evaluates productivity as a quantitative relation of one input issue to 

output [6]. The factors considered in the equations through SFP are often classified 

into two broad sections, labour related factors and capital-related factors. 

Labour productivity =
Quantity index of gross output

Quantity index of labour input
                                    (1) 

 

Labour productivity

=
Quantity index of value added

Quantity index of labour input
                                                 (2) 

 

Partial Productivity 

Partial productivity is quantitative between output to one input or more. Capital 

productivity, material productivity and worker productivity (ration of work 

output/completed and input worker hours) 

Partial productivity over period’t’: which defined by “Construction Owners 

Association of Alberta.” 
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Human productivity, Hp =
Vt

Ht
 

Materials productivity, Mp =
Vt

Mt
 

As shown in according to CII [15], partial-factor productivity can be used for different 

types of conceptual estimation for measuring productivity on construction projects. 

Partial factor productivity =
Physical output (Units)

Labour($) + Equipment($)
                                      (3) 

 

Total Factor Productivity (TFP) / Multi-Factor Productivity (MFP) 

Total Factor productivity (TFP) (also called multifactor productivity) is another 

productivity measuring concern that uses multiple input factors (energy, labour, 

equipment, materials, and capital) to provide and output [16] [6]. Since this MFP 

evaluates output against different kinds of inputs, these all factors are considered to 

take the collective impact on the variation of inputs [17].  

Total-factor and total productivity values are computed as follows as defined in “A 

Framework for Total Factor Productivity Measurement of Construction Projects” by 

the Construction Owners Association of Albert [14]: 

Totalfactorproductivity

=
Total output

Labour + Material + Equipment + Energy + Capital
         (4) 

TFPt =
netoutput

Ht+Ct
         Where TFPt is total-factor productivity over period t. 

Thus, TPt =
Vt

Ht + Ct + Mt + Et + Ot
 

 

2.2 Scale of Productivity 

Productivity in the construction can be defined in different scales. When it comes to 

construction productivity in the industry level is contributes to each sector of 

construction building, road, bridge, and other sectors as well. Project-level 

productivity provides profit, satisfaction to the construction management team and 

their company while crew level productivity provides more to the workers. Few 

different levels of productivity can be listed as follows: 
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1. Industry level productivity 

2. Project-level productivity 

3. Crew level productivity 

 

Industry Level Productivity  

Constructionindustryproductivity =
Gross industry output per annum

Labour engaged per annum
  (5) 

At the industry level, productivity is often used as an indicator of efficiency. It is 

calculated as the quantity of output created per unit of input. The productivity 

measured is often expressed as a type of labour productivity or multifactor productivity 

[15]. Macro-economic productivity measures, like industry-level productivity, offer 

data relating to living standards, the standing of associate degree economy’s 

productive capability. A comparison of international productivity, and influence of 

economic policies [18]. 

According to CII (2013), industry-level productivity is assessed mistreatment to key 

metrics; total factor productivity (TFP) and labour productivity. TFP is often 

determined by comparing the products and services created with the input utilized in 

production operations. Equation half-dozen shows the calculation for TFP, expressed 

in terms of labour, material, equipment, energy, and capital [15]. Labour productivity 

at the industry level is often measured as a magnitude relation of total output over the 

number of labour hours needed to deliver that output (Equation 7) [15]. At the industry 

level, TFP is most popular over labour productivity.  

Project-Level Productivity 

Project-level productivity has received the most attention as a result of project 

boundaries square measure fairly simple to outline, and also the edges of improved 

productivity square measure simply quantified.[19][20].  

In general, a project could be an assortment of activities that are needed for the 

development of a facility. Then it comes to entail the completion of varied activities, 

measuring of project level productivity is a lot of sophisticated than measuring of 

activity-level productivity [18]. 
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CII (2013) lists common measures of productivity that are expressed either as a 

quantitative relation of output to input or as a quantitative relation of input to output. 

Issue productivity that is shown below is equation four by is the same as TFP, and it's 

in the main utilized in abstract estimation to quantify construction productivity. 

Factorproductivity =
Physical output (units)

Labour($) + Material($) + Equipment($)
                  (6) 

The other productivity measure that can be computed at the project level is labour 

productivity. Labour productivity can be estimated based on the cost of labour required 

or on direct work hours (see Equation 10 and 11) 

Labourproductivity =
Physical output (Units)

Labour($)
                                                     (7) 

Labour productivity =
Physical output (Units)

Direct work hours
                                                     (8) 

Success of a project is influenced by the productivity of all task components within the 

project; so, evaluating solely a couple of work components or activities would not be 

adequate for the aim of assessing overall productivity [21]. 

 

Crew Level Productivity 

Measuring the productivity at crew level takes into thought the output of individual 

activities. [22] [23] and it was outlined because of the quantitative relation of labour-

hours to the number of labour in the site. 

Labour productivity =
Quantity of work

Labour hours
                          (9) 

 

 

2.3 Methods to Assess Labour Productivity 

Since the productivity is vital in construction industry, academia have evolved 

methods to assess the labour productivity in the construction industry. 

Therefore, different methods have been developed in different areas of the world 

in such a way that it would matter the most. 

Field Rating 
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Here, the level of productivity is determined as a ratio of working on the total 

time observed. So, this will give the effectiveness of the work which has been 

done. First, the sample is taken, and the number of working observations will be 

divided by total amount, and 10% will be added as an allowance for the 

supervisory and foreman activities. 

Field rating =  
Total observations of working

Total number of observations
+ 10%            (10) 

Since this is a measure, this should have a percentage greater than 60% since 

there is a 10% allowance directly. If it is considered without that, it will be less 

than 50% which will not be a satisfactory amount. Hence, this method does not 

provide any mere causes for these and any problems if there so far. What it does 

is that only a message will be given if there are some issues [24]. 

Work Sampling 

This method is somewhat sophisticated than the other method. Here a selective 

sample is taken on static sampling theory. So, this will be done by observation 

of work in a limited period and thereby arrive at conclusions as to how 

productive it is. This method is done in the sense of limiting the data collection 

time by making the limitations of the sample using statistical methods. Other 

than that, this will be helpful to select a sample from a population where it could 

include a lot of data if it is done for the whole population and it will be difficult 

to analyse [24]. 

In work sampling, a person’s productive time will be calculated over throughout 

the time involved in working. Following is the methodology which has to be 

followed to achieve the required output. 

1. At first identification of the work has to be done in such a way that the 

work related to an activity can be divided into three categories as 

Productive, Supportive or Semi-Productive and Non-productive. This 

can be in accordance to the relationship of the work assigned to that 

activity. 

2. Next step is the development of a format for collecting data. It should be 

properly understandable and easy to use at sites. 
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3. Then the observations have to be done to have collective sound data from 

the sample in such a way that there will be no any bias and the 

observations should be properly identified with the sub category involved 

to it. 

4. All the observations should be recorded on that format, and it will be 

taken to calculate the activity percentage in which it belongs to the above-

categorized sections. So, the productive time, semi-productive and non-

productive percentages will be calculated as mentioned [24]. 

According to the researches carried out, productive work should be of more than 

30%, and it should give the level of productivity of that work. This can be used 

to identify the areas where the workers should be performed and can be helpful 

for further analysing them in detail. Thereby the analysis can be used to give 

recommendations to them. 

Unit Price Analysis 

In Turkey standard construction unit prices are calculated and published as a 

Unit Price Analysis (UPA). Here the standard labour hours are calculated before 

they are revised and put forward as a published work. As a method to assess 

productivity, the labour figure could be taken, and it can be used to measure how 

productive the labour according to that. The problem is that in most of the time 

these will be revised in such a way that the labour figures are at the same. So 

now there are disputes whether the information given by UPA will be helpful to 

measure the productivity [10]. 

Also known as the tool time analysis and this has been considered as the best 

method to evaluate productivity. In the activity analysis what is performed is an 

examination of the work time the workers will spend on a task [25]. This will 

be helpful to provide the answers to the, 

1. Identification of respective challenges and find solutions to be 

implemented to achieve maximum productivity. 

2. Will help to know what is happening actually at the site when the workers 

are working. 

3. Maximization of direct work in such a way that is optimizing supportive 

work and idling work. 
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4. No any specific work or any disruption to work carrying out. 

5. The site will become more towards accepting the activity analysis due to 

the emergence of craft workers and will lead to higher productivity. 

Therefore, now this method has become the most acceptable method by many 

countries to assess productivity. So, the first thing to be done before the analysis 

is the determination of appropriate activity categories and selection of tool to 

support data collection to those categories. The methodology can be listed to 

five processes as figure 2.1 [26]. 

 

 

In the planning phase, the identification of the activities and its activity 

categories which are Productive, Supportive and Non-productive works has to 

be identified. The size of the sample has to be determined next. Size of the 

sample (minimum sample size) and the tool to collect observations can be 

developed with the aid of ‘guide to Activity Analysis by CII. Then the analysis 

should be done in such a way to identify poor performance. Thereby the 

improvements can be identified to the non-productive items and the 

improvements can be implemented [26]. 

Automated Techniques 

With the advancement of time productivity measurement in activities has developed 

automated techniques. Since the manual techniques will be involved with a lot of time 

and labor automated techniques were introduced [27]. In many techniques use of video 

cameras, and Kinect sensors are used to track data of labour intensive construction 

operations. 

Plan 

study 

Sample Implement 

improvement

s 

Plan 

improvements 
Analyze 

Figure 2.1: Process of Activity Analysis 
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With the use of a data processor, digital camera, video recorder, computer, ac 

transformer, and a wireless modem an automated Real-time productivity Measurement 

system was developed [28].  By tracking the video, the users of the system will be 

helpful to monitor the productivity even at the different location since the system is a 

wireless system. This system can be assessed by project managers, project office, 

clients and consultants to gather information. This system has features of not 

disrupting the construction activities, sharing collected data and determining Real-time 

productivity [28]. 

In 2009 an algorithm was developed to determine construction productivity by 

analyzing human poses. By implementing computer vision techniques, artificial 

intelligence an automated on-site productivity system was developed. In this system 

captured images of construction activities will be analyzed with the human poses 

associated [29]. The poses will be identified as effective, ineffective and contributory 

works and will compare and a real-time productivity figure will be given.  

With the use of Machine learning and Vision-based approaches, this method was 

developed, and the method can identify actions and movements safety and 

occupational health in a building interior [27]. 

An Automated Construction Worker Performance and Tool-time Measuring Model 

Using RGB Depth Camera and Audio Microphone Array System. By this model 

location information, tool time analysis, site-related information, location information 

of workers and productivity data can be obtained. In this model real-time RGB Depth 

data and Audio data will be analyzed by using image processing and signal processing 

methods and come up with information [25]. 

 

2.4 Directions for Productivity Improvement 

In thoughts of productivity improvement, it is important to have a background study 

on the effective and successful ways of productivity improvement. Here are some 

methods and KPIs which can improve productivity through literature.  

a. Develop the project with more practical aspects during the project design period 

b. Form a skilled construction worker team 

c. Hire special skilled foreign workers 

d. Form well organized and capable sub-contractor teams 
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e. Put construction management and project management theories into practice 

f. Use the technology to automate the construction works as much as possible 

 

CRCPM in 2009 revealed key ten targets to be achieved with the aim of construction 

productivity improvement [30] 

1.       Construction workers with higher motivation level and satisfaction 

2. Guide the staff with best practices guidelines 

3. Good relationship among the construction team 

4. Use quality tool and equipment and material for construction  

5. Improve the direct work percentage through work study methods 

6. Good use of construction methods and better work planning 

7. Effective use of information technology for site communication 

8. Good working relationship among construction site and head office 

9. Minimum weather disturbance 

10. Minimize problems occurred for construction parties during construction 

 

Following ten measures to improve construction productivity in a construction project 

in Canada [31]. 

a) Good practices of construction worker management 

b) Effective planning of the project 

c) Better construction management  

d) Managing all the other external works in construction 

e) Through supervision and monitoring 

f) Effective communication 

g) Well recognize methods of sub- contractor recruiting 

h) Constructible and practical project designs 

i) Government involvement 

j) Effective use of pre-cast products and modular construction 

 

2.5  Available Productivity Models 

It could be found that several worker productivity models which are currently in the 

practice. It has been classified and summarized into the following figure 2.2, then 

described afterwards. 
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Figure 2.2: Available labour productivity models  

Existing productivity models are explained in detailed in table 2.1. 

Table 2.1: Existing types of productivity models  

 

Main objective details 
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Investigate and understand the 

productive time and 

productivity through 

operatives 

Establishes a good basis for self-

assessment of operatives. It can be 

used to verify the benchmarking 

process as well. 

Craftsman questionnaire methods 

were Initially developed, which 

can supply sensible information on 

the construction site. [33] 
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Quantify the delay amount 

through foreman. 

Then enhance the productivity 

of work practices.    

This main method of getting 

relevant information which was 

initially developed in 1982 [34]. 

During this technique foreman are 

separately questioned.  

Labour productivity models

Survey models

Craftsman questionnaire

Foreman delay survey

Work study based models

Delay model

Activity model

Task model

Factor based models

Factor model

Expectancy model
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Identify and reduce excessive 

delays. Classify the total 

available work time into 

productive time, minor delay 

time and major delay time 

Recommended to carry out time to 

time for detailed study. Further 

actions are needed to contribute to 

productivity after investigation 

delay causes. 
A
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y
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Identification and reduction of 

unproductive time. Further, 

classify worker time 

distribution into direct work, 

preparatory work, material 

handling, traveling, waiting, 

and personal and out of sight. 

Can be applied effectively. The 

construction management team 

can improve their work practices, 

daily routines based on the results  

T
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k
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o
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el

 Identify site efficiency factors 

and compare the effectiveness 

of different methods. 

This is essentially a benchmarking 

model requires specific training 

for effective utilization  
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Quantification of the 

influence of factors on 

productivity 

This is suitable for find out 

effective work practices  

E
x
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n
cy

 

m
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Highlight the effect of 

motivation on productivity 

Can be used as conceptual support 

model for understanding worker 

behavior 

 

2.6 Barriers of IT Implementation into the Construction Industry 

Knowledge management could be a vital issue among construction companies. Since 

effort, sharing, and exploitation data in construction is crucial, data management is 

thought-about to be one of the key sources of success for the construction projects [35] 

[36]. Web-based information systems are presently in use in most of the development 

corporations. This presents three sorts of web-based applications namely to serve the 

construction industry. 
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Figure 2.3: Barriers to IT Implementation in the construction industry [36] 

2.7 Benchmarking Concepts 

Benchmarking is a systematic associate degreed continuous measuring method; a 

method of continuous measurement and examination of performance, which can 

facilitate the organization to require action to enhance its performance. Through the 

literature it can be found out few benchmarking concepts as in the figure 2.4. 

 

 

 

 

Industry Level

Organization Level

Project 

Level

Lack of leadership by 

clients 
Poor inter-operability 

High cost associated 

with IT application 

Limited resources 

available 

Low level of IT awareness 

(Exposure to IT) 

Tight project 

time frame 

Reluctance by management 

to invest 

Conservative 

practices 

Lack of IT strategic 

planning  

Cost driven or ill-

informed 

organization  

Low profit 

margin 

Fragmented nature 

of the industry 

Cyclical variation in 

work load 

Lack of perceived 

return on investment 

Resistance to 

change by staff 

Limited IT expenditure 

on projects 

Low technology 

used 

Lack of 

leadership  

Fear of change 

& uncertainty 
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Figure 2.4: Benchmarking types 

Internal Benchmarking: Performed inside one organization by examination 

performance of comparable business units or business processes.  

Functional Benchmarking: Associate degree application of method benchmarking 

that compares a specific business operates in 2 or a lot of organizations no matter the 

trade kind. 

Generic Benchmarking: Benchmarking that is aimed toward uncovering best 

practices that may be applied in own business method no matter the supply or form of 

trade. 

Competitive Benchmarking: A live of associate degree organization’s performance 

compared to competitive organizations; studies that focus on specific product styles, 

method capabilities or body ways utilized by company’s direct competitors; practices 

or services.   

2.7.1 Used Benchmarking Model for the Framework 

In an assessment framework, it is very much important to have the benchmarks 

to be achieved. Otherwise, the assessment will give the assessment results 

concerning the ideal conditions. In the activity analysis, the 100% direct work 

percentage is not practical. To derive benchmarks following method is 

Benchmarking

External

Reverse engineering

Competitive

Functional

Generic

Internal
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suggested. The suggested benchmarking process is modified according to a 

method of previous research [37]. 

a. Step 01: Identify KPIs for each Criterion 

 

Figure 2.5: Framework for setting benchmarks [37] 

b. Step 02: Data Collection for Benchmarking 

Representing a few different sites collect the relevant data using several kinds 

of suitable research methods interview experts, review project documents, site 

visits quantitative and qualitative methods need to be used. 



   Chapter II:  Literature review 

23 

 

 

Figure 2.6: Data collection for benchmarking [37] 
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c. Step 03: Data Analysis for Benchmarking 

A detailed analysis is needed for collected data under every KPI and indicators. 

Comparison and analysis of how the performance varied relevant to site 

conditions and situation are essential before going to set up benchmark 

performance. 

d. Step 04: Conclusion and Recommendations 

 

Figure 2.7: Data analysis for benchmarking [37]
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3. RESEARCH METHODOLOGY 

3.1 Selected Sites for Data Collection 

In the study finishing works in building construction were thoroughly studied, while 

structural trades are studied into that much of depth. 

Finishing trades 

1. Block work 

2. MEP works (Mechanical, Electrical, Plumbing) 

3. Plastering 

4. Tiling 

5. Painting 

Structural Trades 

1. Form work 

2. Reinforcement 

Throughout the data collection period in the study researcher was stayed at a large high 

rise building construction site. Researcher was served for collecting data, identify the 

productivity pitfalls, and study on the worker time distribution throughout the period. 

The project was two thirty story buildings proposed and started construction. From 

April 2018 to February 2019 stayed at the site fulltime. Also, contract price of the 

project is: Rs. 5,811,873,767.45. Also relevant data was collected from two other 

building construction sites.  

When the study proceeds, the findings were implemented into some extent in a similar 

kind of project to data collection project. That project is also having two high rise 

buildings and it was under a different management section. 

Table 3.1:  Summary of research methodology 

In
it

ia
l 

A
ss

es
sm

en
t Factors affecting workers’ 

productivity 

1. Literature review 

2. Pilot survey 

3. Site visits 

4. Final questionnaire survey 

D et ai
l

ed
 

as se ss m en t Activity Analysis 1. Site based study 
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Sub-contractor assessment 

framework 

2. Literature review 

3. Questionnaire survey 

Errors and rework reduction 

framework 

1. Error survey – Site inspection 

2. Develop the data base 

 

3.2 Initial Assessment Methodology 

Initial assessment framework was developed according to accepted research methods 

factor list which affects the workers’ productivity were identified through literature 

review then clustered using a pilot study. Final ranking and weighting were done using 

a questionnaire survey. Measurable criteria’s and criteria were identified and weighted 

through another expert survey opinion. Benchmarking performance and target levels 

were derived throughout the data collection period with the aid of Activity Analysis, 

site observations and literature. 

Initial assessment is a questionnaire based assessment and it can identify the reason 

for productivity lags. Initial assessment is capable of assessing the contribution of 

different disciplines and external factors towards workers’ productivity (Management, 

Plant and equipment, Site facilities, Material supply and stores and project 

characteristics) 

 

Figure 3.1: Process of the initial assessment framework 
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Initial assessment part is an extension of a factor based assessment method. It was a 

work, which was carried out by the author.  To achieve good construction productivity, 

the industry has figured out factors which could affect labour productivity directly. 

Thereby construction managers will always have a look at them, and they will be acting 

towards it to minimize the effect on them to productivity. Initial assessment take less 

time that is why is named as initial assessment. 

3.2.1 Identified Critical Factors 
 

Firstly 107 factors were identified through literature, to evaluate construction worker 

productivity, 62 factors were identified and ranked, which affect construction labour 

productivity from questionnaire survey [38]. In that research, those factors affecting 

labour productivity has been categorized into eight categories as follows, 

A. Plant and equipment, B. Material, C. Management, D. Manpower, E. 

Motivational, F. Technical, G. Project and H. Others 

 

Figure 3.2: Worker productivity affecting factor categories [38] 

Previously identified 62 factors were ranked according to the relative 

importance of each factor. Relative importance was derived by performing a 

questionnaire survey. Considering the relative importance, a weight mark was 

given to each factor. That marks were used to evaluate the productivity level of 

a site with the level of the score given by the user for each factor [38].  

