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Abstract

Construction sector is an unorganized industry and the output mainly depends on the productivity of the construction
workers. Pune is one of the fastest-growing cities and mainly growing vertically upward. Two projects of high-rise
buildings were identified. After a pilot survey, data were collected from 45 construction workers. Four groups of
topmost 13 factors considering interlinking of factors were formed. A strong correlation was observed between
security and the PPE provided by the employer in group no I. Musculoskeletal problem with the worker is also one of
the major problem and workers having an inadequate facility like medical, canteen and wash places also play a
significant role. In this study, same the factors were considered for men and women but for more specific results, a
separate study shall be carried out.
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1.Introduction

In the Construction sector, productivity is mainly addressed by the output of labours and equipment.
But the contribution of labour productivity is at a higher level as compared with the other. At
present nearly 52 million labours are working in the construction sector in India. The skill level of
those workers is not up to the mark as no formal training/education is provided to them by the
employer. Due to this, they will get the required skills only through their work experience. In India,
Maharashtra and Gujrat is having maximum labour productivity and the lowest is for the states like
Odisha & West Bengal. Data were collected from two sites of High rise building construction
projects. Due to COVID-19, limited participants from two were considered. Fifty-five factors were
identified and data were collected from 45 construction workers partially by questionnaire and
interviews. Through this study, a strong and weak correlation was identified by making four groups
of interlinking factors. Regression analysis was carried out for the same groups. By referring to the
correlation obtained through this study, improvement in the respective area can lead to improving
labour productivity.

2. Literature survey
Construction Labour Productivity (CLP) is one of the most significant factors which plays a vital
role in the profitability of any organization. Due to this most of the researchers focus on the same
area. But the labour productivity is influenced by a multitude of factors and found that excessive
overtime and delay in the material cause a major impact on CLP Anu V. Thomas and J.
Sudhakumar,(2014). According to Surabhi Sengar,(2020), The productivity and reliability of any
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system or process depend on the satisfactory functioning and performance of the components
involved in that process. This is reflected in the reliability analysis of various complex engineering
systems during the research work done. Work management which includes managers abilities and
continuity in work plays important role in labours productivity than the component like the
capability of workers and difficulty in the execution of the work Homyun Jang,(2009). According to
the results obtained in Canada, temperature and height play a significant role in labour productivity.
Those two parameters are followed by the type of work. Osama Moselhi and Zafar Khan,(2009). In
Malaysia, the study shows that factors like 1. labours work experience,2. Job Category 3.Skills 4.
Marital status & age,5. Nationality & training & education plays a vital role in influencing
Construction Labour Productivity. Mohammed Hamza Momade,(2020).

In Saudi Arabia, the study is carried out by using Al techniques like 1.Multilayer perceptron neural
network (MLPNN),2. Support vector machine (SVM), 3.General regression neural network
(GRNN), 4.Multiple additive regression trees (MART) shows that the MART method is more
superior to the others. MART & GRNN methods can be adopted for calculating CLP for 1.Steel
fixing 2.Concrete pouring & 3.Finishing and formwork assembly work respectively Ehab A.
Mlybari,(2020).CLP with high accuracy can be simulated by SVM & RF. For both, the model's
probability distribution is more than 90%. The result obtained shows that advanced machine
learning methods can be useful for predicting Construction Labour Productivity. Mohammed
Hamza Momade,(2020).

In Canada, for predicting formwork labour productivity for High Rise Buildings, various ANN
techniques were used. These include including 1.General Regression Neural Network (GRNN),
2.Backpropagation Neural Network (BNN), 3.Radial Base Function Neural Network (RBFNN), 4.
Adaptive Neuro-Fuzzy Inference System (ANFIS). The analysis shows that BNN provides better
results as compared to others. Sasan Golnaraghi,(2019). Decision Making Trial and Evaluation
Laboratory (DEMATEL) method for data analysis and found that 1.level of skill,2. Project size,3.
experience 4.communication problems with foreign workers are the most important factors which
affect labour productivity in building construction projects in Australia. Farnad Nasirzadeh, (2020).
According to the literature survey, it is concluded that adequate welfare facilities are not provided
by the employer to the labours. Rahul S.Chaudhari (2020).

Following figure no 1 shows several factors considered for the respective study by the researchers.
It is observed that for most of the studies the factors considered are less than 50 as the filtration of
the questions was carried out in the pilot survey.
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Figure No.1 Factors considered for modelling labour Productivity & Details of participants
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Also, Figure No 1 represents details of participants in the study.

