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Abstract: Scope, cost and time are the triple constraints which
significantly impact project performance that ensure the
effective flow of the project throughout its existence.
Managing these constraints benefits the project completion in
time with desired quality and within sanctioned budget. Rate
variation is one of the extensive concerns in project affecting
the total cost of project and is predominantly the consequence
of escalation in rate of men, material and machinery. This study
is to manage the triple constraints through forecasting the
cost of resources namely men, material and machinery in
construction project to attain enhanced project performance
with preeminent efficacy. The structured questionnaire survey
was framed based on 8 main factors together with
corresponding 56 sub-factors and the survey was conducted
with experts in various construction industry. The factor and
forecasted resources have been mapped over the life cycle of
the project to study their impact at each stage. The data
gathered from survey and organization had been analyzed
using statistical software such as SPSS for its reliability,
frequency level, factor analysis & ranked using RIl and Minitab
have been used to measure the fluctuation of rate of resources
using trend projection model. The outcome from these
analyses revealed that design and documentation related
factor rank at the top, sowing the seeds of delay & cost overrun
in project and to persuade the most critical factor resources
that effect the project progress. Proper proactive approach
towards design and documentation related factors which
ranks at the top will shade some light to constraints providing
dualistic benefits of reaching the objectives of the project with
enhanced performance. The appropriate suggestion for
enhancing the project performance.

KEYWORDS: - Triple constraints, Statistical package for
social science (SPSS), Relative Important Index (RII),
Minitab, Trend projection model.

1. INTRODUCTION

The Construction industry is an integral part of a
country’s economy; its growth plays a pivotal role in
developing the country’s infrastructure. The current status
report published by the Indian Ministry of Statistics and
Programme Implementation (MOSPI) highlighted that out of
the 951 projects being monitored 309 projects have cost

overruns and 474 projects are behind schedule 171,
Successful management of construction projects is based on
three major factorsi.e. time, cost and quality. The success or
failure of any project depends largely on cost. India is the

tenth largest country in the World and yet record of
implementing major projects has been far from satisfactory.
The figure 1 shows that current status of infrastructure
project in India.
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Original cost of the 295 delayed projects is 2 5,48,838 crore and
anticpated cost is ®6,50,274 croce, thus leading to a total cost overrun
of £1,01,436 crore

Figure 1: Status of Infrastructure project in India

Rate escalation is defined as fluctuations in the price of
specific goods or services in a given economy, over a period.
Mediumto large construction projects takes over a year for
completionand the costof materials and labor often increase,
which leads to major problems in administration of the
contract. In construction project 80- 85% of costis spend for
resources. It has been observed that most of the projects in
India ended with extra time, money and resources. It’s a
rare scenario in construction industry, that a project is
completed within the estimated budget and time, with
desired quality. According to Eleventh and Twelfth plan
periods (2008 to 2017), India could suffer a GDP loss of US$
200 billion around 10 per cent of its GDP in financial year
2017.

2. PROBLEM IDENTIFICATION

The construction industry is complex in nature due to
large number of stakeholders. It has been facing several
problems due to improper planning at the initial stages. The
identified problems in construction projects had been
grouped in to 8 major factors and corresponding 56 sub
factors. Some of the severe challenges in construction
projects are listed below:

e Around 37% of construction projectsreconciled in
downfall due to the inaccurate forecasting in the
project, erroneous rate analysis and change of

price in raw materials.

Limited availability of skilled labors.
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e Improper scheduling and inadequate
monitoring at site during construction phase.

e Incomplete studies prior to project approval

e The change in materials specification modifying
the requirements of stakeholders.

e Lack of communication between the owners and
employee its lead to project failure

e Rate escalation outturn delays in construction
projects, Reduction in scope of projects
preferentially to cancellation of the projects.

2.1 Aim and Objectives

The aim of the study is to manage the triple constraints
through forecasting the cost of resources namely men,
material and machinery in construction project to attain
enhanced project performance with preeminentefficacy.

The following are the objectives of the study:

To identify the critical factors that influencing the
triple constraints in construction projects.

To prioritize and correlate the significant factor
among various sub factors to enhance project
performance.

To map the factor and forecasted data related to men
material and machinery over the life cycle of
project to study their impact at each stage.

To find the critical forecasted factor and their severity
on the life cycle of project.

To forecast the trends in rate of construction
material, labor and equipment and to study their
impact on performance of project.

To suggest measures to enhance the project
performance.