Top fifteen crucial factors affecting construction worker productivity were indicated 

in the table which was an outcome of a survey of 208 responses [38]. 
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Table 3.2:  Top 15 factors according to RII [38] 

Rank       Factor 

1  Skill of labour 

2  Suitability or quality of plant, equipment, and tools 

3  Labour experience 

4  Unavailability of material/ Late deliveries of material/material supply 

5  Technical ability and construction knowledge of engineer and staff 

6  The technology employed and new project techniques 

7  Breakdown and damages to the plant and equipment(machinery) 

8  Shortage/Inefficiency of tools and equipment 

9  Construction method used 

10  Communication between site management and labours 

11 Amount of wages/unfair wages of construction workers 

12 Leadership qualities of the engineer and staff 

13 Motivation of labour 

14 Quality or suitability of the material 

15 Construction manager’s ability to manage people and Project planning 

ability 

 

In the data analysis top ranked factors were listed out for category wise also. Top three 

ranked factors in each productivity affecting category is listed down in the table 3.3 

[38]. After finalizing the factor rankings, the finalized list of crucial factors affecting 

worker productivity then incorporated to the “Enhancer” web tool initial version.  

Table 3.3:  Category wise ranking [38] 

Category Factor 
Overall 

Rank 

 

A. Plant and 

equipment 

Suitability or quality of plant, equipment, and tools 2 

Breakdown and damages to the plant and equipment 7 

Shortage/Inefficiency of tools and equipment 8 

 

B. Material 

Unavailability of material/Late deliveries of material 4 

Quality or suitability of the material 14 

Unavailability/Unsuitability of storage location 45 

 

C. Management 

Communication between site management and labours 10 

Leadership qualities of the engineer and staff 11 

Construction manager’s ability to manage people and 

project planning ability 

15 

 Skill of labour 1 
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D. Manpower Labour experience 3 

Motivation for labour 13 

 

E. Worker 

Motivation 

Amount of wages/Unfair wages of construction workers 11 

Accommodation 16 

Love and belongingness, Labour recognition and respect 20 

 

F. Technical 

Competency 

Technical ability and construction knowledge of engineer 

and staff 

5 

The technology employed and new project techniques 6 

Construction method used 9 

G. 

Characteristics 

of Project 

Quality control/Standard and specifications 19 

Working environment/Insufficient lighting 37 

Project complexity and design complexity 49 

 

H. Other 

Inclement weather/Rain 39 

On-site accidents, Stop works due to accidents 40 

High temperature 41 

 

 

3.3 Detailed Assessment 
 

Detailed assessment is a combination of interconnected frameworks. Mainly Activity 

Analysis based worker time distribution assessment, sub-contractor gang assessment 

and errors and rework reduction framework. Used research methods and the purpose 

of each framework is summarized in the table 3.4. 

Table 3.4: Summary of detailed assessment process 

Activity Research method Purpose 

Activity Analysis  Site visit  Identify the possible 

productivity improvement 

areas 

 Evaluates the workers’ 

productivity on trade-wise 

 Benchmark performance for 

construction activities 

Sub-contractor 

assessment 

framework 

 Literature review 

 Questionnaire survey 

 Assess crew wise performance 

and productivity 

 Identify top performing teams 

 Improve workers and guide 

them to build their carrier 
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Errors and rework 

reduction 

framework 

 Error survey (Site 

visit) 

 Develop the data 

base- Literature 

review, Expert 

opinion 

 Enhance project productivity 

and performance 

 Reduce waste 

 Improve work quality and 

practices 

 

 

3.3.1 Activity Analysis Based Assessment 

In the study, a detailed work force assessment method is derived using the 

Activity Analysis techniques. Through the study trade wise benchmarks, issues 

and root causes, the responsible party for non-productive causes, possible 

improvements were identified. This study was done considering the building 

construction sector in Sri Lanka.  

 

Introduction to Activity Analysis 

In the present situation, the construction workers are highly paid, and the rates 

are high for the skilled workers. There is a scarcity of the skilled workers in the 

construction workers. 

The workers are not interested in construction activities when the rates are low. 

A mechanism is needed to get them high wages by improving their performance 

level. 

In this part, the objective is to cover the detailed assessment part. Mainly the 

study is done according to the Guide to the activity analysis by Construction 

Industry Institute (CII) [15]. The construction industry has had marginal growth 

when considering the worker productivity compared to the other industries [39]. 

 

Activity Analysis 

The workers’ productivity is much affected by many external factors. According 

to reference [38], two main categories that contribute to the worker performance 

are management and manpower related factors. 

In the management related factors includes continuous supervision, adequacy of 

instructions, coordination of design details, communication and relationship 



   Chapter III: Research Methodology 

31 

 

between workers and the management, ability of managers in project planning 

and human capital management, leadership qualities of the management level, 

technical knowledge of the engineers and supervisors, size of the crew and 

distribution of labour, proper management with sub-contractors [38]. 

Manpower related factors include skill of labour, working for longer periods 

without holidays and shifts, experience of labourer, motivation of labourer, 

absenteeism of labourers, working overtime, personal problems of labourers, 

amount of wages and unfair wages, trainings provided, medical and health and 

safety provided, late payment of salaries, job security, social activities, 

accommodation, love and belongings, labour recognition and respect, transport 

facilities to labourer [38]. 

Management and manpower related factors puts a big concern for the workers’ 

productivity. To improve the productivity improvements can be implemented in 

Macro level and Micro level. It was stated that measurement data is needed for 

two purposes: as a driver for internal improvement and for targeting and 

benchmarking projects and organizations. Revealing root causes behind 

productivity and workers’ performance and it aims the required change that 

needs to productivity increase takes place in the micro level [40].  

Through the Activity Analysis, a detailed assessment of workers’ performance 

and an assessment for worker productivity can be done as well.  

Guide to Activity Analysis categorizes all the activities by the workers into main 

three categories [15]. 

Direct Work 

Supportive Work = Preparatory Work + Tools and Equipment + Material 

Handling 

Delay Work = Waiting + Travel + Personal 

With an increase in productivity means that construction companies can increase 

wages because companies are getting a high amount of work done within the 

same time [41]. 

The duration of the performance has a direct connection on the profitability of 

the contractors. Claim the delays are difficult to solve in the construction 
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industry [42]. Currently, the competition between construction companies is 

high. Foreign companies are doing 40% of Sri Lankan projects, and the trend 

will continue in the next couple of years. 

At present most of the construction companies sub-contracted their works. The 

allocated rates for the sub-contracted works by the companies are significantly 

low. The contractors have to do more direct works to cover up their daily wages 

and get a profit.  

Since activity sampling is a technique since 1917’s recently modified automated 

analysis techniques were developed [38]. It has built up a job site activity 

tracking system using video processing. In the process collect a large sample of 

video data and process. 

Construction Industry Institute has developed a guide to doing work study. 

Based on that guide the definitions were modified compared to the Sri Lankan 

context. 

A brief introduction to each category according to activity analysis definitions 

are as follows 

Direct Work 

Direct work includes all the physical productive works relevant to each trade 

which includes the work that pays off by the company for the contractors and 

workers. Likewise “All the skilled works in each trade. Making the 

measurements. Necessary supervision and instructing the crew members by the 

crew leader/skilled worker”.  

Preparatory Work 

Al the works are necessary for prepare for the direct work. Necessary work area 

cleaning, tool and equipment cleaning, getting and traveling the equipment to 

the work place, searching for materials/tools, removing the disturbances 

(damaged items) 

Safety talks and arranging safety protections in the working area. Planning 

works (receiving, giving instruction) 

Getting prepare for the works, putting gloves, arranging the power supply to the 

equipment. Arrange the supportive scaffoldings, supports 
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Material Handling 

Mixing and preparing the materials according to the manuals. Getting the 

material/or part to the work place from outside and ineffective material handling 

activities. 

Tools and Equipment 

Operating/handling the necessary tools for each trade in the relevant stage of the 

work. Cutting, drilling mixing, grinding works, levelling, etc. using the relevant 

equipment. This category includes handling supportive tools for the activity. 

Waiting 

This category mainly includes the waiting of unskilled worker while the skilled 

worker is doing the direct works. Miscellaneous delay, equipment delay, 

material delay, supervisor delay are also included in the category 

Waiting for the supervisor to get instructions, materials, get necessary signs. 

Delays due to unexpected reasons (power supply loss, rain, external 

disturbances)  

Walking / Traveling 

Traveling in the working area with empty handed, Traveling early for the lunch 

and tea breaks and come back after the authorized time, Travelling between 

tasks with the necessary equipment are included in the travelling/walking 

category. 

Personal 

This category excludes normal and authorized breaks and lunch periods. Apart 

from that time for rest, drinking water, smoking is included in this personal 

category. Major reason for this is smart phone usage during the working hours,  

New Methods in Activity Analysis 

The activity analysis method is a continuous process of measuring and 

improving the amount of time that workers spend on actual construction works 

[15]. 
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Figure 3.3: Activity Analysis development 

In the present snap shot activity sampling method carries hundreds of human 

hours. Crowdsourcing activity analysis framework 2014 is a framework that 

collects the data through job site video streams [43].  

In the past few years, new trends and solutions developed in the activity analysis.  

Sensor-based workforce assessment methods leverage Ultra-Wide Band 

(UWB), Radio Frequency Identification (RFID) tags, or Global Positioning 

Systems (GPS) as data acquisition device to collect construction worker location 

information as reference to minimize workforce assessment results [43]. 

Bag-of-Posed-Histogram mechanism was presented to analyse workers activity 

types, such as fire caulking, hammering, and idle, in interior condition from 

RGBD (RGB + Depth) cameras [44]. 

A typical construction worker day can be classified into few sections. Productive 

time of a typical construction worker was found out as a small portion. 

Furthermore is can be elaborates as in the figure 3.4 [45]. 

Snap reading method in 1970s”

Work sampling

Activity Analysis



   Chapter III: Research Methodology 

35 

 

 

Figure 3.4: Classification of construction working day [45]  

3.3.2 Methodology in Activity Analysis Based Assessment 

In the building construction, key trades were selected for the study. Activity 

Analysis results were analysed for the following trades. Tiling, Painting, 

Plastering, Block work, MEP work, Reinforcement, Formwork 

The Activity Analysis was done to assess the time distribution on each category 

of sub-contractors. All the following results were related to the sub-contractors 

in each trade.  
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The data collection sheet was made using the Construction Industry Institute 

guide. The data collection chart was used to record the percentages in each 

category for every minute. Consider a worker crew, for every minute took a 

snapshot and decide the number of workers in each category by their position 

 

 

It is very much essential to cover up sufficient sample size before analysing the 

data set. Data sample was collected as per the according to the Guide to Activity 

Analysis which elaborates in table 3.5 [15]. 

Table 3.5: Minimum sample sizes per hour 

Number of Craft Workers Minimum Sample Size per Hour 

  0 - 50    46 

  51 - 100    84 

  101 - 150   116 

Determining an adequate sample size per hour is critical to the accuracy of the 

Activity Analysis results. Since the activity analysis was done in trade wise, 50-

100 numbers of workers on each trade was recorded for each hour. 

Following observation, techniques were followed while collecting the data. 

Figure 3.5: Data collection sheet 
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a. Strategic observation techniques – The workers should not be awarded that 

they are monitored 

b. Walk through the working area and make a note of the observations after 

leaving the area 

c. Random routes – To minimize the impact of the situation of being observed, 

it is also important to ensure that workers are unable to anticipate the exact 

time of observation. 

 

3.3.3 Sub-Contractor Assessment 
 

In the construction industry labour is one of the crucial requirement. According to the 

current trend the cost of labour is increasing significantly. To provide a solution to the 

scarcity of the work force and a higher rate for workers workforce assessment and 

close monitoring is developed. 

Management variables and management practices are main factors which influence 

contractor performance. Monitoring and controlling of cost, time, quality and safety 

problem solving, team development skill, management knowledge are identified as the 

key management variables [46].  
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Figure 3.6: Network structure model of the contractor performance [46] 
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Comprehensive worker performance measurement evaluation the Construction worker 

performance index is a crew assessment framework. The assessment is based on 

technical skill, management skills and motivation level. In the CWPI assessment 

supervisor’s assessment play a impor6tant role for the overall assessment [47].  

Relevant staff member who is responsible for the sub-contractor crew is need to give 

his expertise feedback and comments for the final evaluation on sub-contractor crew. 

 

Figure 3.7: Construction worker performance index [47] 

It is needed to match construction worker crew characteristics with supervisors’ 

leadership styles. Different supervisors have different supervisory styles. Assigning 

appropriate supervisors to crews is an essential step in streamlining the construction 

process [48]. 
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All the sub-contractor crew in the construction site can be classified into four 

categories according to the skill will matrix. Technical guiding is needed for a crew 

less skill and with a high motivation. Close mentoring is needed for a group with less 

skill and less motivation.  Supervisor need to motivate the worker crew  with less will 

and high skill and then a worker crew with high skill and high motivation can be 

delegated [48]. 

When shaping crew performance it is not all about their contribution but also 

management and staff has to play a big part of it as well. Management and staff is 

responsible for setting up good working condition and effective relationship with 

workers crews [48]. 

 

3.3.4 Errors & Rework Reduction Framework 
 

Previously many researchers suggested frameworks to boost the safety and quality 

performance of construction projects. They reported on the importance of making a 

safety culture on achieving higher quality performance [49]. Some measures and 

recommendation through the study are: Reduce the material waste. Minimize damage 

to tool and equipment and effective maintenance, Enhance quality working, introduce 

additional economical layout and work ways. Errors and reworks in a construction 

project costs a reasonable percentage from total project cost. Errors and reworks cost 

around 5% [50]. When it consider all kind of construction projects together. In the 

residential building project value is 3.15% [51]. 

 

Figure 3.9: Cost impacts of rework reported in various studies [50] [51] 
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In the construction, it is very difficult to control and deliver the output in ideal 

conditions. Errors and reworks are identified as a major reason for excessive time and 

cost in construction [52].  

It is quite difficult to make it zero. Though summarizing and real-time analysis with 

the past data and record can contribute to minimizing the reworks. Within construction, 

errors have a negative influence on the standard and safety performance of comes [53], 

[54]. (For instance, a scarcity of quality skill typically follows a deviation from a 

customary or protocol. Consequently, this needs further work (i.e. rework) to make 

sure it conforms to given standards.  

Also, errors and reworks cause due to the interdependency of the construction 

activities [55]. Most of the construction works in building sites are semi-dependent or 

dependent.  

 

Independent                 Semi – Independent       Dependent                     Inter Dependent 

Figure 3.10: Interdependency of construction activities [55] 

Errors and reworks represent the spare effort of redoing a method or activity that's 

incorrectly enforced the primary time. Inept structure and management practices have 

contributed to stonewalling, share prices, exaggerated errors and misunderstandings, 

that have invariably resulted in retread occurring incomes [56]. Furthermore root 

causes for errors and reworks are identified as iteration happens in the site situation, 

elaborates in figure 3.11 [57]. 

It was identified errors and reworks are caused due to project characteristics, 

organizational management practices and project management practices. Caused 

errors and reworks leads to productivity and project performance loss at the end [57]. 
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Figure 3.11: Conceptual model of rework determinants [57] 
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In the case of subcontractors, specific strategies were found out that can be used to 

minimize the error and rework amount [58], [59], [60] [61].  

 

Figure 3.12: Quality control measures 

In the construction situation occurrence of errors and reworks have an adverse impact 

to the project productivity and performance. It has been identified very effective error 

management and mitigation strategies time to time [62]. To demonstrate how these 

error management and mitigation strategies work construction movement team has the 

responsibility. 

Table 3.6: Common practices of error management [62] 

Practice Example of quote 

Communication Using lessons learned process during construction projects 

helped everyone to reduce and mitigate errors and reworks 

occurred.  

Sharing Knowledge “I was performing on a project in X and finishing a high rise 

building. I {used to be} lecture X regarding my project as he 

was similar and period sooner than us. He mentioned regarding 

a number of the problems that they had baby-faced (i.e. 

Identify the varience 
in performance

Mangement's responsibility 
for quality

Develop a guide

Application of statistical 
methods at all stages of 

quality control
Adjust the plan based 

on monitoring

Quality assuarance in 
design phase

Personal training
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rework). That showed a way to avoid creating identical 

mistakes. 

Analyzing “We spent a lot of time going to site ensuring people knew how 

to do something before work commenced to make sure they 

were aware of the potential for mistakes to be made. What I 

observed was that when rework had to be done, incidents 

tended to occur.  

Error Assistance “When during commissioning, a valve failed. We worked with 

the subcontractor (Sub/c) to solve the issue. We do not have to 

help them, but it was a win-win to help solve the problem. Sub/c 

does not purposefully try to produce defective work. We also 

worked hard with the sub/c to ensure they planned their work, 

so injuries do not occur. 

Coordinating and 

Handling 

“Variations were a major contributor to rework and during 

rectification contributed to injuries. We tried to reduce the 

impact of variations; this was a goal of ours. When a variation 

was issued, this often required changes in the sub/c planning.  

Culture No one organization dominated; we are partners. A 

homogenous culture was developed; no-blame was 

fundamental. A huge drive to perform work together, share and 

learn together. When a mistake was made people were 

encouraged to let everyone know. It was hard at first, but we 

got there in the end; learning is part of the alliance's fabric 

 

In the start of the construction identify the possible errors and possible reworks need 

to be identified. Further criticality and frequency of each error and rework will guide 

the construction team to minimize the amount. As the project proceeds criticality and 

frequency need to be fine-tuned.  

For the analysis construction phases were divided into three stages and the following 

trades were identified. Structural stage, masonry stage and finishing stage are the 

identified stages.  
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During the data collection typical 50 house units which in masonry stage were 

observed. Those house units were selected from both the towers. Summarised 

errors and reworks reduction strategy is mentioned in the figure 3.13. 

 

Figure 3.13: Errors and reworks reduction plan 

Error identification and estimation was firstly done using the previous 

inspection sheets. In the general practice QA/QC team does not quantify the 

error amount. Mainly error survey was used to identify the criticality and 

frequency of each error in the masonry stage. 
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4. BACKGROUND STUDY 
 

The delay causes and the problems were identified which are expected to make a cause 

in productivity and performance.  In the process of developing an overall productivity 

improvement framework, it is essential and important to have a thorough background 

study. In that process literature review and industry survey supported and contributed 

to achieve a thorough back ground study. 

4.1 Identified Delay Causes through Literature 
 

Seven categories were identified in the literature review. Management, labour, client, 

material, consultant, project and external are the key categories which causes to 

construction and performance delay  

 

 

 

 

 

 

Figure 4.1: Identified delay cause categories 

Under the above delay categories 80 different delay causes were identified and 

detailed in the table 4.1. 

