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Abstract— The construction project are one of the most
important projects which plays an important role in the
development of the country. It is generally found that multi
storey (or high rise) building are the most important part of
the construction industry for the greater development. The
major part of the construction industry leads to the multi
storey building. Hence risk involved in this part also rates
higher in the construction industry. Risk in the construction
project is considered as one of the most common problem
causing multitude of negative effect on the construction
project. The purpose of the study is to identify the
construction execution risk of the particular selected sites of
multi-storey building and with the help of relationship among
them by a questionnaire survey and interdependency can be
found. Diagraphs can be generated from the data analysis
using the appropriate methods. Which gives clear idea about
high to low risk in the construction activity and it is helpful
to minimize the risk easily.

Key words: Risk Management, Construction Project
Management, Interpretive Structural Modeling(ISM)

I. INTRODUCTION

Risk is the probability that an unfavorable outcome will
occur. Risk management is the process of measuring risk and
then developing the strategies to manage the risk. Risk
management (RM) is a concept which is used in all industries,
from IT related business, automobile or pharmaceutical
industry, to the construction sector. Each industry has
developed their own RM standards, but the general ideas of
the concept usually remain the same regardless of the sector.
According to the Project Management Institute (PMI), project
risk management is one of the nine most critical parts of
project commissioning. This indicates a strong relationship
between managing risks and a project success. While RM is
described as the most difficult area within construction
management, its application is promoted in all projects in
order to avoid negative consequences. There are four stages
to risk management.
— Risk Identification
— Risks Quantification
— Risk Response
— Risk Monitoring and Control

Risk management is not a complex task. If you
follow the four steps, you can put together a risk management
plan for a project in a short space of time. In addition, there
needs to be an overall management strategy such that this
four-step process is implemented in a co-ordinate fashion.
This strategy should include how risk management will be
integrated into the project management process on a project.

The construction industry operates in a very
uncertain environment where conditions can change due to
the complexity of each project. The aim of each organization

is to be successful and RM can facilitate it. However, it
should be underlined that risk management is not a tool which
ensures success but rather a tool which helps to increase the
probability of achieving success. Risk management is
therefore a proactive rather than a reactive concept. Risks are
viewed as either manageable or unmanageable. A
manageable risk is one you can live with, such as a minor
requirement change. An unmanageable risk is impossible to
accommodate, such as a huge turnover of core team members.
Risk factors can be classified into eight categories namely.

—  Construction risk

—  Design risk

—  Environmental risk

—  Financial risk

— Management risk

— Political risk

—  Procurement risk

—  Sub-Contractors risk

— Technology risk

Il. OBJECTIVE

To evaluate project risks through Interpretative Structural
Modeling (ISM) for the multi-storey building.

To develop an integrated ISM-Fuzzy project risk
management model for the multi-storey building.

Il. LITERATURE REVIEW

By the review of some past research paper related to the risk
management related to construction industry especially multi
storey building, it is observed that this method is used to
minimize risk in many industries other than construction
industry. These research is done to apply ISM method to the
project management of multi-storey building to minimize the
construction execution risk. For this purpose, the lyer and
Sagheer (2010) ISM uses experts’ practical experience and
knowledge to decompose a complicated system into several
subsystems and construct a multilevel structural model. The
fundamental concepts of the process are an “element set” and
a “contextual relation.” The element set is identified within
some situational context, and the contextual relation is
selected as a possible statement of relationship among the
elements in a manner that is contextually significant for the
purposes of the inquiry.

Martin ~ Schieg studied that adopting risk
management, savings potentials can be realized in
construction projects. For this reason, for project managers as
well as real estate developers, a consideration of the risk
management process is worthwhile. The risk management
process comprises 6 process steps, which will be discussed in
greater detail below. The integration of a risk management
system in construction projects must be oriented to the
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progress of the project and permeate all areas, functions and
processes of the project. In this, particular importance is
attached to the risks in the personnel area, for, particularly for
enterprises providing highly qualified services, specialized
employees are essential for market success. Effective risk
management must permeate all areas, functions and processes
of the project. The goal therefore must be to negotiate risks,
assess these or even make these marketable and reduce the
memphatically. In this, a decisive factor in its success is in
the end the interaction of all elements represented. [12]