3. RESEARCH METHODOLOGY

Researched methodology had been framed for Factors
impact on triple constraints in construction project. The aim
and objectives of the study was formulated after the
identification of problems in the construction industry. The
questionnaire survey had been framed based on the case
studies & expert opinion under 8 main factors and
corresponding 56 sub factors. The influencing factors were
identified through discussion with various construction
companies involving stakeholders such as project managers,
projectengineers, quantity surveyor and so on. Respondents
from various construction firm were requested to rate the 4-
point scale 1-4, for each factor which was considered to be
the major reason that influence the triple constraints in

construction projects with their experience in the firm. The

data were procured from construction companies for the
analysis of future rate. The acquired data have been
analyzed to forecast the future rate for the next five years by
comparing the rate of resources of men, material and
machinery for past 6 year. The forecasting data were
mapped over the life cycle of project to study their impactat
each stage. Outcome of percentage increase in rate variation
portrays the most critical resources that impacts the project
progress. The appropriate suggestion for enhancing the
project performance has been catered.

3.1 Factor Identification

The following factors have been identified and
categorized in to different groups and subgroups with their
dependency through expert opinion and case studies.

Mistakes and discrepancies in|
design documents
Delay in  producing design|
documents
Unclear and inadequate details
in drawing

Complexity of project design
Insufficient data collection and
survey before design

Design And
Documentation
Related Factor

Misunderstanding of owners
requirements by design Engineer

Poor financial control on site

Financial difficulties of owner

Financial
Management
Related Factors

Delay in progress payment by
owners

Delay  payment to
supplier/subcontractors
Contractual claims such as
extension of time with cost
claims

Difficulties in financial project
by contractor

Information And|Lack of coordination
Communication
Related Factor

Slow information flow

Lack of communication
Fluctuation of prices of materials
Shortage of materials

Late delivery of material and
and| equipment

Change in material type and
specification during construction
Damages in sorted material
while they are needed urgently
Low level of equipment operator
skills

Material
Machinery
Related Factor
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Equipment shortage 4.DATA COLLECTION AND ANALYSIS
Poor quality of equipment spares
Human Resource| Labour absenteeism 4.1 Respondent Profile
Related Factors | High cost of labour . .
: - . The data were collected from experts in various
Accident and injury during L . . : I
construction work at site constructl.on industries. '.I‘he.questlo.nnalres were distributed
Change in the scope of the project Fo the various construction industries and the resppndenFs
involved in the study had several years of experience in
; — - handling various types of projects. The respondent’s
Delays in decision making designa%ion and exptgrience are shown in the figure 2 & 3
[naccurate quantity take-off
CONTRA MD
Legal disputes between parties A o
. Underestimate of project time o
Project and duration 1o as
Management ||Lack of experience in some type 17%
Related of project ‘
Factors Risk and uncertainty associated
with projects 157; PE
Lack of proper training and 18%
experience of PM
Poor project management
Figure 2: Percentage of respondent
Lack of appropriate software
Poor  site management
and supervision
Contractor Incompetent subcontractors
site
management | Schedule delay
factor
Inadequate planning
and scheduling
Lack of experience 0-10 M0 20 2830 300 4058
Mistake during construction
phase Figure 3: Year of experience for respondent
Inadequate monitoring Lo
and control of cost 4.1 Reliability Test
Inadequate .tlme and The data collected from the questionnaire must be
Effoct choszssf;ina;iz cultural reliable and consistent, so the acquired data through Delphi
eactors method from experts have been checked for its reliability.
- — For such analysis, Cronbach alpha for reliability is calculated
External '_l"raff.w control and restriction at using statistical tool SPSS version 20 as shown in table II.
Factors ob site - When the Cronbach alpha value of reliability for the data is
Change§1n government less than 0.3, the data collected is not reliable and cannot be
regulat.lon and. la.1ws . adopted. Reliability will be at high level, only when the
Delay in providing services and Cronbach alpha is more than 0.6-0.9.
utilities
Natural disasters
Catastrophe effect on|
construction activities
Unavailability of utilities in site (|
eg: water, electricity )
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Figure 4: Factor and sub factors entered into SPSS Version
2.0 tool

Table II- Ranking for the factors

S.NO FACTORS CRONBACH
ALPHA
VALUE
1 Design and Documentation 0.846
Related Factors
2 Financial Management 0.756
Related Factors
3 Information and 0.754
communication Related
Factors
4 Material and Machinery 0.768
Related Factors
5 Human Resources Related 0.770
Factors
6 Project Management Related 0.767
Factors
7 Contractor Site Management 0.823
Related
Factors
8 External Factors 0.762
OVER ALL CRONBACH ALPHA 0.781
VALUE

4.2 Relative Importance Index

The RII is used to rank the different causes. These
rankings make it possible to cross-compare the relative
importance of the factors as perceived by the groups of
respondents. Each individual cause’s RII perceived by all
respondents should be used to assess the general and
overall rankings