Table 4.1: Identified delays in each category through literature 

Catego

ry 
Factor References 

C
li

en
t 

Finance and payments of completed works/ Late 

payment by the client to the contractor during 

construction 

[62] ,[63], [64] 

Owner interference [64] 

Slow decision making by owners [64], [65], [66] 

Unrealistic imposed contract duration [64] 

Unrealistic  contract  durations  imposed  by the client                                               [67] 

Delay to furnish and deliver the site to the contractor 

by the owner 

[66] 

Change orders by client during construction period [66],[ 68], [65], 

Contractor / Management 

Consultant 

Client 

Project / Design 

Material / resources 

External 

Labour 
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Delay in approving  design documents, shop drawings 

and sample materials/ Delay in work approval 

[66], [65], 

Poor communication and coordination among client 

and other parties 

[66] 

Unavailability of incentive programs for target 

completion and better performance 

[64] 

Bid problems  [65] 

Incomplete drawings and specifications  [65] 

C
o
n
tr

ac
to

r 

Sub-contractors/ Delays in sub-contractors work [64], [66] 

Problems due to improper planning and scheduling  [64], [65] 

Mistakes reworks and errors during construction  [64], [66] 

Inadequate contractor experience (planning, 

scheduling) 

[64], [67] 

Poor site management and supervision by the 

contractor 

[66] 

Poor communication and coordination by the 

contractor with other parties 

[66] 

Ineffective construction methods and practices by 

sub0contractors 

[66], [64] 

 

Inadequate contractors work / Poor performance of 

work 

[66] , [65] 

Change in sub-contractors time to time due to their 

lower performance 

[66] 

Poor qualification of the contractor's technical staff [66] 

Delay in site mobilization [66] 

Late payment by contractor to workers during 

construction  

[65] 

M
an

ag
em

en
t 

Poor site management and supervision                                                                    [67], [64] 

Improper  control  over  site  resource  allocation                                                  [67] 

Low  speed  of  decision  making  within  each  project  

team  and involving the team                         

[67] 

Low skills of project planning and scheduling by 

construction team   

[41] 

Inadequate information exchanged between parties  

and lack of communication among relevant parties 

[69], [67] 

Lack of structured methods to identify and categorize 

the finished components 

[69] 

C o n s u lt a n t Preparation and approval of drawings [64] 
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Quality assurance /control [64] 

Waiting time for approval of tests and inspections [64], [65] 

Delay occurs in approving changes and excessive time 

is taken for carrying out inspection  

[66] 

Lack of flexibility while decision making and 

coordinating 

[66] 

Insufficient experience of consultant [66] 

M
at

er
ia

l 
an

d
 E

q
u
ip

m
en

t 

Low-quality material [65], [70] 

Shortage of material [64] 

Poor  procurement  programming  of  materials                                                   [67] 

Shortage of construction materials in the market [66] 

Changes in material types and specifications during 

construction 

[66] 

Delay occurred in material deliver [66], [68], [65] 

Late procurement of materials [66] 

Breakdown in tool and equipment and shortage [66] 

Low productivity and efficiency of tools [66] 

Penalty of development materials suppliers  [65],  

Supplier and late delivery of equipment [65],  

Failure of equipment [65],  

L
ab

o
u
r 

Labour supply [64] 

Labour productivity [64], [69] 

Equipment availability and failure [64] 

Shortage  of  skilled and unskilled labour                                                                                         [67], [66] 

Low  labour  productivity   [67] 

Delays  in  subcontractors’  work                                                                              [67] 

Nationality of labors [66] 

The low productivity level of labors [66] 

Personal conflicts among labors [66] 

E
x
te

rn
al

 /
 G

en
er

al
  
 

F
ac

to
rs

 

Weather situation and effect, Rain effect on 

construction activities 

[64], [68], [65] 

Regulatory changes and building code [64] 

Problems with neighbors [64] 

Unforeseen ground conditions [64], [65] 
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Unavailability of utilities in site (such as, water, 

electricity, telephone, etc.) 

[66] 

Effect of social and cultural factors [66] 

Differing site (ground) conditions [66] 

Changes in government regulations and laws [66] 

Inclement weather conditions   [69] 

Traffic congestion between factory and site    [41] 

Environmental problems  [65], 

P
ro

je
ct

 /
 D

es
ig

n
 

Unforeseen  ground  conditions                                                                                 [66] 

Project  construction  complexity                                                                               [66], [68] 

Inadequate definition of substantial completion [66] 

Ineffective delay penalties [66] 

Delays in producing design documents [66] 

Un-use of advanced engineering design software [66] 

Quality relation [68] 

Change orders [64] 

Mistakes and discrepancies in contract documents [64] 

 

4.2 Industry survey 
 

When trying to develop a practical productivity framework it is important to have a 

thorough study on existing gaps and drawback in the construction industry, as well as 

root causes. 

In the first stage of the study, an industry survey was conducted. The ultimate goal is 

to study the existing productivity concepts and methods before developing an overall 

framework. Gaps and drawbacks in the current construction industry among 

construction companies were identified and listed out through the survey. The 

responses were collected to represent seven leading construction companies in Sri 

Lanka while collecting responses from two Chinese companies as well.  

Responses and industry experts’ opinion were collected representing seven leading 

construction companies in Sri Lanka. In the questionnaire several questions were asked 

from the industry experts to get the opinion on those points.  
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a. Difficulties and drawbacks with current situations 

 lack of skill labours 

 The attitude of staff and labours 

 Less effort in improving the 

productivity among the supervisors 

 Use only bar charts to monitor the 

construction works and planning  

 Delay in decision making 

 Management will not get direct 

decision to improve good quality  

 Non-periodic meeting at sites 

 Resistance to system changes of 

unsuitable peoples 

 Issues in communication between 

construction stakeholders 

 Lack of training sessions and 

workshops to construction workers 

 Ineffectiveness in material delivery, 

construction site layout  

 

b. Sri Lankan workers and foreign workers comparison 

Then a comparison as in the table 4.2 were carried out from the responses. The 

table elaborates positives and negatives of foreign workers with compared to Sri 

Lanka workers. 

Table 4.2:  Performance comparison 

Positives Negatives 

 Work 14 - 16 hours  

 Working hard 

 Working quickly 

 Punctuality is better 

 Consistency of attendance 

 Skilled workers 

 Good attitude, Lesser 

distractions 

 Higher physical strength 

 They're trying to give a service which worth 

their salary. If we give sufficient facilities like 

foods and overtime charges they'll give more 

service than local workers.  

 Difficult to communicate 

 Bad attitude towards local supervisors 

 Need more foods - Specially Bangladeshi 

labors 

 Take 2-hour break from 12 to 2 

 

c. Worker management structure 

Currently there are three main worker management structures which are only sub-

contractors, only company workers and combination of direct workers and sub-

contractors. The combination of sub-contractors with combination of direct workers 
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was the main opinion that was analyzed according to the responses. Further 40% of 

experts were opinioned combination of direct worker and sub-contractor mentioned 

above point.   

 

 

d. Measure / Monitor the workers’ productivity? 

During the study it was found out 87% of the companies are measuring and 

monitoring the productivity. 

 

Suggested actions 

 Monitor daily progress, measure the quantity of work done and how much time 

expend to it. There is an officer for measure the work is done with cost 

12%

88%

What is the existing worker 

management structure

Direct workers / Company workers

Sub-contractors

Both company workers and sub-

contractors

27%

40%

33%

What is the productive structure

Direct workers / Company workers

Sub-contractors

Both company workers and sub-

contractors

Yes
87%

No
13%
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 Company need to instruct the supervisors of worker's to continuously monitor the 

worker's productivity and check their work done at least covers their daily wages 

 Given targets should be covered in a given period for the crews 

 Weekly basis evaluate the work is done and the expenditures to all items 

 Supervisors should submit on work is done records in daily 

e. Use of IT and technology 

Under the use of IT and technology, it was investigated current practices and 

trends in Sri Lankan construction industry. Following percentages were found 

out in usability of scheduling software, project managing software and 

communication techniques. MS project were found out the key scheduling 

software while some companies practicing both MS project and Primavera. 

Advanced Project Managing Software 
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Communication Techniques 

 

f. Quality assurance actions 

 Compare the performance - Have different teams for different locations in the 

construction site 

 Arrange training/awareness programs 

 Every weeks arrange the QA meeting / Site meeting Advise in the site 

 Efficient technical staff and document keeping / Daily reports of manpower and 

tools 

 All jobs are done under the supervision of a consultant. quality assurance officer 

did the surveys and submit a report of the quality of the job in monthly 

 QA/QC inspections before all work, Separate QA/QC division, Selection of 

Quality material, Continuous carrier development programs. 

g. Errors and reworks reduction actions 

• Money reduction / Add penalty for rework amounts 

• Continues supervision ( by qualified technical officers) 

• Monitoring -surveys check every level coordinates under the supervision of 

engineers and consultants before do concrete or pipe laying in the site 

• Assign skilled workers as much as possible  

• Inspections from both the Contractor side and Consultant side - according to 

consultant recommendations. 
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• Need planning and evaluation before the work. Prepare drawings and reviewing 

among each other in site meeting. 

h. Minimizing material wastage 

• Continues and proper supervision  

• Better pre planning to avoid material reconciliation time to time. Material need to 

be stored in a proper pre identified place through site layout planning. 

• Reuse and recycling of material used in the site 

• Preparation of work approval for tasks and issuing the approved material quantities 

for the relevant work. 

• Bar bending is done in a separate yard and they use software to minimize the 

wastage. Formworks are done in a separate carpenter shop.  

• Proper Planning. Accurate drawings 

i. Evaluation and appreciation process of workers 

53% of the companies were found to be having an incentive program for worker 

performance. Majority of the respondent experts were believed and stated their 

opinion, there should be a performance based incentive performance for better 

productivity performance. 

Is there an incentive program             Does incentive based performance is needed 

 

j. Identified possible improvements  

• Performance-based incentives  

• Giving targets for workers 

Yes

53%

No

47%

Yes

93%

No

7%
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• Effective communication between parties. Communication among sites - There 

should be a network among the projects to acknowledge day to day site 

issue/challenges, etc faced within individual sites. 

• Better supervision is needed for lower management by the top management 

• Due to the higher hierarchical structure a long time to get an approval for work 

orders. Decentralize the power of deciding middle management  

• Assigning suitable works for suitable officers and workers 

• Need proper, close monitoring progress 

• Cost analysis of the labors for their daily work done. And give feedback 

to labours and reduce their workmanship categories.  

• Total job should be planned with the site weather condition 

• Continuous carrier development programs for site staff. 

• Mainly divided into section and every section run under the supervision of 

separate managers. 

• Pay additional O/T, Refreshment, Day offs for full night shifts 

• Improve the use of new techniques 

Improved procurement handling and use ERP  

Arrange progress meetings continuously 

Training programs about new methods 

New formwork systems 
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5. INITIAL ASSESSMENT 

Initial assessment is an extension of enhancer.lk. Through the study it was find a 

solution to issues and drawbacks, found out in the previous questionnaire based 

assessment.    

5.1 Limitations in the First Version of the Enhancer Tool (enhancer.lk)  

When considering the assessment of tool following limitations could be identified. 

 A five-point Likert scale will be given to the user to rate the factor. Therefore, the 

score for the factor can be subjective according to the user. 

 Use of the five-point Likert scale makes the relative measurement of productivity 

rather qualitative than quantitative. 

 The tool will highlight only the issues regarding the factor and will not highlight 

the root causes of the issues at the site. 

If further elaborated, categories of factors affecting labour productivity are different 

and scattered. Therefore, identifying solutions for a poorly scoring category only will 

not be successful since the related other issues could not be identified since root causes 

for the problems were not identified.   

For example, if there is an issue with material delivery to a single crew and it has led 

to workers being waiting. But this waiting for material has led to laborers to have more 

personal works like using the phone, talking, etc. Mean time the supervisors also have 

put a lack of supervision on them. When considering the overall site conditions 

material delivery could be at an acceptable state while workers seem not performing. 

But the real issue was with material delivery to that crew.  

Initial Assessment is developed to identify the relative measurement for productivity 

by minimizing the limitations of the previous tool. In the previous research the 

assessing of labour productivity was done by giving a relative productivity assessment 

value considering the relative importance of the 62 factors identified. In this 

framework method of attaining to the score of a factor will be changed while the other 

steps of arriving at the relative productivity measurements remain.  
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5.2 Deriving a Quantitative Mark 

To arrive at the score for factor following process is identified. Since the score 

to be required is a quantifiable one each factor will be identified with 

Measurable criteria for it. Though the measurable criteria for factor were 

identified, they can be having different relativity to the factor. Therefore, each 

criterion will need a comparative score within a factor. Along with the 

comparative score of criteria, if a measurement is given to the criteria, the 

combined figure can bring a score to the factor. 

But to give a measurement to the measurable criteria, each criterion will be 

identified with measurable indicator. Therefore, this indicator will be able to 

identify the mark for each criterion. With the marks for criteria along with 

comparative scores for criteria, score for a factor will be received and by putting 

the scores for the factors to the tool more quantitative relative productivity 

assessment figure will be received.                                                                                                                                                                                                                     

 

Figure 5.1: Process of deriving of quantitative mark 

 

 

 

5.3 Identification of Measurable Criteria and Measurable Indicators 

When considering the method of marks getting for each factor, the score will be 

carried by the measurable criteria for each factor. Therefore, by going on 

literature, construction site visits and results of Activity Analysis different 

criteria that could measure each factor was identified. Finally, altogether 204 

measurable criteria were identified such that each factor will have more than a 

criterion to give a score to the factor. Though the measurable criteria are 

available a measurable score for each criterion will be given by the Measurable 

Indicator. Therefore, every measurable criterion has its measurable indicator. 

Measurable indicators are also identified by referring to literature, site 

observations done and Activity Analysis process. 
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5.4 Validation of Measurable Criteria and Indicators by Performing a 

Questionnaire Survey 

Since each factor has been identified with several measurable criteria, a 

questionnaire survey was done to validate those criteria and to identify the 

importance of them to a single factor. An online Questionnaire survey was 

distributed among Top management personals, Project managers, Site 

Engineers, Engineer Assistants and Technical officers in the construction 

industry. Altogether 45 responses were collected for the survey, and 

comparative score for selected measurable criteria for a factor was identified 

using the responses received. 

 

5.5 Related and Probable Cases for each Factor 

The selected Measurable Indicators have been benchmarked as follows so that each 

indicator gives maximum to minimum mark range according to the maximum and 

minimum marked assigned for the factor from the previous tool. The sources for the 

required data also have been identified to modify the sources and make it easy for users 

to identify the data required. The source general will be the overall data collected on-

site at the commencement of the project and will change some data at the milestones 

of the project.  

For the Initial Assessment, the first thing which was done is the identification of 

Measurable criteria and Measurable indicators. The following Table 9 will show the 

identified Measurable criteria for each factor and its Measurable indicator. Numbering 

for the factor will be given with the Capital letter assigned for each category as per the 

previous research, and each criterion is numbered as sub division of the factor. 

Measurable criteria are ranked among factor according to the responses received for 

the Questionnaire survey distributed among Industry Practitioners. Following Pie 

Chart shows the variation of responses according to personals involved in it. 
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Accordingly, the Measurable criteria were numbered according to the rank received 

among factor while the factors were ordered according to the rank received by each 

factor in the previous research. 

*45 responses from industry people were collected  

Table 5.1 presents the detailed measurable indicators, identified through experts 

opinion and literature review. Comparative score was calculated according to the 

survey responses. 

Table 5.1: Indicators for each main factor 

Factor and Measurable Criteria Measurable Indicator C
o
m

p
ar

at
iv

e 

S
co

re
 

R
an

k
 A

m
o
n
g
 

F
ac

to
r 

A)  Plant and equipment related 

factors    

A 1) Suitability or quality of plant, 

equipment and tools    

A 1.1)     Maintenance records Availability 0.27 1 

A 1.2)     Working hours per day Equipment usage per day 0.21 2 

A 1.3)     Quantity                                                          Available quantity 0.19 3 

A 1.4)     Working Capacity Acceptable working capacity 0.18 4 

A 1.5)     Available types                                                Sizes, Functions 0.16 5 

3, 7%
5, 11%

6, 13%

31, 69%

Variation in responses
Project managers/Top

management level

Site engineers more than 2

year Experience

Technical

offisers/Engineer

Assistants

Site engineers less than 1

year Experience

Figure 5.2: Variation of responses 



   Chapter V: Initial Assessment 

60 

 

A 2) Breakdown and damages to 

the equipment(machinery) and 

plant                    

 

  

A 2.1)     Equipment maintenance 

records 
Availability/Not 0.40 

1 

A 2.2)     Break down hours per week 

or per month 

Break down hours from daily 

reports 
0.35 

2 

A 2.3)     Breakdown frequency 
Number of Breakdowns per 

week 
0.26 

3 

A 3) Shortage/Inefficiency of tools 

and equipment    

A 3.1)     Quantity 

(Available/Required) 

Percentage available over 

requirement 
0.25 

1 

A 3.2)     Daily record on tool and 

equipment usage 
Availability and details 

0.19 2 

A 3.3)     Resources in the company                                 Grading of the company 0.18 3 

A 3.4)     Activity duration 
Activity duration from labor 

records 0.16 4 

A 3.5)     Categorization under 

activities (Resources) 
Categorized / Not 0.12 

5 

A 3.6)     Equipment ownership 

(Owned, Hired) 

Percentage of equipment 

ownership 0.10 6 

A 4) Effective Monitoring of plant 

and equipment utilization    

A 4.1)     Equipment maintenance 

records 

Maintenance record 

availability 
0.29 

1 

A 4.2)     Break down hours                                                
Break Down hours’ 

availability 
0.26 

2 

A 4.3)     Break down the frequency 
Break down frequency 

availability 0.26 2 

A 4.4)     Waiting time for equipment 
Delay of work records in the 

daily report 0.19 4 

 

B) Material related factors     

B 1) Unavailability of material/ 

Late deliveries of 

material/material supply    

B 1.1)     Stores records                                                      
Number of unavailable items 

recorded 
0.18 

1 

B 1.2)     Delay in material supply 
Delays in supply as per stores 

records 0.14 2 

B 1.3)     Work delays due to material Delay of work per week 0.13 3 

B 1.4)     Material wastage Percentage of wastage 0.13 3 

B 1.5)     Requests for material per 

day 

Number of times materials 

issued or requests 0.13 3 

B 1.6)     Material stock in working 

site 

Adequacy of material at the 

site 
0.12 

6 

B 1.7)     Extra amount of material 

storage 

Availability of inventory and 

number of days availability 
0.12 

6 
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B 1.8)     Trade wise material usage 

in the site per day 

Trade wise material issuing 

records availability 0.05 7 

B 2) Quality or suitability of the 

material    

B 2.1)     Material quality reports 
Quality adequacy by quality 

assurance 
0.46 

1 

B 2.2)     Reworks and errors due to 

material quality 

Reworks recorded in daily 

reports 0.32 2 

B 2.3)     Material wastage Wastage percentage 0.23 3 

B 3) Suitability of storage location    

B 3.1)     Distance to each material 

supply path Distance 
0.26 

1 

B 3.2)     Work delays due to material 

supply 

Delay of work records in the 

daily report 0.23 2 

B 3.3)     Amount of materials issued 

per day Issue quantity per day 0.22 3 

B 3.4)     Material and tool issuing 

procedure 

Number of documents per 

issue  0.16 4 

B 3.5)     Number of labor arrivals 

daily to the stores Number of Daily issuing 0.13 5 

    

C) Management related factors    

C 1) Communication between site 

management and labors    

C 1.1)     No: of Site meetings 
Number of meetings per 

month 
0.30 

1 

C 1.2)     Language proficiency of the 

staff 

Number of proficient 

languages 0.28 2 

C 1.3)     Instruction procedure 
Number of hierarchies in 

upward level at the site 0.21 3 

C 1.4)     Reworks and errors due to 

communication 

Number of reworks due to 

poor instruction 0.21 3 

    

C 2) Leadership qualities of the 

engineer and staff    

C 2.1)     Planning, decision making, 

and scheduling 

People-oriented or task 

oriented 0.14 1 

C 2.2)     Good Attitudes Level of attitudes 0.13 2 

C 2.3)     Negotiation while decision 

making 
Worse/ Acceptable 

0.13 2 

C 2.4)     Work crew handling Friendly / Normal / Strict 0.12 4 

C 2.5)     Correct decision making 
Number of reworks due to 

poor instruction 0.12 4 

C 2.6)     Inter personal skills 
Grading for interpersonal 

skills 0.11 6 

C 2.7)     Education background Educational qualification 0.10 7 

C 2.8)     Extra-curricular activities Number of activities 0.07 8 
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C 2.9)     Past records on performance 

(Progress/ Profit/ Losses) 

Past profit percentage, 

Variance percentage 0.07 9 

C 3) Construction manager’s 

ability to manage people and 

Project planning ability    

C 3.1)     Planning, decision making, 

and scheduling 
SPI, Number of reworks 

0.18 1 

C 3.2)     Profit margins of completed 

projects 

Profit margins of completed 

projects 
0.16 

2 

C 3.3)     Decision making 
Number of reworks due to 

poor instruction 
0.16 

2 

C 3.4)     Completed projects detail Level of Availability 0.15 4 

C 3.5)     Progress achieving the 

ability 

Project lagging time, CPI and 

SPI 
0.14 

5 

C 3.6)     Inter personal skills Level of interpersonal skills 0.14 5 

C 3.7)     Extra-curricular activities Number of activities 0.06 6 

    