Interpretive Structural Modeling was first proposed
by Warfield (1973). Ilyer and Sagheer (2010) ISM uses
experts’ practical experience and knowledge to decompose a
complicated system into several subsystems and construct a
multilevel structural model. The fundamental concepts of the
process are an “element set” and a “contextual relation.” The
element set is identified within some situational context, and
the contextual relation is selected as a possible statement of
relationship among the elements in a manner that is
contextually significant for the purposes of the inquiry. [3]

Pejman Rezakhani studied that Risk management is
an important step in project success. It is the process of
identifying, classifying, analysing and assessing of inherent
risks in a project. Due to the nature of the construction
projects which consists of many related and none-related
operations, many risk factors will contribute in a project. To
have an effective risk management plan, at first step the key
risk factors which have the most effect on project objectives
should be identified and classified. This paper is an
investigation of different risks which may be involved in
construction projects. Project management functions which
have the most effect on risk management plan are categorized
and an analysis of key risk factors in every category is
described. Finally, a hierarchical risk classification to cover
all the effective key risk factors in construction projects is
suggested. Case studies have shown that this classification
covers the most key risks that should be taken into
consideration in a risk management plan in this paper, the
most effective key risk factors which have a significant effect
on construction projects scope are identified and classified
through a comprehensive literature survey and professional
experiments of experts in construction management field. In
proposed classification, effort is to cover the most effective
risk factors. Case studies have shown that by utilizing
proposed hierarchical risk breakdown, most of the risks in
regular and complex projects are covered and as a result an
effective risk management plan can be conducted. [4]

Arati Chougule, Ashish Waghmare Risk is an
integral part of any project. Risk is present in all projects
irrespective of their size or sector. No project is totally free
from risks. If risks are not properly analysed and strategies
are not developed to deal with them, the project is likely to
lead to failures. [1]

IVV. DATA COLLECTION

The development of the high-rise building has followed the
growth of the city closely. The process of urbanization, that
started with the age of industrialization, is still in progress in
developing countries like India. Industrialization causes
migration of people to urban centers where job opportunities

are significant. The land available for buildings to
accommodate this migration is becoming scarce, resulting in
rapid increase in the cost of land. Thus, developers have
looked to the sky to make their profits. The result is
multistoried buildings, as they provide a large floor area in a
relatively small area of land in urban centers. The
construction procedure of multistoried building is very
complex task. There are no of activities and agencies are
involved in the construction process of the multi storied
building. Due to presence of no of people and activities there
is certain amount of risk is involved in completion of the
project. There are various types of activities included in each
and every construction project from start to end of the project.
To complete any construction project as per desired level of
satisfaction and as per design it is necessary to complete all
activities of project successfully and without errors within
estimated time, cost and desired quality.

The data collection work for this research work is
done by identifying the construction execution activities by
consulting an expert. From the identified activities, the
questionnaire format is prepared to quantify the likelihood
and the impact of the risk on the project. The questionnaire
survey is done by distributing the questionnaire format to
engineers and contractors by mail and personally meeting and
getting their review about their experience about the
predefined construction activities. In this questionnaire
survey total 12 construction activities are been identified and
their sub activities are also been identified. They are as
follow.

1) Excavation

2) Foundation

3) Sub-structure column

4) Plinth beam construction

5) RCC work for super structure

6) Masonry work

7) Plumbing and electric work installation
8) Plaster work

9) Tiles work

10) Paint and finishing

11) Firefighting system

12) Glass work and another miscellaneous fixture

V. DATA ANALYSIS
The analysis was done by following methods.

A. INTERPRETATIVE STRUCTURAL MODELING (ISM)

The process starts with the identification of elements in a
system, their prioritization and categorization through an
understanding of their primacy, precedence, and causality
over and among each other through independent and
dependent linkages that are represented through a multi-level
structural model.

B. ISM METHODOLOGY

There are three broad steps for developing an interpretive
structural model. Step 1: ISM begins with an issue or
problem Step 2: The next step is to identify the elements that
comprise the issue context are listed. Step 3: In the third step,
pairs of elements are compared in a relation matrix, using a
contextual relationship, which is mostly a verb or a verb
phrase. ISM methodology helps to impose order and direction
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on the complexity of relationships among elements of a
system. It is interpretive as the judgment of the group decides
whether and how the variables are related. It is structural as
based on relationship, an overall structure is extracted from
the complex set of variables. It is a modeling technique as the

specific relationships and overall structure are portrayed in a

graphical model. The various steps involved in the ISM

technique are:

1) Identifying elements which are relevant to the problem
or issues-this could be done by survey;