W = Weighting given to each factor by the respondents
and ranges from 1 to 4

A = Highest weight
N = Total number of respondents

Table III - Ranking Criteria

N4 N3 N2 N1
4 3 2 1
Table IV- Ranking for the factors
Human Resources Related 0.704 3
Factors
Project Management Related 0.698 4
Factors
Contractor Site Management 0.731 2
Related Factors
External Factors 0.557 8
Human Resources Related 0.704 3
Factors
Project Management Related 0.698 4
Factors
Contractor Site Management 0.731 2
Related Factors
External Factors 0.557 8
4.4 Factor Analysis

It is a technique used to reduce a large number of
variables or factors into fewer number of factors. Itis part of
General linear model (GLM), which includes relevant
variables into analysis and there is true correlation between
factors. Among different type of methods to extract the
factor from the data set, principal component model has
been used in the analysis to Identify the most critical factors
thatinfluencing the triple constraints in construction project
impacting project progress. From this analysis, eight
critical factors are identified using PSPP, the factors are
listed below:

e Inadequate planning and scheduling

o Insufficient data collection and survey before the
design part

e Shortage of workers and

e Misunderstanding of owner’s requirement by
design engineer

o Lack of experience

RII=F W
e Unavailability of skilled labor

AxN e Mistake and discrepancies in design documents
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4.5 Forecast the Future Rate

The process of estimating a future event by casting
forward past data. The past data are systematically
combined in a predetermined way to obtain the estimate of
the future. Trend projection model was used to predict the
future rate of resources in construction project. straight line
trend is represented by the equation:

Y=a + bX
Y= Forecast rate of resources X= Year
a= Intercept (base level) b= Slope (trend)

The rates of resources namely material, men and
machinery are collected from construction industry. The
rates of material for past 6 years and cumulative of hike in
each material are listed below:

Table V- Rates of construction Material

ITEM | ITEM UNIT | RATES OF CONSTREUCTION LABOUR | CUMMULA
O DESCRIFTION TIVE % OF
L ) R F ) ) ) HIKE
T [ Faz ST ) T TV T T Y3
2 Remlorcement
seel 9 4 44 A4 =
e o5 36 41
] Strucaaral steel Eg ey 42 43 EES 3K 3 2 G2
3 T T ) E T P
El [N} 1z 4 2 14 6139
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The sample calculation in Minitab for trend rate of
cement for next five years in construction projects.

[essssssss o s s A REs O evee ]
Figure 5- Sample trend rate in Minitab
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Trend projection model has been used to measure the cost
trends in the construction industry. Table 5 shows the
forecasted price of the various material in the construction
industry for the periods 2018to 2022. Likewise, the cost can
be forecasted for all theresources considered for this study.

Table VI- Forecast rate for materials (2018-2022)

ITEM ITEM UNIT RATES OF MATERIALS
NO | DESCRIPTION
018 | 1019 | I0I0 | 2021 | 2022
1 Cemant Baz |30548 | 41734 | 4362 |455.06| 47382
2 | Remforcamentstesl [ k= | soo) (6334 [6677 |02 | 7363
3 Structaral steel z | 5074 | 6417 |66 | 7108 | 7444
4 Fiver sand CRt | 5414 | 7237|806 |58.85 |97.06
3 4(0mm aggragate Cft | 4142 4501 488 [5248 |3618
[ 20mum agzregate Cft | 3768 4004 (442 [4746 [s5072
T 1Imm azzrazats Cft | 2774 3017|326 [3505 |3746
g Quarry dust Cit | 2204 |3277 |366 [4043 |4426
g Erics Mo | 683 | 750 | B15 | 88 | o4
0 Fly ash bricks §40 | 805 | &7 | 035 | 11
g3 Nao
i) Fly ash bricks
Qg o | 2942|314 | 3337 3534 |40
12 FF Stane Mo | 1908 | 2148 | 13.22 | 2496 | 267
3 Soling Stane TR | 5252 | 3587 | 3061 | #5315 | 46.86
13 | Solid Block, 200mm 3612 | 3728 | 3642 | 3056 | 307
thick Na
15 | Solid Block, 130mm E 33 36 ] )
thici Na
16 Crravel T | 1648 | 1707 | 1606 | 2035 | 21645
17 Erick agerezare TRt | 5231 | 3508 | 5807 | 6286 | 66.03
] Plazticizer Ez | 8738 | D051 | 0354 | 0657 | 006
] Einmen 50°100 Ez | 40 | 5713 | 5048 | 6182 | 6416
0 | Solid Block, 100mm 3705 | 4002 | 4108 | 4414 | 362
thick Na
] Ferozene oll Lime | 5576 | 36.60 | 5048 | G234 | 63.24

5. RESULT AND DISCUSSION
5.1 Mapping the Factors Over Life Cycle of Project

The factor influencing the triple constraints has been
identified and mapped over the life cycle of the project.