C 4) Supervisory incompetence/ 

Instructions delay    

C 4.1)     Technical skill levels 
Professional qualification 

level 
0.26 

1 

C 4.2)     Inspection approving 

attempts 
Number of attempts 

0.24 2 

C 4.3)     Progress achieving Earned value ratio 0.22 3 

C 4.4)     Reworks due to errors Nature of reworks 0.17 4 

C 4.5)     RFI frequency RFI frequency per week 0.11 5 

C 5) Crew size and composition 

/Distribution of labor    

C 5.1)     Worker composition 

(Skilled/ Unskilled) 

Percentage of skilled and 

unskilled workers 
0.32 

1 

C 5.2)     Work for per unit or floor Labor requirement vs actual 0.23 2 

C 5.3)     Worker attendance Labor attendance 0.20 3 

C 5.4)     Trade wise worker amount 

in the site 
Trade wise worker percentage 

0.16 4 

C 5.5)     Crew size in trade wise Number in crew 0.10 5 

    

C 6) Reworks/Reworks due to 

construction errors    

C 6.1)     Progress delay Earned value 0.29 1 

C 6.2)     Reworks type/amount Amount due to rework 0.24 2 

C 6.3)     Inspection approving 

attempts 
Number of attempts 0.23 

3 

C 6.4)     Frequency of reworks per 

week/month 
Frequency 

0.23 3 

    

C 7) Sequencing problem in the 

schedule work    

C 7.1)     Progress delay Earned value ratio 0.27 1 
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C 7.2)     Inspection failure Number of failures 0.21 2 

C 7.3)     Reworks due to scheduling Delay due to reworks 0.21 2 

C 7.4)     Delays in critical activities 
Delay time in critical 

activities 
0.19 

4 

C 7.5)     Trade wise (Painting, 

plastering) Work delay 
Delay time in activities 

0.13 5 

    

C 8) Unrealistic scheduling and 

expectations of labor performance    

C 8.1)     Overtime hours 
Number of overtime hours 

allowed 
0.37 

1 

C 8.2)     Incomplete targets Earned value ratio 0.24 2 

C 8.3)     Base targets in each activity 

Percentage of direct work 

than the base level in detail 

assessment 0.20 3 

C 8.4)     Work was done in activity 

wise at the end of the day 

Average Work completion 

percentage than schedule 
0.19 

4 

C 9) Lack of periodic meeting with 

labor    

C 9.1)     Communication procedure 
Number of hierarchies in 

upward level 
0.30 

1 

C 9.2)     Number of site meetings Number of meetings 0.29 2 

C 9.3)     Attendance to the meetings 

(Supervisor/worker) 

Attendance percentage for 

meetings 0.26 3 

C 9.4)     Language proficiency of 

staff 

Number of proficient 

languages 
0.15 

4 

C 10) Inspection delay by 

authorities (Engineer/site 

manager)    

C 10.1)     Inspection delay between 

work completion and request 

Delay time between 

completion and request 
0.51 

1 

C 10.2)     Inspection time plan Availability 0.49 2 

    

C 11) Relationship between 

management and workers    

C 11.1)     Method to contact the 

managers to workers 

Number of hierarchies 

upwards 
0.37 

1 

C 11.2)     Number of meetings per 

month 
Number of meetings 

0.26 2 

C 11.3)     Access to the 

mobile/calling 
Accessibility by calls 0.19 

3 

C 11.4)     Contact detail of 

management availability on the site 
Availability of details 0.17 

4 

C 12) Coordination among design 

disciplines /site management 

coordination ability    

C 12.1)     Progress meetings 

frequency 
Frequency per month 

0.32 1 
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C 12.2)     No: of technical meetings Number of meetings 0.28 2 

C 12.3)     Hierarchy of the company 
Number of subordinates and 

levels 
0.27 

3 

C 12.4)     Delay in RFI Delay time 0.12 4 

C 13) Proportion of work 

subcontracted and unreliable 

subcontractors    

C 13.1)     Work percentages by sub-

contractors 
Percentage 

0.27 1 

C 13.2)     Sub-contractor’s capacity Grading 0.22 2 

C 13.3)     Possible works that can be 

delivered to the sub-contractors 

Value of work, Percentage of 

work 
0.20 

3 

C 13.4)     Trade wise worker force 
Number of workers in trade 

wise by labor records 0.20 3 

C 13.5)     No: of sub-contractor 

gangs 
Number of gangs 0.11 

5 

C 14) Stringent inspection by the 

engineer    

C 14.1)     Engineers’ involvement 
Number of documents need a 

signature 0.29 1 

C 14.2)     Meetings with officers and 

workers 
Number of meetings present 0.27 

2 

C 14.3)     No: of site visits Number of site visits per day 0.25 3 

C 14.4)     Instruction sessions per 

week by the engineer Number of sessions 0.19 4 

D) Manpower related factors     

D 1) Skill of labor    

D 1.1)     Skill level (Ability to read 

drawings, skilled tools) 
Professional qualifications 0.38 

1 

D 1.2)     Number of skilled labors Number of skilled labor 0.34 2 

D 1.3)     Labor composition Ratio to skilled and unskilled 0.28 3 

D 2) Labor experience    

D 2.1)     Experience of the labor Number of years 
0.56

9231 1 

D 2.2)     Project experience/work 

done records 
Number of projects worked 

0.43

0769 2 

D 3) Motivation of labor    

D 3.1)     Labor satisfaction Level of satisfaction 0.27 1 

D 3.2)     Earnings per activity level 0.27 1 

D 3.3)     Accommodation facilities    Level of accommodation 0.26 3 

D 3.4)     Site facilities Number of facilities 0.19 4 

D 4) Working overtime (provision 

of extra money after normal work    

D 4.1)     Over time rates Overtime premium 0.51 1 

D 4.2)     Overtime hours 
Number of hours allowed per 

day 0.49 2 
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D 5) Working for long periods 

without holiday/shift work    

D 5.1)     Shutdowns in the site Frequency 0.29 1 

D 5.2)     Holiday schedule in the site Level of schedule 0.28 2 

D 5.3)     Number of holidays for a 

labor 
Number of holidays 

0.24 3 

D 5.4)     Average working days for 

a labor 

Number of average working 

days 
0.20 

4 

D 6) Labor personal problems    

D 6.1)     Economic background Number employed in family 0.37 1 

D 6.2)     No: of family members Number of members 0.25 2 

D 6.3)     Family background 
Type of family (Extended, 

Nuclear) 0.24 3 

D 6.4)     Home town (Distance) Distance to home 0.14 4 

D 7) Workforce absenteeism    

D 7.1)     Attendance Attendance level 0.56 1 

D 7.2)     Number of holidays Number of leaves per month 0.44 2 

D 8) Walkouts or strikes    

D 8.1)     Number of walkouts and 

strikes 

Number of walkouts and 

strikes 
0.41 

1 

D 8.2)     Reassignments  Number of Reassignments 0.34 2 

D 8.3)     Attendance (For walkouts) Attendance level 0.26 3 

E) Motivational related factors     

E 1) Amount of wages/unfair 

wages of construction workers    

E 1.1)     Rates for labor categories Rates different to categories 0.43 1 

E 1.2)     Amount of wages Amount compared to industry 0.29 2 

E 1.3)     Working hours per day Number of hours working 0.29 2 

E 2) Accommodation    

E 2.1)     Accommodation capacity Provided capacity 0.52 1 

E 2.2)     Facilities Level of facilities provided 0.48 2 

E 3) Love and belongingness, 

labors recognition and respect    

E 3.1)     Complains from labors Number of complains 0.39 1 

E 3.2)     Labor background detail 
Availability and amount of 

details 0.36 2 

E 3.3)     Feedback on love and 

belongingness by labors 
Level of feedbacks 

0.25 3 

    

E 4) Incentive payments/bonus at 

the end of project or year    

E 4.1)     Salary increments  Salary increment frequency 0.51 1 

E 4.2)     Bonus amount for the labors Bonus premium or percentage 0.49 2 

E 5) Opportunity to undertake 

challenging tasks/targets, giving 

responsibility    
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E 5.1)     No: of work crew leaders Number of leaders 0.52 1 

E 5.2)     Base targets in each activity 
Direct work percentage from 

detail assessment 0.48 2 

E 6) Late payment of salaries and 

wages    

E 6.1)     Dates for salary Salary date announcement 0.36 1 

E 6.2)     Advances for the salary Salary advances offered 0.34 2 

E 6.3)     Number of delaying dates Number of delay days 0.30 3 

    

E 7) Lack of training sessions, 

recognition to the job    

E 7.1)     Number of training per year Number of trainings per year 0.60 1 

E 7.2)     Job description 

Availability of job 

description, assigned tasks, 

and level of details 0.40 2 

E 8) Medical care/health and 

safety provision    

E 8.1)     Medical facilities in the site Level of a medical facility 0.54 1 

E 8.2)     Health insurances for the 

workers Amount of insurance 0.46 2 

E 9) Lack of places eating and 

relaxation    

E 9.1)     Relaxation facilities and 

capacity 
Capacity provided 0.43 

1 

E 9.2)     Number of labors in the site Space received per labour 0.30 2 

E 9.3)     Wash room capacity 
Adequacy of capacity 

provided 0.27 3 

E 10) Job security (permanent job, 

job all the time, payment)    

E 10.1) Number of permanent 

workers 

The proportion of permanent 

workers 
0.44 

1 

E 10.2) Working years requirement 

for permanent 

Number of years required to 

be permanent 0.35 2 

E 10.3) Company policies 
Stability of company policies 

for job security 0.20 3 

E 11) Transport facilities for the 

workers    

E 11.1) Distance to the 

accommodations 
Distance 

0.35 1 

E 11.2) Transporting vehicles 

capacity 

Capacity provided with 

transport 
0.33 

2 

E 11.3) Transport allowance The amount for the allowance 0.32 3 

E 12) Competition with colleagues 

and project team    

E 12.1) Intensive payments for high 

performance 
Amount of incentives 

0.55 1 

E 12.2) Bill payments Amount payable 0.45 2 
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E 13)Social activity opportunities 

(sports and 

entertainment)/welfare condition    

E 13.1) Social activities Number of activities per year 0.38 1 

E 13.2) Number of Trips Number of trips per year 0.32 2 

E 13.3) Day outs/ Get together 
Number of day outs / Get 

together per year 0.30 3 

F) Technical related factors     

F 1) Technical ability and 

construction knowledge of 

engineer and staff    

F 1.1)     Professional qualification Level of qualification  0.34 1 

F 1.2)     Educational qualifications 

of the staff 

Level of education for 

uppermost level 0.28 2 

F 1.3)     Problem solving and issue 

identifying 

Minimized additional costs 

per month after progress 0.27 3 

F 1.4)     Reworks and errors quantity 
Number of reworks due to 

errors per week 
0.12 

4 

F 2) Technology employed and 

new project techniques    

F 2.1)     Technical manuals used in 

the site 

Number of manuals, Version 

of manual 
0.53 

1 

F 2.2)     Quality control methods 
Level of the quality control 

procedure 0.47 2 

    

F 3) Construction method used    

F 3.1)     Method statements 

availability 
Availability 0.58 

1 

F 3.2)     Changes in construction 

methods 

Number of reworks due to 

changes 0.42 2 

F 4) Incomplete drawings, missing 

details in drawings    

F 4.1)     Design changes Number of design changes 0.53 1 

F 4.2)     Number of RFI s per month Number of RFI per month 0.47 2 

F 5) Delay in responding to request 

for information (RFI)    

F 5.1)     Work delay due to delay in 

RFI 
Delay time 0.60 

1 

F 5.2)     Number of dates Number of dates for response 0.40 2 

    

F 6) Poor site layout and 

organization    

F 6.1)     Material delivery 

Time is taken to deliver 

material with in site at the 

request 0.31 1 

F 6.2)     Access to the site Width of the access road 0.30 2 

F 6.3)     Location of the concrete 

plant 
Distance to plant 

0.23 3 
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F 6.4)     Company policies on 

material request 

Number of documents gone 

for requesting 
0.16 

4 

F 7) Changes order by 

client/change order causing 

additional work/Alterations of 

schedule    

F 7.1)     Amount of additional works Amount 0.56 1 

F 7.2)     Number of changes in 

design and the scale 
Number of design changes 0.44 

2 

F 8) Alteration of design during 

project execution    

F 8.2)     Number of changes in 

design and the scale 
Number of changes 0.58 

1 

F 8.1)     Amount of additional works Amount or proportion 0.42 2 

G) Project Characteristics    

G 1) Quality control/standard and 

specifications    

G 1.1)     QA/QC practices during the 

construction 
Level of practicing of QA/QC 

0.29 1 

G 1.2)     Quality certificates 

achieved by the company 
Number of certificates obtain 0.28 

2 

G 1.3)     Number of quality control 

officers and staff 
Number of staffs assigned 

0.27 3 

G 1.4)     Errors and reworks in 

construction 

Number of reworks after 

inspection 
0.16 

4 

    

G 2) Working 

environment/insufficient lightning 

    

G 2.1)     Lighting condition Light condition 0.38 1 

G 2.2)     Working environment Working space adequacy 0.36 2 

G 2.3)     Availability of extra 

resources (Hand lights) 

Availability of extra 

resources 0.26 3 

G 3) Project complexity and design complexity/compatibility 

among documents   

G 3.1)     Advanced construction 

methods 
Advance method availability 0.28 

1 

G 3.2)     Scale of the project Project value 0.26 2 

G 3.3)     Project value Project value 0.25 3 

G 3.4)     Project duration Project duration 0.21 4 

G 4) Site condition, access, subsoil, 

topography    

G 4.1)     Sub soil condition Sub soil condition 0.36 1 

G 4.2)     Access Accessibility 0.33 2 

G 4.3)     Topography of the site 

location 
Terrain conditions 

0.30 3 

    

G 5) Site congestion/overcrowding    
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G 5.1)     Number of workers Number of workers 0.37 1 

G 5.2)     Number of Hoists and lifts Number of hoists and lifts 0.32 2 

G 5.3)     Material supply system 
Level of Material supply 

system 0.31 3 

G 6) Site layout    

G 6.1)     Location of the site Distance from entrance 0.57 1 

G 6.2)     Storage, Administration 

office Distance to stores and office 0.43 2 

H) Other factors    

H 1) Inclement weather/rain    

H 1.1)     Raining period 
Maximum raining period for 

the season 0.31 1 

H 1.2)     Current construction stage 

of the site 

Suitability of weather to 

current construction stage 
0.25 

2 

H 1.3)     Amount of rain Rainfall level 0.23 3 

H 1.4)     Type of works in the site 
Number of works affected by 

weather 0.22 4 

H 2) On-site accidents, stop work 

due to accidents    

H 2.1)     Number of accidents 
Number of accidents per 

month 0.53 1 

H 2.2)     Delays in the works due to 

accidents 
Delay time due to accidents 0.47 

2 

H 3) High temperature    

H 3.1)     Facilities provided to 

sustain against temperature 
Level of facilities provided 0.43 

1 

H 3.2)     Temperature value Temperature 0.31 2 

H 3.3)     Drinking water availability 

in the site 
Availability of water 0.26 

3 

H 4) Safety laws and their 

execution    

H 4.1)     Safety standards followed 
Level of following safety 

precautions 0.46 1 

H 4.2)     Number of accidents per 

month 
Number of accidents 0.28 

2 

H 4.3)     Safety awards achieved Number of awards achieved 0.26 3 

H 5) Inflation/fluctuation of 

material prices, interest rate/cost 

of capital    

H 5.1)     Inflation Rate of inflation 0.56 1 

H 5.2)     Variation in material price Range of variation 0.44 2 

H 6) Claim situation/high wind    

H 6.1)    Amount of works in exposed 

areas 

The proportion of exposed 

work 0.61 1 

H 6.2)     Wind speed Speed of wind 0.39 2 
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5.6 Contribution from Other Disciplinary Towards Worker Productivity- Fish 

Bone Diagram  

 

Figure 5.3: Contribution from other disciplinary towards productivity
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6. DETAILED ASSESSMENT 
 

6.1 Data Analysis of Activity Analysis 

Following colour codes were used to identify different activity categories, and 

it is carried out throughout the study 

Table 6.1: Number of workers observed per hour 
H

o
u
r 

T
il
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g
 

 P
ai

n
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n
g
 

P
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st
er

 

B
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ck
 W

o
rk

 

M
E

P
 

F
o
rm

w
o
rk

 

R
ei

n
fo
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em

e

n
t 

T
o
ta

l 

7:00-8:00 32 20 44 8 2 0 0 106 

8:00-9:00 63 61 80 55 12 13 38 322 

9:00-10:00 73 59 48 48 45 41 75 389 

10:00-11:00 60 21 17 6 26 18 39 187 

11:00-12:00 72 77 62 0 42 50 87 390 

Lunch 

1:00-2:00 55 36 44 8 28 26 51 248 

2:00-3:00 73 53 19 21 62 13 37 278 

3:00-4:00 38 21 22 12 19 0 17 129 

4:00-5:00 19 18 4 0 16 12 12 81 

Total 485 366 340 158 252 173 356 1601 

 

6.1.1 Activity Analysis Calculations 

Activity Percentage =

Day 1 Activity total + Day 2 activity total

+ Day 3 activity toatal + ⋯ .

Total Number of observations 
 

 

Total Activity Percentage 

Table 6.2: Activity categories and colour code 

  Category Colour code   

  Direct work     Direct work   
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  Preparatory work   

  Preparatory 

work  

  Tools / Equipment   

  Material handling   

  Waiting   

  Delay work  

  Travel / Walking   

  Personal   

  Rework   

  Out of sight    

 

Table 6.3: Trade wise Activity Analysis percentages 

 T
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P
a
in

ti
n

g
 

P
la

st
e
r 

B
lo

c
k

 W
o

rk
 

M
E

P
 

F
o

rm
w

o
rk

 

R
e
in

fo
rc

e
m

e
n

t 

Direct work  34% 52% 37% 46% 49% 29% 52% 

Preparatory  16% 15% 14% 13% 17% 21% 7% 

Tool & equipment  6% 1% 1% 0% 3% 0% 0% 

Material handle  9% 6% 16% 12% 1% 7% 6% 

Waiting 11% 5% 13% 8% 9% 37% 24% 

Travel/Walking  4% 5% 4% 2% 5% 1% 1% 

Personal  13% 15% 12% 18% 13% 1% 5% 

Rework  6% 1% 2% 0% 2% 0% 0% 

Out of sight  1% 0% 1% 1% 1% 4% 5% 

 

 

 



Chapter VII: Overall Productivity Improvement Tool 

73 

 

Table 6.4: Activity percentages under main categories 

 T
il

in
g

 

P
a
in

ti
n

g
 

P
la

st
e
r 

B
lo

c
k

 

W
o

rk
 

M
E

P
 

F
o

rm
w

o
rk

 

R
e
in

fo
rc

e
 

Direct work (%) 34 52 37 46 49 29 52 

Preparatory (%) 31 22 31 25 21 28 13 

Delay work (%) 35 26 32 29 30 43 35 

 

Tiling 

Total activity percentages - Tiling 

 

Figure 6.1: Tiling hourly activity percentage 

34%

16%6%
9%

11%
4%

13%

6%

1%

Category Percentage Total 

 Direct work 34% 34% 

 preparatory work 16% 

31% 

 Tools/Equipment 6% 

 Material handling 9% 

 Waiting 11% 

35% 

 Travel/ Walking 4% 

 Personal 13% 

 Rework 6% 

Out of sight 1% 
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Tiling is a special skilled work. Among the selected trades, it has the lowest direct 

work percentage.  

 Workers tend to get breakfast at the start of the day therefore personal time is 

high around that time 

 Preparatory time is also high at the start of the day. This is due to 

o  unavailability of material 

o Waiting for the supervisor 

 In the evening 3:00 pm - 4:00 pm the personal time is high due to  

o excessive time in tea breaks 

o Early quits and a late start in the tea. 