In most of the studies, the participants based on their experience, age, type of project, nature of
work & position in the organization.

In India, it was found that(Hemanta Doloi,(2011) critical factors like lack of commitment,
inefficient site, management, poor site coordination, improper planning, lack of clarity in project
scope, lack of communication & substandard contract plays important role in lowering productivity.
If material management is implemented on the multi-story building construction site, then the
labour productivity will get improved. Argaw Tarekegn Gurmu,(2018).

For data analysis, various tools like ANN, BIM, SPSS, SVM & RF, FUZZY, Microsft Excel was
adopted. In some studies, manual calculations also carried out by the researchers.

It was observed that nearly 45% & 15% of researchers preferred SPSS & ANN for the analysis. The
details are given in Figure No 2.
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Figure No 2 Percentage of software and other methods adopted for analysis & various methods
used for data collection.[1 to 21]

Also, Figure No 2. Gives details about the different methods adopted for data collection. It was
concluded that nearly 45% of researchers preferred questionnaires for data collection. Nearly 15%
preferred Interviews for data collection. Other than the analysis of CLP, another analysis was
carried out by the researchers like Model validation, Sensitivity analysis, Reliability analysis,
Regression analysis & Analytic Hierarchy Process (AHP). Model validation is carried out by nearly
55% & regression analysis by 45%.
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Figure No 3. Details about various analyses carried out by researchers.

The case of the multilinear model gives more predictable results (82.31%) and the correlation
coefficient (R%) was calculated as 97.15%. the values calculated are commensurate with actual
data. Yasser S. Nassar,(2018).

2.1 Methodology:

Following Methodology is adopted for the work (refer Fig No.4)
ANALYSIS OF FACTORS AFFECTING CONSTRUCTION ]

LABOUR PRODUCTIVITY
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Fig No.4 Methodology adopted for the work

3. Data Collection & Analysis

Nowadays, due to the increase in population and demand for shelters, the buildings growing
vertically. In this situation, it is essential to take a review of the satisfaction of the workers working
on high rise buildings. For this study, two localities from Pune city were selected where major
construction activities are carried out. After the selection of localities, two projects were identified
having the same nature and floors. Firstly discussion was carried out with the workers working on
the site and based on the same questionnaire is prepared. A total of 55 factors were identified.
Secondly, a pilot survey was carried out and then the questionnaire was refined.
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Thirdly, a questionnaire was circulated to 27 labours on the first site and 18 labours on the second
site. The number of labours considered in this study is due to the COVID-19 Pandemic.

After data collection, the following summary is prepared for further analysis and considered as
productivity influencing factors. To process input data (collected data), IBM SPSS-26 and
Microsoft Excel was used for data analysis.

Table No.1 includes the topmost 13 factors considered for further analysis after screening

Table No 1 Details of topmost identified factors.

SrNo Identification of Factor Factor
X1 Availability of new equipment for the work
Xz Continuous communication of the managers to the
workers.
X3 School facility for the children
Xa Facilities like Medical, Canteen etc. are available at the
site.
Xs Lunchroom, the medical facility provided
Xe Security provided at the labour camp
X7 Slight increase in wages at the other side(migration of
workers)
Xs Labours having musculoskeletal problems?
Xo Weather conditions
10 X10 The temperature of the site is suitable for work?
11 X1 Personal protective equipment (PPE) are provided to the
workers.
12 X12 Working the shifts?
13 X13 The equipment working at the site are safe to work with?

4. Correlation matrix for the attributes

Following correlation is observed in the factors. The analysis is done by dividing the topmost 13
factors into four groups based on the different facilities, services and opportunities provided for the
workers. Finally, to check the interdependence of these factors, the Pearson Correlation coefficient
has been calculated for different groups. The analysis reveals that all factors involved in the study
have a great impact on the productivity of the construction site. If these facilities are not provided in
a proper and sufficient manner then it may result in a decrease in productivity.

Following Table No 2 shows the group formed for the analysis and formed and details about the
thinking the process behind the formation.
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Table No.2 Details about the groups.
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Sr. | Group | Group Members Remark
No No

1 I X1, Xe, X11, X13 | This group is formed by considering the availability of
facilities like new equipment for the work, security
provided, personal protective equipment; equipment
working at the site is safe.