1. Initiation and Planning Phase
* Delay in decision making by owner
* Land acquisition
* Delay in obtaining approvals from cooperation
+  Mistake and discrepancies in design
* Inadequate planning and scheduling
* Delay in producing design document

* Improper site investigation
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»  Frequent changes in design by owners
2. Execution Phase

*  Poor site management and supervision

*  Poor financial control at site

* Late procurement of material

*  Fluctuation of material prices

* Delay in payment by owners

» Shortage of skilled labors and site workers

»  Mistake and discrepancies in design

* Lack of communication

* Catastrophe effects at site

»  Poor selection of technology equipment.
3. Closure Phase

» Additional work by owner requirement.

* Legal dispute between parties.

e Contractual claims such as extension of time and
cost claim.

* Delay in performing final
certification.

inspection and

* Paymentissue between parties
5.2 Mapped Resources Over Life Cycle

Forecasting parameters (men, material and machinery)
were mapped over the life cycle of project and their severity
level of influence and critical parameters were identified.
The below table VII shows the severity level in the life cycle
of project.

e e
ozt
Dr=wtes

[

B HIGH M MEDFCM L LOW

Figure 6 - Mapping forecasted data

Table VII - Severity of parameters in life cycle of

project
PARAMETERS HIGH | MEDIUM | LOW
MATERIALS 4 2 3
LABOURS 4 3 2
MACHINERY 2 3 4

5.3 Rate of Escalated Resources

The cumulative percentage of hike in each resource has
been identified and the top five critical resources in the
projects are given below:

Table VIII- Top five highly cumulative escalated rate
of various resources

[TOP FIVE HIGH RATE OF ESCALATED RESOURCES
MATERIAL RATE LABOUE RATE EQUIPMENT EATE
Name of | % of | Name of | %0 of | Name of | % of
material increases | labour increases | equipment | increases
Quarry 20% Tile 58.33% Bob cats 30.91%
dust laver
Soling 66.07% Mixer 38.33% Foad 30.48%
Stone operator Roller
12mm 36.52% Female 35.55% Excavator | 48.57%
aggregate helper
Gravel 33.85% Stone 34 45% Crawler 40%

Cutter Crane
20mm 33.57% Plumber | 30% Grinding 34.51%
aggregate Machine
5.4 Model for EnhancingProject Performance
o Bakpowreredohmy ¢ Cmpelauenxefdan ¢ s o gresowt
¢ Inafloctrre chimbon of lsbewr  + Makral prwce escalatim makshos md by

+ Lackof Cosporanatine Badaqure oosnee and plassiag + Tacesrmeenal frocnal oot and

¢ Unsvaslshelry of slodlad labor furse valee of moosy
¢ Complexty of preyect
+ Hugkcost of laboer
MebiE ) pfima DR frepjet ¢ Unnvuibhley cfotiftesmate ¢ Lackof strees RER polioes
* Boor wiation of teebeciogy ¢ Poor et of comtitast ¢ Dicrepecrs @@ cecinat
equpuen + Locshos and coonsctrrmy of progeet.  docament
st ¢ Srie aocadent
LW s ceanes Effcts of shwerface coodtio Costopte  ofit w
* Soend and culten factar comstroctim we

Eay Modirsts
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6. CONCLUSION

Construction industry has been twined with costoverrun
and delays, making a obligation to manage these triple
constraints from impacting project performance overthe life
cycle of the project. The outcome from these analysis Shades
the light to the constraints (SCOPE, TIME, COST) in
construction industry enhancing performance of the project
byimplementing the following suggestions arrived from the
results of analysis.

Expert opinion through questionnaire survey
envisages the “Impact level of various factors on
construction projects”. (Considerations of the
critical factors with the impact over the life cycle of
the projects to attain the objectives).

e Forecasting the rate of various resources with the
past  trend rate using trend projection model
(Identification of the critical resources with high
price escalation to be incorporated in planning stage
of the project)

Suggestions over the life cycle of the projects
sustaining dualistic benefits of reaching the
objectives of the project with enhanced
performance.

6.1 SUGGESTION

Institutionalize project management training for
professionals

Responsibilities must be shared with all stake holders
in construction such as engineers, planning
managers.

Select design and engineering consultanton the basis
of quality -cum-cost assessment

Documentation of change to avoid discrepancies or
mistake in future

Ensuring subcontractor with capability to deal with
project

Having a stringent process in place for selecting
subcontractors into the supply chain

Quality of work of activities at every stage must be
implemented to reduce the mistakes that lead to
rework of activities.
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