Painting 

Total activity percentages - Painting 

 

Figure 6.2: Painting hourly activity percentage 

52%

15%

2%

6%

5%5%

15% 1%

1%

Category Percentage Total 

 Direct work 52% 52% 

 preparatory work 15% 

23% 

 Tools/Equipment 2% 

 Material handling 6% 

 Waiting 4% 

26% 

 Travel/ Walking 5% 

 Personal 15% 

 Rework 1% 

  Out of sight 1% 
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1. Direct work percentage is high because almost all the painters are skilled workers. 

The skilled workers prepare the materials for them and work isolate even when 

they are in a crew. 

2. Delay time is high at the beginning of the day. 

 

Plastering 

Total activity percentages - Plastering 

 

 

Figure 6.3: Plastering hourly activity percentage 

37%

14%
1%

16%

13%

4%

12%
2%

1%

Category Percentage Total 

 Direct work 37% 37% 

 preparatory work 14% 

31% 

 Tools/Equipment 1% 

 Material handling 16% 

 Waiting 13% 

32% 

 Travel/ Walking 4% 

 Personal 12% 

 Rework 2% 

  Out of sight 1% 
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1. In the plastering trade to reduce the excessive material handling time material 

supply has to improve and provide sufficient scale of material preparing equipment 

2. The productive work time is high from 9:00 am to 12:00 noon. Preparatory time is 

high due to early quits of the works 

 

Block Work 

Total activity percentages – Block work 

 

 

Figure 6.4: Block work hourly activity percentage 

46%

13%
0%

12%

7%
2%

18%
1%

2%

 Category Percentage Total 

 Direct work 46% 46% 

 preparatory work 13% 

25% 

 Tools/Equipment 0% 

 Material 

handling 12% 

 Waiting 2% 

29% 

 Travel/ Walking 7% 

 Personal 18% 

 Rework 1% 

  Out of sight 2% 
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1. Workers tend to get breakfast at the start of the day therefore personal time is high 

around that time 

2. Providing a sufficient amount of blocks, cement, and sand to the site is very much 

important to reduce the non-productive time 

 

MEP Work 

Total activity percentages – MEP Work                                                              

 

 

Figure 6.5: MEP hourly activity percentage 

49%

17%

3%
2%

8%
5%

13%
2%

1%

 Category Percentage Total 

 Direct work 49% 49% 

 preparatory work 17% 

22% 

 Tools/Equipment 3% 

 Material handling 2% 

 Rework 8% 

29% 

 Travel/ Walking 5% 

 Personal 13% 

 2% 

  Out of sight 1% 
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1. Direct work percentage is high because the MEP works are sub-contracted to the 

separate companies, where the supervision is high. 

2. The non-productive time is much low at the start of the day when compared to the 

other trades because the supervisors have arranged the required thing before the 

start of the works. 

 

Form Work 

Total activity percentages – Form work 

 

 

Figure 6.6: Form work hourly activity percentage 

29%

21%

0%
7%

37%

1%
1%

4%

 Category Percentage Total 

 Direct work 29% 29% 

 preparatory work 21% 

28% 

 Tools/Equipment 0% 

 Material 

handling 7% 

 Waiting 37% 

43% 

 Travel/ Walking 1% 

 Personal 1% 

 Rework 4% 

  Out of sight 0% 
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1. At the start of the day, direct work percentage is high. Because formwork is a 

continuous work for floor to floor hence no much preparation from day to day other 

than preparation start of the work.  

2. After lunch workers get excessive time for relaxation, this may be because they 

work in the hot weather conditions during that time making it difficult to work. 

3. Overall direct work percentage is high with compared to the other trades 

Reinforcement 

Total activity percentages – Reinforcement 

 

 

 

Figure 6.7: Reinforcement hourly activity percentage 

52%

7%0%

6%

24%

1%

5%0%

5%

 Category Percentage Total 

 Direct work 52% 52% 

 preparatory work 7% 

13% 

 Tools/Equipment 0% 

 Material 

handling 6% 

 Waiting 24% 

35% 

 Travel/ Walking 0% 

 Personal 5% 

 Rework 5% 

  Out of sight 1% 
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At the start of the day, direct work percentage is high. Because formwork is a 

continuous work for a floor to floor hence no much preparation from day to day other 

than preparation start of the work. This may be because they work in the hot weather 

conditions during that time making it is a bit difficult to work. 

 

Average Non-Productive Time in Each Trade 

Table 6.5: Average non-productive time in each trade 

Trade Delay Work 

Percentage 

Daily Average Non-

productive Time 

Tiling 35% 8 * 0.35 = 2.88 hours 

Painting 26% 8 * 0.26 =  2.08 hours 

Plaster 32% 8 * 0.32 =  2.56 hours 

Block Work 29% 8 * 0.29 =  2.32 hours 

MEP Works 29% 8 * 0.29 =  2.32 hours 

*Assumed average working hours is 8 hours for a labourer excluding lunch time 

and tea times. 

 

Best Worker Crew Combinations 

Crew combination is defined as ration between skilled workers and unskilled workers 

within the crew. Based on the collected data following crew combination results were 

found. It cannot express that two skilled to one unskilled combination is optimum for 

all other site conditions, but the results imply it is suitable for this project structure.   

Crew combination is very important to optimize the productive time. The crew has to 

cover the daily wage and need to optimize the profit. The finding can be used to avoid 

excessive or fewer people within the crew. 

In tiling, plastering and block work trade it was found out, two skilled to one unskilled 

crew combination optimize the direct work percentage of the worker crews. Generally 

sub-contractor crew does not include unskilled workers due to less amount of 

preparatory works. 
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Table 6.6: Tiling worker crew combination 
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Table 6.7: Painting worker crew combination 
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Table 6.8: Plastering worker crew combination 
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Table 6.9: Block Work worker crew combination 
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6.1.2 Root Causes and Improvement Areas 
 

These are identified reasons for excessive work percentages in each category in the 

general scenario. The reasons were identified, and the responsible party for each root 

cause was identified in trade wise. 

Preparatory work has a connection to the productive works. Nevertheless 

excessive preparatory works should be avoided. Higher direct work percentage 

drives a high amount of work done at the end of the day.   

Activity analysis results can guide the low performing worker gangs to improve 

the performance. The bill payments will depend on the direct work percentage. 

Improve the direct work percentage. Reduce delay work percentage 

These are some identified reasons for excessive work percentages in each 

category in the general scenario. The reasons were identified, and the 

responsible party for each root cause was identified in trade wise. 

Following table 6.10 and table 6.11 show the responsible party for each 

excessive reason in trade wise. According to the results, it could be easily 

understood that a big part of responsibilities accounts to the workers and crew. 

Management and staff have a responsibility for the preparation time, Material 

Handling.   

 

Identify the Responsible Party for Root Causes 

Following tables show the responsible party for each excessive reason in trade 

wise. According to the results, it can easily understand a big part of 

responsibilities accounts to the workers and crew. Management and staff have a 

responsibility for the preparation time, Material Handling.   
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Figure 6.8: Responsibility breakdown 

Root Causes and Reasons 

Table 6.10:  Identified root causes and responsibility breakdown of management party 

  Management / Staff 

Excessive preparatory work   

• Lack of information (Drawings, dimension markings, Issues in setting out, to 

place height gauges) 

• Quality of completed works in stages (cleaning, defects Lack of cleanliness in 

bedding surface 

• Storing material in improper places (Covers the working places, have to remove 

due to disturbance) 

• Lack of instructions/information 

• Insufficient amount of material on the working floor 

• Lack of cleanliness in the working area 

• Previous work stop situation 

• Quality of completed works in stages (cleaning, defects) 

• Difficulty in reaching instructions 

Tools and Equipment   

• Bad practices in tool usage (Not using relevant personal protective equipment – 

goggles, gloves) 

• Lack of organization in tool handling 

• Low quality/ capacity of the equipment 

Root Causes & Possible Improvements

Management

Organization / Support

Contribution

Workers / Crew

Productivie Time

Consitency
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Material Handling   

• Insufficient amount of material on work place (on the floor level) 

• Low capacity of material preparing places 

Waiting  

 Waiting for the tools 

 Unavailability of materials in  the working floors 

• Wait for the supervisor to get instructions(morning, working time) 

• Insufficient tools in the site 

Personal Time   

 Lack of supervision 

 Bad work practices (Due to the dust – improper protection to the dust) 

Rework 

• Previous stage incomplete works – During the work finishing MEP works are 

damaged 

• Damages to the completed works from other activities 

 

Table 6.11: Identified root causes and responsibility breakdown of workers 

  Workers / Crew 

Excessive preparatory work   

• Lack of cleanliness in bedding surface 

• Storing material in improper places (Covers the working places, have to remove 

due to disturbance) 

• Cleaning the tools and material preparing equipment and places (Mixer and 

buckets) 

• Arranging the scaffoldings 

• Cleaning the material preparing buckets and tools (Scraper, Mixer) 

• Lack of work organizing skills of crew leader 

• Lack of Cleanliness in the working place  (Removing the mortar) 

Tools and Equipment   

• Lack of skills in tool usage (Cutting curves, tile cutting Grinder, Drill, Glue gun) 

• Use the tools frequently (not doing the things at once – lack of organization 

• Bad practices in tool usage (Not using relevant personal protective equipment – 

goggles, gloves) 

• Lack of organization in tool handling 

• Low quality/ capacity of the equipment 
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• Poor performance/skill by the worker when using equipment 

Material Handling 

• Lack of organization in material preparation 

• Storing material in improper places 

• Insufficient amount of material on work place 

• Low capacity of material preparing places and equipment 

Waiting  

• Worker crew combination (Skilled / Unskilled)- Most of the time unskilled 

workers are waiting  

• Lack of coordination between crew members 

• Wait for the supervisor to get instructions (morning, working time) 

• Lack of skills of unskilled workers (Unskilled labour have to get relevant skills 

to reduce waiting time) 

• Able to use the tile cutter 

• Mark the dimensions correctly 

• Able to use the grinder and cut curves on tiles 

• Able to place the mortar in the wall 

•  Fill the mortar for the hollows in another side of the wall 

• Lack of organization between works (Place the mortar, Finish the surface after 

drying, does not come to the working place at once) 

• Unavailability of materials in  the working floors 

Traveling /Walking 

 Travel for the breaks before the allowed time 

 Personal walks (Walking here and there) 

 Communication issues (Get the bill payments, Mark the work is done records) 

 To meet supervisor,  QS division, stores, Canteen, Labour camp 

 Improper material/tool in the site  

 Improper site layout  

 Communication issues 

Personal Time   

• Smart phone usage and unnecessary personal chats 

• After breakfast, they are relaxing 

• While sanding the applied paint laborers tend to relax frequently (Due to the dust 

– improper protection to the dust) 

• Drug addiction of the workers (Labors use some drugs during working hours) 

• Unnecessary chats (Personal) with crew members 
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• Smoking 

• Workers’ attitudes/culture 

• Extra time in tea and lunch breaks 

• Lack of supervision 

• Lack of instructions 

• Workers’ attitudes / culture 

Rework  

• Due to lack of skill in tiling tillers get two to three times to place one tile into the 

required level 

• Not achieve the required quality 

• Horizontal and vertical alignment of the wall 

• 90* degree in the edges and corners  

 

Preparatory work has a connection to the productive works. But excessive preparatory 

works should be avoided. Higher direct work percentage drives a high amount of work 

done at the end of the day.  Activity analysis results can guide the low performing 

worker gangs to improve the performance. The bill payments will depend on the direct 

work percentage. Improve the direct work percentage. Reduce delay work percentage. 

When the direct work percentage is low, it gets much time to complete a job that causes 

a delay in project completion. 

Activity analysis results can guide the low performing worker gangs to improve the 

performance. We can compare the wise gang performance with ideal situations as an 

example If the gang A complaining the profit margin is low, can prove the reason for 

that – Low direct work percentage  

 

 

 

 

 

 

 

Tiling Gang A 

Direct work – 50% 

Waiting – 15% 

Personal – 20% 

Tiling Gang B 

Direct work – 70% 

Waiting - 8% 

Personal – 10% 

Reason for the low profit – 

Low direct work percentage 
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Fish Bone Diagram for Excessive Non-Productive Time 

 

Figure 6.9: Root causes for excessive non-productive time 
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6.2 Sub-Contractor Assessment Framework 
 

Developed sub-contractor assessment is mainly a factor based assessment. It is 

reinforced with onsite data to cross check the performance and assessment value. 

Activity analysis results, crew wise errors and rework amount, attendance records and 

other available management records in different divisions in the site are connected to 

the sub-contractor assessment process in the productivity improvement tool. 

 

 

 

Figure 6.10: Developed sub-contractor assessment framework 

 

Figure 6.11: Comprehensive view of selected factors 

Performance

Productive time 
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Performance Skill Level 

Crew Factors Attitude 

Crew combination, Resourcefulness, Team 

work Effort, Team development, Learning 

curve, Management resources, Cohesion, 

Demotivates, Safety, Record keeping, 

Problem solving 

Initiative, Politeness, 

Counterproductive, Adaptive, 

Absenteeism, Motivation, Dedication, 

Consecutive days on work, 

Dedication, background  

Direct Work, Effective communication, 

Interpersonal relationship, Persistence, 

Creativity, Quality standards, Errors 

amount, Progress, Responsibility, 

Completing job tasks, Innovative  

Technical skills, Knowledge, 

Experience, Quality management, 

Problem solving, Leadership, Multi 

skills, Training,  
Analyzing skills, Communication 
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Suggested sub-contractor assessment mainly divided into four areas performance, skill 

level, crew factors, and attitude. It further elaborates in the table 6.12.Performance 

which includes crew productive time, work quality, work amount and progress are key 

suitable indicators in sub-contractor performance evaluation framework which is 

connected to the detailed assessment. Crew factors, attitude, skill level are the main 

areas in the framework. Under each main areas other suitable evaluation criteria are 

listed down as in the table 6.12. 

Table 6.12: Selected factors form literature 

Performance  

Time 

distribution  

Direct work, Preparatory work, Delay work [15], [73], [43], 

[74], [75], [76] 

Contextual 

 

 

 

Communication 

 Effectiveness 

 Interpersonal relation 

 Communication style 

Persistence / Dedication 

[71],  [72], [76], 

[82], [83],  [84], 

[85], [86], [87] 

Quality 

standards 

Completing job tasks (All the works), Working 

accurately and neatly 

Errors amount - Check according to the reworks 

records 

[71], [15], [47], 

[88] 

 

Progress Target completion records 

Taking responsibility 

[71], [77], [80], 

[88], [89], [90], 

[91], ,[92], [93] 

Crew Factors  

Crew 

combination 

–(Sk: Usk) 

Ability to provide extra people and machines, 

Teamwork and contribution, Age of team 

members, Leading peoples in the crew, 

Leadership,  

[71], [79], [77], 

[48], [94], [95], 

[96], [97] 

Team 

development 

skill 

 

Communication within the group, Plan the 

workers time distribution, Team spirit / 

Teamwork / Communication style, Team 

learning curve 

[71], [77], [78], 

[48], [91], [70], 

[93], [85], [98] 

[99] 

Management  

Knowledge/ 

Resources 

management 

Material and tools usage, Pay wages to the 

worker on time, Co-operation with management   

Obey the safety rules / Concern on safety 

[71], [78], [77], 

[47], [91], [92], 

[93],  

Cohesion Attraction to the group - Task 

Attraction to the group - Task 

[47], [81], [103] 
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Demotivates Receptiveness in team 

Personal problems 

[100] 

Attitude  

Attitude Initiative / Enthusiasm for the work in a crew, 

Attention to the work / Direct work, Concern in 

task delay and provide support, Number of 

consecutive days before bill and advance, Trust 

[71], [77], [47], 

[85], [95], [102] 

Counter 

productive 

Off-task behavior, Tardiness / Dislike 

Gossiping, Fighting and arguing with crew 

[71], [80] 

Adaptive 

performance 

Being flexible to other crews and company 

Understanding the project and its goal 

[71], [80], [95], 

[102] 

Attendance Too many or longer breaks, Attendance and  

unauthorized holidays, Accommodation place / 

House 

[71], [47], [80] 

Motivation Motivation, Consecutive days on work / 

Dedication, The effort to performance and 

outcome 

[71], [77] 

Skill Level  

Technical Job skill, Job knowledge, Improving knowledge 

Multi-skill, Job skill 

[71], [47], [77], 

[87], [101] 

Experience Experience /number of years  

Correct construction practices 

[78], [104], [47], 

[79],  [101] 

Quality 

management 

Work quality, accuracy, Knowledge and 

practicing of quality management, Audit of QMS 

by crew leaders 

[71], [78], [79], 

[76] 

Problem-

solving 

Face to the problems and overcome, Understand 

the problem of acting and communicating 

appropriately, Correct decision making 

[71], [78], [47], 

[87], [91], [92], 

[102] 

Innovative 

skills 

Innovative methods to improve the process and 

productivity, Adjusting plans to situation 

[71], [82], [87] 
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6.2.1 Sub-Contractor Performance Issues - Fish Bone Diagram  

 

Figure 6.12: Sub-contractor performance issues 



Chapter VII: Overall Productivity Improvement Tool 

95 

 

6.3 Errors and Reworks Reduction Framework Data Collection 
 

Analyzing the nature, frequent areas, and trends was identified as a key to minimize 

the repetitive errors. In a large construction site mainly high rise building construction 

projects most of the towers are having typical floors. In the framework which is a 

major part in detailed assessment, possible errors and reworks were identified under 

three main stages structural, masonry and finishing.  

Table 6.13:  Identified construction stages 

Structural stage    Reinforcement 

Formwork 

Concreting 

Masonry stage      Block work 

Plastering 

Finishing stage    Painting 

Tiling / Rendering 

MEP works 

 

Based on the layout of the data collected site frequent areas of errors were identified. 

Then staff members were informed about the frequent and critical errors as well and 

the possible places. It was contributed and helped to minimize the error amount in the 

project.  

Table 6.14:  Identified errors in structural stage 

           Error Frequent areas and places 

Missing / Incorrect positioning of  

starters 

Bathroom Krebs, Stiffness column 

Missing groves Kitchen, Bedroom electrical 

Horizontal and vertical alignment of 

columns/Shear walls 

Living area 

Missing service ducts (Electrical, 

Mechanical) / Required sizes 

Balcony ducts, Bathroom ducts 

Tie plate removing  Living area 
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Balance in Formwork (Pin walls 

/Stiffness columns) 

Lift wall, Bathroom cupboard 

Unraveling of concrete Balcony, Balcony shade, Living area 

Honeycombs of walls and columns / 

Expose of rebar 

Staircase, Stiffness column 

Concrete in unnecessary areas Balcony, BD wall 

Sealing cushions on concrete – 

excessively 

Duct openings, Stiffness column 

Incorrect SFL of slabs, Beams Balcony 

 

Table 6.15:  Identified errors in finishing stage 

 Error Frequent areas 

  
  
  
  
  
  
  
  

F
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Hollowness Bathroom,  Kitchen, Living 

area 

Horizontal and vertical leveling in 

wall tiling 

Bathroom, Kitchen 

Openings and cuts in correct 

positions 

Kitchen, Bathroom 

Straight lines in between tile joints Bathroom walls, Kitchen 

Damages to the tile edges Living area floor, Kitchen 

The level difference in lines and 

joints 

Living area, Kitchen floor 

P
ai

n
ti

n
g
 

90* degree in corners and edges Wall joints, Bends 

Completeness in sunk box edges 

and ceiling lines 

Living area, Bedroom 

Horizontal and vertical 

smoothness 

Living area 
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Table 6.16:  Identified errors in finishing stage 

 Error Frequent areas 

F
in
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h
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M
E
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Dimensions and correct 

positioning 

Door window, Pantry 

Missing Electrical points (Sun 

boxes) 

Bedrooms, Living area 

Engineering doors fitting Main door, Bedrooms 

Skirting line horizontality Living room, Bedroom 

Handrails finishing and protecting Balcony 

Bathroom fittings spacing, 

positioning 

Bathroom 

Door window placing and 

alignment 

Living area walls, Wall edges, 

bends 

 

6.3.1 Criticality and Frequency of Masonry Stage Errors 

Identified Error Amount in Masonry Stage are highlighted in the table 6.17 

highlights the frequent and critical errors in masonry stage. The average error 

amount per unit is shown as the frequency. Based on the suitability to calculation 

it was used the units such as square feet, length feet and no of times. 