2 ] Xz, X7, X12 Group Il comprises of the facilities like; proper
communication of managers to the workers, migration of
workers and working in shifts.

3 I X3, X4, X5, Xg | Group Il is formed by considering health, food,
hospitality and hygiene facilities like school facility for
the children, Canteen, toilet, wash places, Lunchroom,
medical facility etc.

4 v Xo, X10 Group 1V is formed by considering the suitable weather
conditions available for the workers.

Table No 3 Shows Person correlations between the factors which are formed as per the reference
given in table no 2.

Table No 3. Pearson Correlation between the factors in the group I, Il 1l & IV.
X X X X
X1 11 ° u 13 X2 X7 X12
X2 1
Xe | 0.3850 1
X1 | 01056 | 0.7858 | 1 )><<7 '%-%5121 - 512 R
Xis | 01073 | -0.3855 |[0.4671| 1 12 : -
Group-I Group- 11
X3 Xa Xs Xs Xo X10
X3 1 Xo 1
X4 0.0523 1 XlO -0.80 1
Xs | -0.5928 0 1
Xs -0.0863 0.7704 -0.0191 1 Group-l 1]
Group- IV
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5. Regression Model
In this research work, after finding the most affecting factors regression analysis is carried out and it
was found that, best fit for the data in terms of a straight line which covers maximum values of the
data set and the rest of the values are clustering near to the curve, which shows that the factors
involved in the research are linearly related to each other and deviation among them can affect the
productivity of the site.
The basic regression equation is given by, v = blx1i+ b2x2 +a
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Following regression equations were generated between the factors and summarized in the As per
the data obtained and correlation observed in the factors, Regression equations obtained for three

groups and summarized in Table No.4.
Table No 4. Regression equations obtained for three groups

Sr. No. Factors Regression equation
1 Between X9, X10 & X7 y=—0.01902X1 + 0.0348X2 + 73.79229
2 Between X1, X13 & X7 y=—0.0511X1 + 0.08062X2 + 72.53072
3 Between X3, X4 & X7 y=0.0208X1 —1.1311X2+ 162.5842

F test results are summarized in the following table No 5 Here the difference between the standard
deviation (S) of the Site A and Site B populations is not big enough to be statistically significant.
I.e. The sample standard deviation (S) of Site, A population is considered to be equal to the sample
standard deviation (S) of Site B population. So, it can be accepted that the null hypothesis i.e.
difference between the opinion of facilities and services provided for both the survey is not

considerable.
Table No 5 Details about the F Test, and analysis of variance.

Predictor | Coefficient | Estimate | Standard Error | t-static | p-value
Constant Fo 162.5842 40.5945 4,0051 | 0.0279
X1 B1 0.0208 0.2324 0.0897 | 0.9342
X2 B2 -1.1311 0.4843 -2.3356 | 0.1016
1.  R-Squared:r>=0.6452
2. Adjusted R-Squared: r? uj= 0.4087
3. Residual Standard error: 5.4464 on 3 degree of Freedom.
4.  Overall F-Statistic:2.7279 on 2 and 3 degree of freedom
5. Overall P-value: 0.2113
Analysis of variance table
Source df SS MS F-statistic | p-value
Regression 2 161.842 80.921 2.7279 0.2113
Residual error 3 88.9914 29.6638
Total 5 250.8333 | 50.1667
Conclusion

This research identified the following points,

1. In group-l, a strong correlation (0.7858) between Personal protective equipment (PPE) is
provided to the workers. & security provided at the labour camp. This shows the negligence
of security at the entrance of the construction site. This need to be improved,
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2. In group-lll, a strong correlation was observed between the factors labours having
musculoskeletal problems and facilities medical like Canteen, toilet, wash places shall be
provided. This shows that workers do not feel comfortable on construction sites.

3. The variance between both surveys is not big enough to be statistically significant. So,
Based on the survey it was concluded that different parameters of the construction site are
on an average of 60 to 65% reliable or satisfactory.

4. r? value is obtained as 0.6452 shows considerable relationships between the considered
factors.

5. In the literature survey the major focus was given towards the points like material
management, coordination, improper planning but in this study, the major focus was given
towards the identification of the factors contributing to the improvement of supporting
facilities to the construction workers. It is concluded that, if required facilities are provided
to them and this results in improvement of productivity at the construction site.

Future Scope

In this research work, the work is carried out without considering the gender. But it was
observed that the problems faced by males and females are somewhat different, so the work
can be carried out in that direction also.
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