Table 6.17:  Frequent and critical errors in masonry stage 

                Masonry Stage 

  Error Criticality Frequency Frequent places 

M1 

  

90* edges and corners 

  

  
90.85 L 

Feet 

  

Wall joints and bends 

  

Door window frame 

edges 

Fin wall edges 

          

M2 

  

Horizontality and 

Verticality 

  

  

172.8 ft2 

  

Soffit in living room  

  

Wall surfaces 

Around the sunk box 

plaster 

bedrooms 
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M3 

  

Hollowness and 

cracks 

  

  

6.15ft2 

  

Wall plaster 

  
Frequently in beam 

edges 

  
Top of door window 

reveals 

          

M4 

  

Dimensions 

  

  

9.3 times 

  

Door window openings 

  
Distribution board wall 

Bathroom door 

          

M5 

  

Skirting line 

  

  33.05 L 

Feet 

  

Living area 

  Bedroom 

          

M6 

  

Alignment/Positionin

g 

  

  0.6 times 

  

Distribution board wall 

panel board 

  Bedroom window frame 

          

M7 

  

Thickness 

  

  Two times 

  

Cupboard wall 

  Door frame 

          

M8 Reveil finishing   
10.05 L 

Feet 
Top reveal indoors 

          

M9 

  

Plaster completeness 

  

  22.5 ft2 

  

Beam plaster in the 

bedroom 

  Sunk box edges 

 

6.3.2 Error Mapping 

Here the aim is to link the errors to the next construction stage to identify the criticality 

of that error. This mentioned and developed process is need to slightly modify when 

apply to another project. Figure 6.13 shows how the impact of the each error in to other 

construction activities. 

 



Chapter VII: Overall Productivity Improvement Tool 

99 

 

 

Figure 6.13: Error mapping 
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7. OVERALL PRODUCTIVITY IMPROVEMENT TOOL 

7.1 First Version of the Tool 
 

Overall productivity assessment which was developed under two main section initial 

assessment and detailed assessment can be used separately and as well as a 

interconnected framework. Although frameworks are facilitated to use be used with 

paper works, the developed frameworks are incorporated into a template which can 

easily be plugged into a web tool. A digital form of the developed tools are capable of 

delivering many valuable information within less time. The main objective to integrate 

the tool into a tool is accessibility to large crowd and comfort in use.    

An initial version of the web-tool (“Enhancer”- enhancer.lk) was developed. The 

“Enhancer” tool can analyse the performance using a set of developer productivity 

tools. Furthermore, developed tool can suggest best practices according to the inserted 

data and information. It can work as a helping hand for productivity improvement. 

The structure of the productivity improvement tool is discussed in this chapter. First 

the user who are from different administration levels, can log into the tool. Figure 7.1 

is the front page of the tool and figure 7.2 is the login page.  

 

7.1.1 Login Page of the Enhancer Tool 

 

Figure 7.1: Tool front page 
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7.1.2 Authorization Levels in the Login 

 

Figure 7.2: Login page of the tool 

 

7.1.3 Overall Productivity Assessment 

When the user comes to the productivity assessment page he can select the sections 

that need to be assessed or rewiewed. User has the direct access into initial assessment 

or detailed assessment in the home page. 

 

Figure 7.3: Home page of the tool 
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7.1.4 Use Case Structure of the Tool 
 

Different kind of data sets are expected to be collected and need to insert in to the tool. 

The frequency of collecting data sets are,  

• One time for a site 

• Daily basis 

• Extracted from the existing data sheets through a simple interface  

Overall productivity improvement tool, there are many contributors who provide 

relevant data and information for the overall assessment. Developed productivity 

improvement tool can deliver valuable output information to make recommendations 

and decisions to improve the productivity. Figure 7.5 is structured the inputs and 

outputs of the tool. 

Following color code is used to indicate contributors, inputs and outputs 

 

Contributors  Inputs  Outputs 

     

 

In the developed tool, analyzed information are shared with different management 

levels based on the pre-defined authentication. Some level get only notifications while 

other authorized levels get detailed information.  Responsible management parties can 

take suitable decisions and actions based on the information produced by the tool. 

 

Figure 7.4: Proposed communication concept structure  
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Figure 7.5: Use case structure of the tool 
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7.2 Initial Assessment Process of the Tool 
 

Initial assessment is a questionnaire based assessment, which take less time for the 

complete assessment. Initial assessment is capable of,  

 Identify the issues and external factors that reduce workers’ productivity 

 Ensure the support from management for workers’ performance 

 Identify possible improvements within the site  

Since initial assessment is a questionnaire, through a simple interface, relevant data 

will be extracted to compare and validate the answers given in initial assessment 

questionnaire. E.g. Attendance in and out, Bill payments, Work progress – Work 

quality, daily and monthly progress, Errors and rework amount, Material amount used 

per activity wise, Material supply system. Site location and access, Labour quantity, 

Construction methods used 

 

7.3 Detailed Assessment of the Tool 
 

All the sections developed under detailed assessment were integrated in to the tool. 

Different section were provided for Activity Analysis based performance assessment, 

Sub-contractor assessment and Errors and rework assessment. 

 

7.3.1 Activity Analysis Based Performance Assessment 
 

Data input window- Figure 7.6 

The interface is developed to facilitate the Activity Analysis. Responsible staff 

members can insert the data into one 15 minute time interval time to time. At 

the same time Activity data for other sub-contractor crew in all the trades also 

can be inserted. Automated calculation will be happened after each data input 

Activity results in trade wise – Figure 7.7 

Trade wise Activity results and hourly Activity percentages are visualized in a 

separate window. All management layers can easily access to those results.  

Root causes and possible improvement time – Figure 7.8 

Root causes and possible improvements relevant to activity percentages, are suggested 

by the tool. Responsibility break down elaborated based on trade wise is also discussed 

in detail. 
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Figure 7.6: Data input page for Activity Analysis 
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Figure 7.7: Activity results for tiling trade 
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Figure 7.8: Root causes for an excessive non-productive time in trade wise 

 

7.3.2 Sub-contractor Assessment 
 

When the user directed in to the sub-contractor assessment window, it can be accessed 

to sections for summary, criteria, benchmarks and management records.  Sub-

contractor crew performance can be assessed using the tool. After the assessment tool 

will identify top performing teams, positive and negatives of other crews. The 

assessment is mapped to the crew wise management record to reinforce and validate 

the assessment. Figure 7.9 shows the home page of the sub-contractor assessment 

home page. 
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Figure 7.9: Sub-contractor assessment home page 
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7.3.3 Errors and Reworks Reduction Framework 

 

Errors and rework reduction framework were developed relevant to building 

construction projects. For the analysis identified three stages were incorporated into 

the tool structural stage, masonry stage and finishing stage. Similar to other 

assessments error and rework assessment also facilitated to be operated by authorized 

parties in the construction team. 

 

 

Figure 7.10: Home page of errors and rework assessment 

In the errors and rework reduction framework, user can access to the summary of the 

identified errors which is similar to figure 7.11. Using the buttons provide in front of 

each error title user, he can jump in to the error minimization guide. Then the resources 

(figure and recommendation) can be used to reduce the error amount. 
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Figure 7.11: Errors and reworks home page 

 

Figure 7.12: Summary of the identified errors and reworks 
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Figure 7.13: Data entry sheet for errors and rework quantification 

 

7.4 Capabilities of Overall Productivity Improvement Tool 
 

Ultimate objective of the tool is to improve the construction workers’ productivity. The tool is 

facilitated to reinforce the ultimate objective with following capacities and deliverables. 

 It can convert the data into valuable information through accepted research 

methods. More accurate information is very valuable for correct and timely 

decision making process. 

 Management can easily access to the results and findings. It can reinforce 

continuous monitoring mechanism. Have an easy reporting system even for 

complex data 

 Tool can accumulate valuable data, relevant to productivity, wastes and 

performance. Simply tool can serve as a helping hand to identify productivity 

issues and their root causes  

 Tool can deliver valuable data by interconnecting multiple data sources 
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7.5 Next Version of the Tool 

Productivity Improvement tool can be easily integrate in web based or software based 

platform. 

 

Figure 7.14: Next version of the tool 
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8. IMPLEMENTATION OF THE TOOL 
 

8.1 Initial Implementation Works Carried Out 
 

During the data collection period research finding were shared with the construction 

management team (GM, CEO, DGM Quality and Safety and Productivity). 

Presentation and a discussion were arranged at a two month time interval with above 

team members. Some initial implementation works were carried out after Activity 

Analysis are mentioned in the table 8.1. 

Table 8.1: Implementation works carried out using Activity Analysis based 

assessment 

11/06/2018 Activity Analysis results were submitted in a report 

08/11/2018 Two weeks study on tiling issues in one tower 

16/01/2019 Awareness presentation on productivity issues with other 

project teams 

27/01/2019 Designed posters on productivity for other projects 

 

8.2 Pilot Implementation in Tiling Trade 
 

At the end of the study period pilot implementation was done in tiling trade. After one 

month observation following issues were identified using the developed framework 

and recommendations were provided. Construction management team has 

implemented the recommendations within the site. 

According to the investigation and data analysis it was found out among the tiling 

worker crews, one skilled crew and one two skilled and one unskilled worker crews 

were more productive.  

When one skilled tiler is working in a house unit. It was taken 20- 22 days to complete 

the unit. When two skilled tillers and one unskilled worker are working – 8-10 days 

were taken 

 Assign continuous work and maintain the consistency of work. If they are assigned 

to unit 5, try best to assign the unit 5 in next time as well 

 Improve direct work percentages 

a. Adjustments to the tiling sequence. For example, first bathrooms then living 

and bedroom floors and finally the kitchen area 
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b. Skilled and unskilled worker combinations. One skilled worker gang and 

two skilled to one unskilled worker gang are the identified productive crew 

combinations 

c. Assign the work to the tiling workers based on their preference. Use different 

combinations like tile bedding and tiling or only tiling (Assign masons for 

tile bedding works based on the opinion and idea of the contractors) 

 Reduce the tile wastage 

a. Reduce the number of tile cuts by having an overall preplan about the tile 

requirement (number of full tiles, half tiles, corners etc.) 

b. Sub-contractors should be educated not to waste tiles and supervisors 

should be responsible to utilize the tiles 

c. Counting the number of tiles needed for unit wise to get the overall 

requirement 

 Improve the support from staff  

a. Ensure the completeness of pre-construction works – floor levels, chipping. 

Properly making ready the houses for tiling (Cleaning, Material supply, 

Finish the other works, Not disturbing to the tile works) 

b. Rectifying the defects - Can assign few masons to fix the errors and defects 

c. Sufficient amount of material delivery  

 

8.3 Proposed Implementation Method 

  

Figure 8.1 shows the proposed continuous productivity improvement process, 

expected to have using the tool. When it is going to implement the tool in particular 

site following adjustments and steps need to be followed. As per the figure 8.1 base 

model is developed. Second step is site sampling. Even tool has a strong data base, it 

need to be checked the tolerance between the bench marks and other guidelines with 

the new site conditions.  

After setting up the tool into the site conditions other step will guide the construction 

team for continuous improvement in productivity and performance. 
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Figure 8.1: Proposed continuous improvement process for productivity improvement 

tool 
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8.4 Productivity Improvement Officer 
 

In the implementation process it is recommended to assign a staff member, who will 

be responsible to reduce the waste, identify root causes and then take necessary actions 

to improve the productivity. The planned construction productivity improvement 

officer is certain to assume full responsibility for construction productivity 

improvement initiatives endlessly throughout the project’s life cycle, with an 

additional purposeful follow-up. The CPIO ought to be unconditional with the required 

power and management to effectively perform the tasks. The ultimate scope of labor 

of the CPIO and different workers must be outlined specifically for the individual 

project. 

Productivity improvement officer is need to be involved in the construction activities 

in the site. Figure 8.2 shows how it is need to be changed when the project proceeds. 

 

 

 

 

 

 

 

Amount of active leadership by CPIO 

Start of the 

project 

After few weeks 

End of the project 

Figure 8.2: Continuum of leadership shared between CPIO and crew leader  

Amount of active leadership by crew leader 
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9. CONCLUSION AND RECOMMENDATIONS 

The main idea of this research is an assessment of labour productivity in Sri 

Lankan construction sites. The importance of an assessment framework was 

discussed. Therefore, the current situation in labour market and identification of 

factors affecting to labour productivity were identified.  

So as to develop a framework and identify different requirements productivity 

improvement tool has been performed. Thereby the present situation in the 

construction industry with different trades could be identified and the 

observations and the results of it were helpful to identify the measurable criteria 

and measurable indicators for the framework. 

In the Initial Assessment relative productivity is measured from the 

measurement which will be given to the measurable indicator. Therefore, the 

indicator measurement will be the measurement of the criteria for identified 

factor which is then multiplied with comparative score resulting a measurement 

to the factor. Then that measurement along with the relative importance will 

provide the productivity measurement of the construction sites. 

In the Initial Assessment it highlights the contribution of other disciplines to 

workers’ productivity. It investigates the issues that cause to reduce the 

productivity of workers in different areas of construction. This will be helpful 

to improve the supporting activities of construction. 

When considering the measurable indicators for the framework the sources of 

information is identified and those sources will have to improve such that the 

information can be obtained with minimal time to the users of the framework. 

From the Detailed Assessment productivity improvements directly relevant to 

labourers and management are highlighted. Also, Detailed Assessment will be 

helpful in benchmarking the measurable indicators according to site conditions. 

More focus on trends and patterns of workers time duration on a day is highly 

helpful to identify root causes for the lag. Through identifying the root causes 

management can make decision to overcome those. Therefore, this approach can 

make a higher impact to the continuous improvement of labourers and staff. 
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More samples will give more reliable base conditions of the trade. Therefore, 

this can be used to monitor the performance very easily. Thereby Detailed 

Assessment will be very helpful to guide sub-contractors to have higher profit 

margins while increasing the direct work percentages and reducing delays. 

Further Detailed Assessment can lead to competitiveness between trades and 

also will able to identify optimum crew combination for work. 

Finally as a whole developed overall worker productivity improvement model can 

serve as a helping hand to improve the worker performance. It will further guide to 

continuous improvement in overall productivity as well. 

 

9.1 Effect of the Management of Tool Time 
 

As discussed in the Activity Analysis section, change in the management is affected 

for the tool time. The results in Table 9.1 is elaborated and conform it future.  

Table 9.1: Time distribution variation based on the management change 

 Management A Management B 

Direct Work 40.52% 50.33% 

Preparatory Work 15.56% 11.02% 

Tools/Equipment 3.52% 0.82% 

Material Hand 8.22% 14.16% 

Waiting 9.70% 5.82% 

Travel/ Walking 4.61% 2.14% 

Personal 13.75% 14.67% 

Rework 2.79% 0.54% 

Out of Site 1.34% 0.50% 

Total 100.00% 100.00% 
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Figure 9.1: Activity Analysis results of site A 

 

 

Figure 9.2: Activity Analysis results of site B 

As discussed in the results of Activity Analysis, management has the major 

contribution towards the direct work percentage of sub-contractors. Under 

Management A, the direct work percentage is 40.52% while it has a 50.33% direct 

work percentage under Management B. The change in variation in direct work amount 

is mainly caused due to preparatory amount and management has a higher 

responsibility to preparatory work. 
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9.2 Overall Recommendations for Productivity Improvement 
 

After developing all those research tools and frameworks it was implemented in the 

project. These are the points and facts that were observed in the purpose of improving 

productivity in the site. The recommendations were listed out and a few introductory 

sessions were carried out among staff and workers together and respectively.  

1. Sub-contractors management 

Sub-contractor management was identified as one of the key productivity 

improvement areas.  Following issues were identified. 

 Worker crew combination 

 Inconsistency in attendance of the workers 

 Inconsistency in performance 

 Lack of established sub-contractors in the site 

 Treating to the new sub-contractors 

Recommendations:  

In order to be profitable, it is essential to cultivate a culture of consistently high 

performing, sub-contractors. 

 Work allocation – Two or three days look ahead schedule needs to be prepared 

for sub-contractors. This will help the sub-contractors to organize their work 

schedules and provide their contribution accordingly 

 Worker distribution- supervisor should monitor proper work distribution of 

skilled and unskilled labourers. This is to ensure covering sufficient amount of 

daily work targets. Even though this is not a responsibility of the company staff, 

it will help contractor to perform better 

 Records Management - The responsible company staff member (supervisor) 

needs to monitor and keep records such as attendance, daily work completion etc. 

about the sub-contractors 

 Analyzing the contractor-wise performance by the staff officer 

a. Continuous improvement of the crew combination to obtain the best crew 

combination with the highest performance levels.  

b. Identification of crew wise errors and reworks quantities periodically  
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c.  Closely monitor the profitability of the sub-contractors – if they are 

heading towards a loss, it is essential to notify them early as possible to 

cover up the losses. That will motivate them to perform better.  

 Obtaining the optimum work cycle from fresh contractors – Achieving the 

optimum work cycle early as possible will lead to higher profits. Hence, assigning 

them the work with clear instructions and making them adjust to the rhythm 

gradually 

a. Tiling gang, initially might take 30 days for the completion of work. After 

completing 2 or 3 units, the completion cycle gets optimized to around 20 

days. Further, during the initial period incentives can be introduced on top 

of the agreed rates. This is to minimize their losses until they obtain the 

optimum work cycle. 

b. Frequent instructions, communication and closely monitoring until they get 

adjusted to the rhythm 

c. Maintain a consistency when assigning the works, if initially unit 5 

assigned, they need to assign the same unit as much as possible  

d. If the sub-contractor has to incur any losses due to the problems or delays 

which company is responsible (such as material un availability, site is not 

ready etc.), maintaining a contingency reserve to cover up their daily wages   

 Appreciation and rewards 

a. Incentives should be introduced to encourage high performances measured 

based on finishing work on time, within budget with the desired quality  

b. Developing a transparent scheme (which communicated to all the workers) to 

select high performing workers (best tiler, best painter etc.) and appreciate 

them in front of other workers, highlighting how they achieved it. This will be 

a motivation for others to perform better. 

 

2. Key Findings of the Activity Analysis - Less Trade-Wise Direct Work Amount 

During the activity analysis following issues were identified 

 Taking extra breaks and taking early breaks – taking breakfast at the site, 

excessive phone usage, leave for breaks early  

 After lunch work scheduled starts around 1:30 pm (excessive time in breaks) 
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 Loss of sub-contractors’ time due to delay in taking actions by the staff 

a. Incomplete MEP works 

b. Delays in material delivery 

Handing over the work to the next task after proper inspection without 

errors – and assign extra workers to get immediate rectifications 

Recommendations  

 In order to reduce the travel time and queues at canteens it is recommend to widen 

the canteen facility in the upper floor to accommodate the workers during the 

rush hours  

 Crew leaders should be responsible to bring the team to the site on time in the 

mornings and after the breaks 

 Taking immediate actions on issues and problems - If the contractors loose 

working hours, it will reflect in the bill as a loss.  

 When a unit is handed over for the sub-contractor, all the supportive works need 

to be completed 

 It is essential to calculate the material quantities properly for each work and it is 

required to ensure that the adequate quantities available at the site (It was 

frequently noted that due to the unavailability of materials, requirement was 

fulfilled from other floors. This impacts the progress of both the floors) 

e.g. - Number of tiles per unit and different tile sizes (2’x2’, 2’x1’, and 1’x1’) 

 

3. Problems in bill payment structure 

 The sub-contractor’s lack of understanding about the recording procedures of the 

work done leads to misunderstandings and confusions  

 Not having a consistency among all the staff members about work recording 

procedures 

Recommendations  

 Some of the supervisors are not fully aware about the standard procedure of bill 

rates and the calculation procedures when undertaking the remaining work. 

Therefore, it is essential to keep the supervisors educated about it. So that the 

supervisors can justify the amount paid in case of a confusion.   
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 A standard record book and charts to maintain the records of labors – Purpose of 

this to avoid confusions 

 Provide a simple printed bill including below information.  

a. Per head rate calculation 

b. Attendance of relevant month 

c. Transparency in bill payments  (printed bill with a specific note for the 

reduction on money, per head value calculation) 

This can be used to reduce the misunderstandings and misinterpretations 

among contractors and the company 

4. Quality of sub-contractors 

It was noted that some contractors with sufficient skills to perform a task 

 Inadequate organizing and team management skills 

 Inadequate technical skills 

 Not meeting quality and time targets 

Recommendations  

 Introducing a sub-contractor grading scheme (Please refer progress review 

presentation 3 about the proposed grading scheme for sub-contractors) 

 Using the same grading scheme to assess new sub-contractors  

a. Proper assessment of their past performance 

b. Assessment of skill level of the workers - Using the difficult tasks to be 

completed (e.g.: 90º edges in plastering, miter edge in tiling) 

c. Proper assessment of crew factors such as management skills, attitudes, 

innovative skills, team performance when grading them 

 Often laborers do not have a proper understanding of key points in quality. This 

increases the amount of rework. Hence, properly educating them about the 

concept of quality and achieving quality targets is essential  

 

5. Miscommunication among staff members and the laborers 

 Sub-contractors often not communicating about their work schedules and 

holidays 

 Inadequate pre-planning of construction works and lack of communication 

between workers who are assigned to the task and sub-contractors  
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Recommendations  

 Matching the supervisor to the trade 

a. Identify the suitability of supervisors for the work assigned 

b. Identify the drawbacks and performances of sub-contractors on trade-wise 

It is recommended to assign supervisors who have good social skills, with 

cost focus to the tiling trade, detail oriented supervisors to the plastering crew 

and hardworking, quality target oriented supervisors to the structural work 

(it is essential to avoid any reworks in this stage as it will be costly to rectify 

them. Eg. Plumb out of the shear walls, missing MEP grooves, missing 

reinforcement starters etc. 

 Flexibility in decision making 

a. Smooth adaptation of the new sub-contractors to the site by educating them 

about the ICC quality, safety, worker management structures, bill payment 

procedures and other practices.  

b. Allocating a time for new sub-contractors to adjust to the company culture -

This step is important as the sub-contractors who are coming from other sites 

adjusted to different working cultures and procedures. Therefore, it is 

essential to give them a time to get adjusted to the site 

c. It is important to welcome the new ideas and work routing proposed by the 

sub-contractors. Also it is important to accommodate their ideas whenever 

possible, otherwise it will lead to demotivation of sub-contractors and poor 

performances. Always better to go for a Win-win solution  

d. Establishment of conflict resolution mechanism – It is important to establish 

a conflict resolution mechanism and properly communicate them to the 

workers and sub-contractors  

 

6. Coordination among the staff members 

 Lack of clear vision about the complete project which can lead to lack of 

teamwork 

 Not getting sufficient inputs from different disciplines (such as MEP to Structural 

etc.) when delivering the outcome 
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 Balance works and reworks caused due to lack of coordination between different 

disciplines (handing over the work before completing them eg. MEP works)  

Recommendations  

 It was noted that the solutions recommended by the senior management may not 

address the issues as expected and the support from the supervisors is essential. 

Therefore, Getting the ideas from the supervisors when planning and scheduling 

to minimize the difficulties  

 Keeping site engineers and supervisors informed about the progress  

 Improving the communication mechanisms of the senior management.  

 When discussing site matters and problems, it is required to keep everyone aware 

that all of them are part of the same team and giving the constructive feedback 

part of the continuous improvement process.  

 

7. Lack of Organization of the Site 

 Storing material in improper places resulted from poor site layout planning   

 Unavailability of adequate tools and breakdown 

 Assigning suitable people for the tasks as to match their worker performance 

Recommendations  

 The suitable storage places need to be selected considering less damage to material 

and tools and less disturbance to the working area 

 Proper estimation of the crew ratio which based on the required time periods for 

different trades is essential to ensure continuous work flow.   

o Tilers : Painters : Plastering 

 Proper pre-planning with a proper idea about the nature of the activities (required 

quality, the methods of material delivery, contractors allocation, days to complete 

the works etc.) and organizing the activities with the big picture in mind to ensure 

proper work flow. This is step is essential to keep the safety, quality and schedule 

targets in a higher level. 

 

8. The Attitude of The Lower Management Staff 

 Lack of appreciation of the laborers for the work done 
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 Less focus on developing the skills and working capacity of the laborers at below 

hierarchy level 

 Lack of discussion and less communication between lower management staff and 

laborers. This is mainly resultant from the attitude issues of the management staff. 

When laborers are not convinced about the solutions they do not take the 

ownership of the work carrying out.  

 Lack of focus and motivation on the methods of saving money to the company 

o Not motivating workers to implement strategies like “ Let’s do it first time” 

o Thorough and careful supervision to prevent errors 

 Lack of understanding about the big picture and shared vision 

 Lack of continuous improvement of the staff  

Recommendations  

 As the role of workers is very important in achieving set targets, it is necessary to 

pay more attention to identify their real issues and provide any help as required 

 It is important to give the credit to the workers when necessary to make them own 

the work. If contractors get succeeded, many people will be benefited from them 

 When trying to implement strategies such as “Let’s do it first time” it is important 

to clearly communicate and direct the laborers on the ways to achieve that. Display 

posters given in Annex at the public places. 

 Importance of career planning of the staff members who are in the lower levels of 

the hierarchy and taking efforts to improve the flow of knowledge and experience 

sharing  

 Everyone should encourage to perform better and create a working culture 

 

9. Top Management Involvement in Site Matters and Inspection 

 Frequent visits of top management personnel to the sites and monitoring of 

progress is identified as one motivator for the middle management and lower 

management. Moreover, this will help the top management to understand the real 

situation at the sites  

 Lack of application of new technology and innovative methods for track the 

progress (it is hard to track back and difficult to visualize using the tools developed 

in MS Excel) 
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 Top management by passing the middle management and directly approaching the 

lower levels, creates a confusion among the bottom level workers and will lead to 

dissatisfaction of middle level managers. Sometimes, different information sources 

will disturb the continuous work flow. 

 Giving less attention to the opinions of junior management when making decisions 

and plans 

Recommendations  

 Always better to push the management staff to achieve the highest performance 

levels, as most of the time workers trying to perform within a safe margin 

o If focus is to achieve 3 floors, target should be given as 4. At the same time 

capacity should be developed to meet that target 

 It is better to keep the communication channels from top management to the 

bottom level through the middle level management and keep them in the loop of 

the information flow  

 Appreciation of the middle level management and giving them the due recognition 

 It is important to explore the application of new technologies to the site 

management. Furthermore, the ERP systems need to enhance with the project 

management module. So that top management can track the site progress and stay 

up to date. 

10. Errors and Reworks due to Lack of Instructions, Details and Supervision 

 Pre-planning and identifying the risks that can occur 

 Identify the possible errors and reworks that may occur 

 Not having  a database of errors and reworks 

Recommendations  

 Prepare clear and structured instructions notices 

 Enhance the input of QA/QC team to deliver quality work. It is essential to 

convince the required quality to the staff as well as workers 

 The engineer should have the mindset of consultant and should try to minimize 

the errors and achieve the quality 

 Maintaining a database of errors and reworks (For a sample template please refer 

progress review 2) 

 Displaying designed posters for error reduction (Please refer annex) in public 

places 
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APPENDIX A – Developed Productivity Improvement Posters 
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Designed Posters for Error Reduction 
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APPENDIX B – Factor Based Initial Assessment Benchmarking 

 

The selected Measurable Indicators have been benchmarked as follows such that each 

indicator gives maximum to minimum mark range according to the maximum and 

minimum marks assigned for the factor from the previous tool. Further, the sources for 

the required data have been identified to modify the sources and make it easy for users to 

identify the data required. The source general will be the overall data collected on-site at 

the commencement of the project and will change some data at the milestones of the 

project.  

Benchmarked Levels of Measurable Criteria and Data Source 

Measurable 

Indicator 

Data 

Source 

  

  

A 1) Suitability or quality of plant, equipment, and tools 

Next service 

dates, 

Functionality, 

Age General 

Available 

for all 

Available 

for larger 

Tools and 

Equipment 

Available 

for few 

Not 

Availabl

e 

  

Equipment 

manual 
General 

More than 

8hrs 

less than 8 

hrs 

8 to 5 hrs 5 to 2 hrs less 

than 2 

hrs 

  
General 

More than 

Required 

As required Adequate 

level 

Few None 

Equipment 

manual 
General 

More than 8 

hrs 

8 to 4 hrs 4 to 1 hrs 1hr to 

30mnts 

less 

than 30 

mins 

Sizes, Functions 
General 

In all size In required 

size 

Adequate 

size 

Few sizes None 

A 2) Breakdown and damages to the plant and equipment(machinery) 

Availability/Not 

General 

Available 

for all 

Available 

for larger 

Tools and 

Equipment 

Available 

for few 

Not 

Availabl

e 

  

Break down 

hours from daily 

reports 

Mainten

ance 

records 

No loss Below 2 

hours 

2-5 hours 5 - 10 

hours 

More 

than 10 

Breakdown 

frequency 

Mainten

ance 

records 

None 1 2 3 More 

than 3 

A 3) Shortage/Inefficiency of tools and equipment  
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Number of tools 

available and 

requirement 

Stores 

records 

100% 100%-80% 80%-70% 70%-

60% 

Less 

than 

60% 

Inefficiencies 

and shortages 

found 
Daily 

report 

Available 

with More 

details 

Available 

with 

substantial 

detail 

Available 

with few 

details 

Availabl

e  

Not 

availabl

e 

Grading of the 

company General 

CS2 CS1 C1 C2 C3 or 

lower 

Activity duration 

from labor 

records 

Labor 

records 

More than 

8hrs 

less than 8 

hrs 

8 to 5 hrs 5 to 2 hrs less 

than 2 

hrs 

Categorized / 

Not General 

Categorized Not       

Supplier 

payments 

Procure

ment 

Owned Leased Hired     

A 4) Effective Monitoring of plant and equipment utilization 

Maintenance 

record 

availability 
General 

Available 

for all 

Available 

for larger 

Tools and 

Equipment 

Available 

for few 

Not 

Availabl

e 

  

Break Down 

hours’ 

availability General 

Available 

with details 

Available  Not 

Available 

    

Break down 

frequency 

availability General 

Available Available  Not 

Available 

    

Delay of work 

records in the 

daily report 

Daily 

report 

No waiting Below 5 

minutes 

Less than 

10 minutes 

Less than 

30 

minutes 

More 

than 30 

minute 

B 1) Unavailability of material/ Late deliveries of material/material supply 

Number of 

unavailable 

items recorded 

Stores 

records 

None Less than 2 Less than 5 Less than 

10 

More 

than 10 

Delays in supply 

as per stores 

records 
Stores 

records 

None Below one 

day 

1 - 2 day 2 - 3day More 

than 

three 

days 

Delay of work 

records in the 

daily report 

Daily 

report 

None Below 1 

hour 

1 - 2 hour 2 - 3 hour More 

than 3 

hour 

Percentage of 

wastage General 

None less than 

4% 

Less than 

10% 

More 

than 10% 

  

Number of 

requests from 

records 

Stores 

records 

1 to 2 3 to 5 6 to 10 More 

than 10 
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Adequacy of 

material at the 

site General 

More than 

Required 

Required 

Amount 

Adequate 

amount 

None   

Availability of 

inventory 
General 

For more 

than seven 

days 

Less than 

seven days 

Less than 

three days 

One day None 

Trade wise 

material issuing 

records 

Store 

records 

More details 

available 

Required 

details 

available 

Available 

with few 

details 

None   

B 2) Quality or suitability of the material 

Quality 

adequacy by 

quality assurance General 

More than 

required 

quality 

As required Acceptable 

quality 

Not 

Acceptab

le 

  

Reworks 

recorded in daily 

reports 

Daily 

report 

None 1 2 3 More 

than 3 

Wastage 

percentage General 

None less than 

4% 

Less than 

10% 

More 

than 10% 

  

B 3) Suitability of storage location 

Distance General 

less than 

10m 

Less than 

20m 

Less than 

30m 

Less than 

50m 

More 

than 

50m 

Delay of work 

records in the 

daily report 

Daily 

report 

None Less than 

30 mints 

less than 

1hr 

Less than 

2hr 

Less 

than 5hr 

Issue quantity 

per day 

Stores 

records 

Higher High Moderate Less Lesser 

Number of 

documents per 

issue General 

None 1 2 More 

than 2 

  

Number of Daily 

issuing 

Stores 

records 

less than 10 Less than 

20 

Less than 

25 

less than 

30 

More 

than 30 

C 1) Communication between site management and labors 

Number of 

meetings General 

None 1 2 3 More 

than 3 

Number of 

proficient 

languages 
General 

Three 

languages 

with writing 

Three 

languages 

Two 

languages 

with 

writing 

Two 

language

s 

One 

languag

e with 

writing 

Number of 

hierarchies in 

upward level General 

1 2 3 More 

than 3 

  

Number of 

reworks due to 

poor instruction 

Daily 

report 

None 1 2 3 More 

than 3 

C 2) Leadership qualities of the engineer and staff 
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People-oriented 

or task oriented 
General 

Cognitive 

style 

Being 

Person-

oriented 

Being Task 

oriented 

No effect   

Level of attitudes General Good Acceptable Bad     

Worse/ 

Acceptable General 

Good Acceptable Bad Worse   

Friendly / 

Normal / Strict General 

Normal Friendly Strict     

Number of 

reworks due to 

poor instruction 

Daily 

reports 

None 1 2 3 More 

than 3 

Grading for 

interpersonal 

skills General 

Higher High Moderate Less Lesser 

Educational 

qualification General 

Charted 

Eng. 

BSc Diploma NVQ 

level 

  

Number of 

activities General 

Highly 

involved 

Actively 

participate 

Moderate Participat

ive 

Do not 

Past profit 

percentage, 

Variance 

percentage General 

Excellent Good Ordinary Bad   

C 3) Construction manager’s ability to manage people and Project planning ability 

Earned value, 

Number of 

reworks 

site 

status 

report 

Greater than 

1.1 

1.1-1 1-0.9 0.9-0.8 less 

than 0.8 

Profit margins 
General 

More than 

8% 

8%-6% 6%-3% 3%-0% Loss 

Number of 

reworks due to 

poor instruction 

Daily 

reports 

None 1 2 3 More 

than 3 

Level of 

Availability 

General 

Available 

with more 

detail 

Available 

with 

adequate 

details 

Available 

with 

acceptable 

detail 

Not 

Availabl

e 

  

Project lagging 

time, Earned 

value ratio 

site 

status 

report 

Greater than 

1.1 

1.1-1 1-0.9 0.9-0.8 less 

than 0.8 

Level of 

interpersonal 

skills General 

Higher High Moderate Less Lesser 

Number of 

activities General 

Highly 

involved 

Actively 

participate 

Moderate Participat

ive 

Do not 

C 4) Supervisory incompetence/ Instructions delay 

Professional 

qualification 

level 
General 

Degree Diploma NVQ level No 

higher 

educatio

n 
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Number of 

attempts 
quality 

reports 

First attempt Second 

attempt 

Third 

attempt 

More 

than 3 

  

Earned value 

ratio General 

Greater than 

1.1 

1.1-1 1-0.9 0.9-0.8 less 

than 0.8 

Number of 

reworks 

Daily 

reports 

Less Defect Acceptable 

defect 

High Error Severe 

error 

  

RFI frequency 
General 

None 1 2 3 More 

than 3 

C 5) Crew size and composition /Distribution of labor 

Number of 

skilled and 

unskilled 

workers 

Labor 

records 

3 to 2 3 to 1 2 to 1 1 to 1   

Labor 

requirement vs 

actual 

Labor 

records 

More than 

required 

As required Acceptable Not 

Acceptab

le 

  

Labor attendance Labor 

records 

100% 100%-90% 90%-85% 85%-

80% 

Less 

than 

80% 

Trade wise 

worker 

percentage 

Labor 

records 

More than 

20% 

Less than 

20% 

less than 

15% 

Less than 

10% 

less 

than 5% 

Number in crew 

Labor 

records 

More than 

75 

 50 -75 25 - 50 Below 25 Below 

25 

C 6) Reworks/Reworks due to construction errors 

Earned value 

site 

status 

report 

Greater than 

1.1 

1.1-1 1-0.9 0.9-0.8 less 

than 0.8 

Amount due to 

rework 

Daily 

reports 

Higher High Moderate Less Lesser 

Number of 

attempts 
quality 

reports 

First attempt Second 

attempt 

Third 

attempt 

More 

than 3 

  

Frequency 
General 

None 1 2 3 More 

than 3 

C 7) Sequencing problem in the schedule work 

Earned value 

ratio 

site 

status 

report 

Greater than 

1.1 

1.1-1 1-0.9 0.9-0.8 less 

than 0.8 

Number of 

failures 

quality 

reports 

None 1 2 3 More 

than 3 

Delay due to 

reworks 
Daily 

reports 

None Less than 

4hrs 

less than 1 

day 

less than 

2 days 

More 

than 2 

days 

Delay time Daily 

reports 

Less than 1 

day 

Less than 3 

days 

Less than 5 

days 

Less than 

10days 

More 

than 10 

days 
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Delay time in 

activities 
Daily 

reports 

Less than 1 

day 

Less than 3 

days 

Less than 5 

days 

Less than 

10days 

More 

than 10 

days 

C 8) Unrealistic scheduling and expectations of labor performance 

Number of 

overtime hours 
labor 

records 

None Less than 

2hr 

Less than 

3hrs 

Less than 

5 hrs 

More 

than 

5hrs 

Earned value 

ratio 

Site 

status 

report 

Greater than 

1.1 

1.1-1 1-0.9 0.9-0.8 less 

than 0.8 

Percentage of 

work than base 

level 

Site 

status 

report 

More than 

50% 

50%-45% 45%-40% 40%-

30% 

Less 

than 

30% 

Work 

completion 

percentage 

Site 

status 

report 

100% 100%-95% 95%-85% 85%-

80% 

Less 

than 

80% 

C 9) Lack of periodic meeting with labor 

Number of 

hierarchies in 

upward level General 

1 2 3 More 

than 3 

  

Number of 

meetings General 

None 1 2 3 More 

than 3 

Attendance 

percentage for 

meetings General 

100% 100%-95% 95%-85% 85%-

80% 

Less 

than 

80% 

Number of 

proficient 

languages 
General 

3 languages 

with writing 

3 languages 2 

languages 

with 

writing 

2 

language

s 

1 

languag

e with 

writing 

C 10) Inspection delay by authorities (Engineer/site manager) 

Delay time 

between 

completion and 

request 

Daily 

reports 

None 1 hour 2 hours More 

than 2 

  

Availability General Available Not       

C 11) Relationship between management and workers 

Number of 

hierarchies 

upwards General 

1 2 3 More 

than 3 

  

Number of 

meetings General 

More than4 3 and 4 2 1 None 

Accessibility by 

calls 
General 

Available at 

any working 

time 

Available 

at permitted 

time 

Not 

Available   

    

Availability of 

details 

General 

All details 

available 

Only 

required 

detail 

available 

Few details 

available 

No detail   



Chapter VII: Appendices 

 

151 

 

C 12) Coordination among design disciplines /site management coordination ability 

Frequency 

General 

None Less than 1 

day 

2 days 3 days More 

than 3 

days 

Number of 

meetings General 

3 2 1 None   

Number of 

subordinates and 

levels General 

1 2 3 More 

than 3 

  

Delay time General 3 2 1 None   

C 13) Proportion of work subcontracted and unreliable subcontractors 

Percentage 
General 

Full Less than 

75% 

Less than 

50% 

Below 

50% 

  

Grading 
General 

C1 C2 C3 Below 

grading 

  

Value of work, 

Percentage of 

work General 

More than 

50Mn 

Less than 

50Mn 

Less than 

10Mn 

Less than 

1 Mn 

Less 

than 

0.5Mn 

Number of 

workers in trade 

wise by labor 

records 

Labor 

Records 

More than 

100 

50 - 100 Below 50 None   

Number of gangs 
General 

More than 

100 

50 - 100 Below 50 None   

C 14) Stringent inspection by the engineer 

Number of 

documents need 

signature General 

1 2 3 More 

than 3 

  

Number of 

meetings present 

Daily 

Report 

More than 3 3 2 1 None 

Number of visits General More than 3 3 2 1 None 

Number of 

sessions General 

More than 2 2 1 None   

D 1) Skill of labor 

Professional 

qualifications 
General 

NVQ 

Qualified 

CIDA 

trained 

Highly 

trained/Ski

lled 

Skilled   

Number of 

skilled labors 
Labor 

records 

More than 

65% 

65%-55% 55%-45% 45%-

40% 

less 

than 

40% 

Ratio to skilled 

and unskilled 

Labor 

records 

3 to 2 3 to 1 2 to 1 1 to 1   

D 2) Labor experience 

Number of years Labor 

Records 

More than 5 2-5 years 1 – 2 years Below 6 

months 
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Number of 

projects worked 

Labor 

Records 

More than 4 2 - 4 Project 1 project None   

D 3) Motivation of labor 

Level of 

satisfaction General 

Higher High Moderate Less Lesser 

Wage General Higher High Moderate Less Lesser 

Level of 

accommodation General 

Separate 

rooms 

separate 

beds 

Platform  Floor 

mats 

Worse 

Number of 

facilities General 

Higher High Moderate Less Lesser 

D 4) Working overtime (provision of extra money after normal work 

Overtime 

premium General 

Satisfied Acceptable General Not 

satisfied 

  

Number of hours 
Labor 

Records 

More than 4 2 – 4 hours 2 hours None   

D 5) Working for long periods without holiday/shift work 

Frequency 

General 

less than 25 

days 

25days 26 days 27 days More 

than 27 

days 

Level of 

schedule General 

Available Not       

Number of 

holidays General 

More than 4 

days 

2 – 4 days 1 – 2 days None   

Number of 

average working 

days General 

Below 28 

days 

23 – 28 

days 

28 – 30 

days 

30 days   

D 6) Labor personal problems 

Number 

employed, 

Wages 

Labor 

records 

More than 4 4 3 2 1 

Number of 

members 

Labor 

records 

2 3 to 4 5 6 to 7 More 

than 7 

Type of family 

(Extended, 

Nuclear) 

Labor 

records 

Extended Nuclear       

Distance to home Labor 

records 

Less than 

10km 

less than 

20km 

less than 

50km 

less than 

100 km 

More 

than 

100 km 

D 7) Workforce absenteeism 

Attendance 
Labor 

records 

Higher High Moderate Less Lesser 

Number of 

leaves 

Labor 

records 

None 1 2 More 

than 2 

  

D 8) Walkouts or strikes 



Chapter VII: Appendices 

 

153 

 

Number of 

walkouts and 

strikes General 

None 1 2 More 

than 2 

  

Number of 

Reassignments General 

None 1 2 More 

than 2 

Lesser 

Attendance  General Higher High Moderate Less Lesser 

E 1) Amount of wages/unfair wages of construction workers 

Rates different to 

categories 

General 

Available 

for all trades 

Available 

for some 

trades other 

than sub 

cont 

Available 

for sub 

cont trades 

only 

Availabl

e for few 

trades 

Not 

Availab

le 

Amount General Higher High Moderate Less Lesser 

Number of hours 

working 

Labour 

Records 

8 hrs 10hrs 12hrs More 

than 12 

  

E 2) Accommodation 

Provided 

capacity 
General 

For all For Distant 

workers 

For Direct 

workers 

More 

than 50% 

workers 

For 

Selecte

d  

Number of 

facilities 

provided General 

Higher High Moderate Less Lesser 

E 3) Love and belongingness, labors recognition and respect 

Number of 

complains 

Labor 

records 

None Few General Frequent   

Availability and 

amount of details 
Labor 

records 

High 

Availability 

Moderate 

Availability 

Less 

Availabilit

y 

Only 

required  

None 

Number of 

feedbacks 

Labor 

records 

Good  Average None Bad   

E 4) Incentive payments/bonus at the end of project or year 

Increment 

amount in salary, 

Salary increment 

frequency General 

Each Year 2 yrs 3 yrs 5 yrs More 

than 5 

yrs 

Bonus premium 

or percentage General 

More than 2 

times 

2 times 

salary 

1 time 

salary 

Fixed 

amount 

None 

E 5) Opportunity to undertake challenging tasks/targets, giving responsibility 

Number of 

leaders 

Labour 

records 

3 2 1 None   

Proportion of 

work done 

relative to target 

Labour 

records 

More than 

50 

50-45 44-40 39-35 Lesser 

than 35 

E 6) Late payment of salaries and wages 
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Salary date 

announcement 

General 

Fixed date 

available 

Will 

announce 

on start of 

month 

will 

Announce

d after 2 

weeks 

Will not 

announce

d 

  

Salary advances 

offered 
General 

Available At 

request 

Available 

every 

month 

Available 

on selected 

months 

Not 

available 

  

Number of delay 

days 
General 

None 1 Day 2 days 3 days More 

than 3 

days 

E 7) Lack of training sessions, recognition to the job 

Number of 

trainings per year General 

3 2 1 Will have No 

raining 

Availability of 

job description, 

assigned tasks, 

and level of 

details General 

Available 

with specific 

full details 

Available 

with fixed 

details 

Not 

available 

    

E 8) Medical care/health and safety provision 

Level of medical 

facility 

General 

Available of 

MC with 

trained 

Medical 

personnel 

Available 

of MC 

Availabilit

y of fully 

equipped 

first aid 

box 

Availabl

e with 

first aid 

box 

None 

Amount of 

insurance General 

Over 1 Mn 1Mn- 

0.5Mn 

0.5Mn-0.1 

Mn 

Less than 

0.1Mn 

None 

E 9) Lack of places eating and relaxation 

Capacity 

provided 

General 

Separate 

Place for all 

Separate 

place to eat 

for all 

separate 

place to eat 

for without 

congestion 

Provided 

space  

None 

Number of 

laborers at site 

Labor 

Records 

More than 5 5 3 1 Lesser 

than 1 

Adequacy of 

capacity 

provided General 

More than 

Required 

Required 

level 

Adequate 

level 

Less   

E 10) Job security (permanent job, job all the time, payment) 

Proportion of 

permanent 

workers 

Labour 

records 

All All with 

More than 

1yr 

All with 

more than3 

Only 

selected 

Lesser 

Number of years 

required to be 

permanent General 

More than 1 More than 2 More than 

3 

More 

than 5 

More 

than 10 

Stability of 

company bond General 

High Moderate None     

E 11) Transport facilities for the workers 
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Distance 

General 

Below 1km More 

than1km 

More 

than2 km 

More 

than 3km 

More 

than 

5km 

Capacity 

provided with 

transport General 

For all For direct 

workers 

for distant 

ones 

None   

Amount for the 

allowance General 

Daily 

allowance 

Monthly 

allowance 

No 

allowance 

    

E 12) Competition with colleagues and project team 

Number of 

intensives or 

premium 
Labour 

Records 

Provided 

highly for 

targets 

Provided 

for 

mentioned 

targets 

Provided 

for special 

situation 

None   

Amount payable 

General 

More than 

1Mn 

More than 

0.5Mn 

More than 

0.3Mn 

More 

than 

0.1Mn 

Lesser 

than 

0.1Mn 

E 13)Social activity opportunities (sports and entertainment)/welfare condition 

Number of 

activities General 

More than 5 More than 3 2 1 None 

Number of trips General More than 2 2 1 None   

Number of day 

outs / Get 

together General 

More than 2 2 1 None   

F 1) Technical ability & construction knowledge of engineer and staff 

Level of 

qualification 

General 

Available 

with other 

qualification  

Available 

with few 

other 

qualificatio

n  

None     

Level of 

education 

General 

Post 

Graduate 

with more 

than 10yrs 

exp 

Bsc with 

more than 

10yr exp 

Bsc with 

more than 

2 yrexp 

Diploma 

level 

NV 

level 

Amount 

minimized by 

additional costs 

From 

Enginee

r/Daily 

report 

More than 

1Mn 

More than2 

Mn 

More than 

0.5 Mn 

Less 

Than 0.5 

Mn 

None 

Number of 

reworks due to 

errors 

Daily 

Report 

None 1 2 3 More 

than 3 

F 2) Technology employed and new project techniques 

Number of 

manuals, 

Version of 

manual General 

Use more 

than 2 

2 1 None   
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Level of quality 

control 

procedure General 

Higher High Moderate Less Lesser 

F 3) Construction method used 

Availability 

General 

Available 

even at site 

Available 

for every 

activity at 

office 

Available 

for some 

activities 

Availabl

e on 

request 

None 

Number of 

reworks due to 

changes 

Daily 

report 

None 1 2 3 More 

than 3 

F 4) Incomplete drawings, missing details in drawings 

Number of 

design changes General 

None 1 2 3 More 

than 3 

Number of RFI 

per month General 

None 1 to 3 4 to 7 7 to 10 More 

than10 

F 5) Delay in responding to request for information (RFI) 

Delay time 

Daily 

report/S

ite 

status 

report 

None 1day 2days 3 to 5 

days 

More 

than 5 

days 

Number of dates 

for response 
General 

None 1day 2days 3 to 5 

days 

More 

than 5 

days 

F 6) Poor site layout and organization 

  

General 

Before half a 

day 

Before one 

hr 

Before 

30mnts 

At work After 

comme

ncemen

t 

Wide of access 

road 
general 

More than 

7m wide 

More than 

6mwide 

More than 

5m wide 

More 

than 4m 

wide 

Lesser 

than 4m 

wide 

Distance to plant 

General 

No need of 

plant 

less than 

200 m 

less than 

500m 

less than 

1 km 

More 

than 

1km 

Number of 

documents gone 

for requesting 

General

/Stores 

record 

1 2 3 4 More 

than 4 

F 7) Changes order by client/change order causing additional work/Alterations of 

schedule 

Amount 

Daliy 

reports/

Site 

Status 

report 

None Less than 

1% of 

project 

value 

less than 

3% 

Less than 

10% of 

project 

value 

More 

than 

10% of 

Project 

value 

Number of 

design changes 

Daily 

report 

None 1 2 3 4 
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F 8) Alteration of design during project execution 

Number of 

changes 

General 

None Less than 

1% of 

project 

value 

less than 

3% 

Less than 

10% of 

project 

value 

More 

than 

10% of 

Project 

value 

Amount or 

proportion 

Daily 

report 

None 1 2 3 4 

G 1) Quality control/standard and specifications 

Level of 

practicing of 

QA/QC General 

Higher High Moderate Less Lesser 

Number of 

certificates 

obtain General 

More than 3 3 2 1 None 

Number of staffs 

assigned 
General 

More than 

required 

Up to 

requiremen

t 

Few None   

Number of 

reworks 

Daily 

report 

None  1 2 3 More 

than 3 

G 2) Working environment/insufficient lightning 

Light condition 

Site 

Status 

report 

Higher High Moderate Less Lesser 

Working space 

adequacy By staff 

Excellent Adequate Acceptable Bad   

Availability of 

resources 
General 

Available 

More than 

Adequate Available 

at 

acceptable 

Availabl

e on 

request 

Not 

availabl

e 

G 3) Project complexity and design complexity/compatibility among documents 

Advance method 

availability General 

Higher High Moderate Less Lesser 

Project value, 

Floor area 
General 

Less than 

100 Mn 

More than 

100mn 

More than 

300 Mn 

Less than 

1 Bn 

More 

than 1 

Bn 

Project value 

General 

Less than 

100 Mn 

More than 

100mn 

More than 

300 Mn 

Less than 

1 Bn 

More 

than 1 

Bn 

Project duration 

General 

Less than 1 

yr 

More than 

1yr 

More than 

2 year 

Less than 

5 Years 

More 

than 5 

years 

G 4) Site condition, access, subsoil, topography 

Sub soil 

condition General 

Good Moderate Poor     

Accessibility 
General 

Main A 

class road 

Main road Sub urb 

road 

Gravel 

road 

Separat

e road 
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Terrain 

conditions General 

Flat Hilly       

G 5) Site congestion/over crowding 

Number of 

workers 
Labour 

Records 

More than 

250  

100 - 250 50 - 100 Below 50   

Number of hoists 

and lifts General 

More than 

required 

As required Acceptable 

level 

None   

Level of Material 

supply system 

By 

Enginee

r 

Excellent Good Acceptable 

level 

Bad   

G 6) Site layout 

Distance from 

entrance 
General 

Less than 

20m 

More than 

20 m 

More than 

50m 

less than 

100m 

More 

than 

100m 

Distance to 

stores and office General 

Less than 

20m 

More than 

20 m 

More than 

50m 

less than 

100m 

More 

than 

100m 

H 1) Inclement weather/rain 

Return period Daily 

report 

less than 1 hr more than 1 

hr 

More than 

3hr 

Less than 

8 hrs 

More 

than a 

day 

Suitability of 

weather to 

current 

construction 

stage 

Site 

status 

report 

Internal 

Finishes 

only 

Finishes Structural Sub 

structure 

  

Rainfall 
Daily 

report 

Higher High Moderate Less Lesser 

Number of 

works affected 

by weather 

Daily 

report 

None 1 2 3 More 

than 3 

H 2) On site accidents, stop work due to accidents 

Number of 

accidents 

Daily 

Reports

/Site 

Status 

report 

None 1 2 3 More 

than 3 

Delay time 

proportion due to 

accidents 

Daily 

Report 

less than 1 hr more than 

1hr 

More than 

2hr 

less than 

a day 

More 

than a 

day 

H 3) High temperature 

Number of 

facilities 

provided General 

High Moderate Less     

Temperature Daily 

Report 

Below 25° 25° to 30° 30° to 35° Above 

35° 
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Availability of 

water 

General 

Water from 

NWSDB to 

every floor 

Water from 

NWSDB to 

few floors 

Water for 

every floor 

from a site 

well 

Water for 

few 

floors 

from a 

site well 

Remote 

H 4) Safety laws and their execution 

Level of 

following safety 

precautions General 

Higher High Moderate Less Lesser 

Number of 

accidents 

Daily 

report/S

ite 

Status 

Report 

None 1 2 3 More 

than 3 

Number of 

awards achieved General 

More than 2 2 1 None   

H 5) Inflation/fluctuation of material prices, interest rate/cost of capital 

Rate of inflation General Higher High Moderate Less Lesser 

Range of 

variation 

Stores 

Records 

High Moderate Less     

H 6) Claim situation/high wind 

Proportion of 

exposed work 
General 

None  Below 

25%  

25% to 

50% 

More 

than 50% 

More 

than 

50% 

Speed of wind 
Daily 

report 

Higher High Moderate Less Lesser 
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APPENDIX C – Activity Analysis Detailed Category Work Definition 

Three Categories 

 Direct Work 

 Supportive Work = Preparatory Work + Tools and Equipment + Material Handling 

 Delay  = Waiting + Travel + Personal 

 General Activity Identification 

D
ir

ec
t 

w
o
rk

 

                

All physical productive work 

Picking up or laying down plumb bob, speed level, towel while doing the works 

Taking or marking up measurements immediately before performing direct work 

Holding tools, equipment, materials, or parts that are necessary for performing direct 

work 

Putting on or taking off gloves, belts, safety packs 

Cleaning or putting away tools and safety equipment during or after the completion of a 

task 

Necessary work area clean up or personal clean up, during or after the completion of a 

task 

Necessary supervision and direction of other crew members or technicians (e.g., 

directing an equipment operator when backfilling a trench) 

Reading prints or instructions before performing complex  

P
re

p
ar

at
o

ry
 W

o
rk

 

Getting equipment 

       - Getting tools or equipment from a location outside the immediate work area 

       - Searching for tool or equipment at any of the above location 

Equipment travel 

        -Traveling outside of the immediate work area with tool or equipment 

        -Transporting tools or equipment to or from the area of the task assigned 

Getting material 

       -Getting materials or parts from a location that is outside of the immediate work area 

Material travel 

      -Traveling outside of the work area with or for materials or parts 

Planning 

      -Receiving, giving, writing, or interpreting instructions 
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M
at

er
ia

l 
H

an
d
li

n
g
 Transportation of materials from one part of the facility to another, not including items 

moved in the general area of the task or into their final position 

Ineffective Material Handling Activities - (Zhang 2008): 

Waiting for Materials, Searching for Materials, Double Handling, Improper 

Storage, Workforce Materials Congestion, Surplus/Waste/Housekeeping, 

Improper Positioning of Toolbox 

W
ai

ti
n

g
 

Equipment delay 

    -Waiting for tools or equipment (must be ready and available for work) 

    -waiting in line at a tool room window 

    -waiting for another crew or technician to finish using tools or equipment 

    -a long period searching for tools or equipment 

Material delay 

    -waiting for another crew/technician to deliver materials 

    -a long period searching for materials 

Crew delay 

    -Wait while other crew members assigned to the same task work 

    -an ironworker up on the steel waits for a crew member to “sling” a beam 

    -crew members stand by while another member receives instructions from a 

supervisor 

    -a helper stands by while a millwright refurbishes a pump 

Supervisor delay 

    -Wait for instructions to begin, continue, or complete the task assigned 

    -waiting to be assigned or lined out 

    -waiting for permits or waiting to be signed off the task 

Miscellaneous delay 

    -waits for reasons not related to any other delay activity 

    -waiting for elevator 

    -attending safety meeting, department meeting, or another kind of site meeting 

    -meet with supervisors to discuss vacation, review, or personal matters 

    -changing cloths that have become contaminated 

    -personnel or vehicle security checks 

    -delays that cannot be identified 

    -waiting for a weld, material, or equipment to cool 

T
o
o

ls
 

an
d
 

eq
u
i

p
m

e

n
t 

Obtaining, transporting, and adjusting tool or equipment in preparation for performing 

direct work 
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T
ra

v
el

 

Walking or riding either empty-handed or without tools, materials, or technical 

information 

-traveling empty-handed 

-traveling with drawings, prints, or work packages 

-traveling between tasks with tools or equipment that form part of the tasks 

-traveling to or from breaks and lunch  

P
er

so
n
al

 

Breaks; shower and wash up the allowance, rest 

  -rest 

  -smoke breaks 

  -unauthorized breaks 

  -visit the rest room 

  -personal conversation not related to the assigned task  

  -late starts and early quits 

  -personal clean-up time, either before lunch or at the end of the shift 

  -a technician working on an unauthorized personal task 

This category excludes normal breaks and lunch periods 
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APPENDIX D – Sub-Contractor Framework Criteria Ranking Questionnaire 

 

 

This is to weigh the criteria to assess the sub-contractors performance.  

 

Layer One Weightings 

Please weigh the main four categories which assess the sub-contractor performance. 

Provide a percentage on each criterion based on the affectability. 

Category Weightage 

1. Performance 100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0% 

2. Crew 

Factors 

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0% 

3. Attitude 100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0% 

4. Skill Level 100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0% 

 

Performance

Productive 
time on work

Contextual

Quality 
stardards

Progress(Targe
t completion)

Crew factors

Crew behavior

Management

Cohesion

Demotivatives

Attitude

Attitude

Counterprodu
ctive

Adaptive 
Performance

Work 
consistency

Motivatrion

Skill level

Technical

Experience

Quality 
management

Problem 
solving/Decision 

making

Innovative skills

Sub-Contractor Evaluation Framework 

Layer 1 

Layer 2 
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Layer Two Weightings 

Please weigh the sub factors under each main category which assess the sub-contractor 

performance. 

1. Performance 1.1 Average  Productive time on work 5 4 3 2 1 

1.2 Contextual performance 5 4 3 2 1 

1.3 Quality standards – Errors and reworks 5 4 3 2 1 

1.4 Progress (Target completion) 5 4 3 2 1 

2. Crew factors 2.1  Crew behavior 5 4 3 2 1 

2.2 Team development  5 4 3 2 1 

2.3 Management 5 4 3 2 1 

2.4 Cohesion 5 4 3 2 1 

2.5 Demotivates 5 4 3 2 1 

3. Attitude 3.1 Attitude 5 4 3 2 1 

3.2 Counterproductive behavior 5 4 3 2 1 

3.3 Adaptive behavior 5 4 3 2 1 

3.4 Work consistency 5 4 3 2 1 

3.5 Motivation 5 4 3 2 1 

4. Skill level 4.1 Technical skills 5 4 3 2 1 

4.2 Experience 5 4 3 2 1 

4.3 Quality management 5 4 3 2 1 

4.4 Problem solving   / Decision making 5 4 3 2 1 

4.5 Innovative skills 5 4 3 2 1 
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APPENDIX E – Error Survey Observation Sheet in Masonry Stage 
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