2) Establishing a contextual relationship between elements
with respect to which pairs of elements would be
examined;

3) Developing a structural self-interaction matrix (SSIM) of
elements which indicates pairwise relationship between
elements of the system;

4) Developing a reachability matrix from the SSIM, and
checking the matrix for transitivity of the contextual
relation is a basic assumption in ISM which states that if
element A is related to B and B is related to C, then A is
related to C;

5) Partitioning of the reachability matrix into different
levels;

6) Based on the relationships given above in the
reachability matrix, drawing a directed graph (digraph),
and removing the transitive links;

7) Converting the resultant digraph into an I1SM-based
model by replacing element nodes with the statements;
and

8) Reviewing the model to check for conceptual
inconsistency and making the necessary modifications.

C. INTEGRATION OF ISM AND FUZZY

Fuzzy ISM, ahead of binary ISM, The ISM model considers
the presence or absence of an interaction. There is also a
possibility that the interaction may be defined by qualitative
considerations on a 0 to 1 scale like the Micmac analysis may
be utilized for an in-depth analysis of the enablers. Micmac is
a method where the importance of the enabler is expected to
be measured less by their direct relationships and much more
by its many indirect relationships.

MICMAC: Cross-Impact Matrix Multiplication
Applied to Classification (MICMAC) was developed by
Duperrin and Godet in 1973. It is a systematic analysis for
complex issues; it categorized variables based on the
relationship and the extent they influence one another to find
out the key variable in the system. In recent years, scholars
applied MICMAC wildly in various fields;

The MICMAC model deals with complex systems.
Based the direct impacts of variables, MICMAC used matrix
to calculate outcomes in a system after mutual influence, then

impacts of visual structure/dependency map were used to
identify the types of variables in a system, in order to get the
key variable in a complex system and then determine the
directions for system control or improvement.

D. Direct relationship matrix

The direct and indirect relationship among the construction
activities of port are carried out by ISM and FMICMAC. A
direct reachability matrix is obtained by examining the direct
relationship among the criterion in the ISM.

E. Development of Fuzzy Direct Relationship Matrix
(FDRM)

The analysis can be further improved by considering the
possibility of reachability instead of the mere consideration
of reachability used so far. Conventional MICMAC considers
only binary type of relationships, so we have used fuzzy set
theory to increase the former’s sensitivity. In fuzzy MICMAC
an additional input of possibility of interaction between the
elements is introduced. The possibility of interaction can be
defined by qualitative consideration on 0-1 scale.

F. Stabilization of Fuzzy Matrix

The fuzzy direct relationship matrix is taken as the base to
start the process. The matrix is multiplied repeatedly until the
hierarchies of the driver power and dependence stabilize. The
driving power of the criterion in FMICMAC is derived by
summing the entries of possibilities of interactions in the
rows, and the dependence of the criterion is determined by
summing the entries of possibilities of interactions in the
columns. The ranks of the driving power of the criterion
decide the hierarchy of criterion in the system. The stabilized
matrix in FMICMAC for criterion of information sharing
enablers is achieved in the sixth stage.

Construction Activities
Excavation(A)
Foundation(B)

Sub-Structure column(C)
Plinth beam construction(D)
RCC work for super structure€
Masonry Work (F)
Plumbing and Electric work(G)
Plaster Work(H)

Tiles Work(l)

Paint and Finishing(J)

Firefighting system(K)

Glass work and other miscellaneous
fixture (L)
Table 1: list of Activities
1) Reachability Matrix:

| Z
B|o|o|e|~N|o|o| s w N - E

[EN
N

ISM scale (0-1only) Initial Rechability

No. 112]|3]4|5|6|7[8|9]10]11]12
Construction Activities A|/B|C|D|E|JF|G|H]|I]J|K]L

1 Excavation(A) 1/0(0]0]0|J0O]0O]0]J0O]O]0O]O0
2 Foundation(B) 171/0]0]0|J0]0]|]0]J0]0O]0O0]O0
3 Sub-Structure column(C) 0|j1{1(0j0j0]J0O|OJOJO|0O0]0O
4 Plinth beam construction(D) 0|j1{1(1/]0]0|j]0|0JOJO|0]0O
5 RCC work for super structure(E) 0j0|0fj212]1]0|]0|0OJOJO|0O0]0O
6 Masonry Work (F) ojo0j{o0f1j1j1|j0|0fj0O|0O|0O0]|O
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Plumbing and Electric work(G)

7
8 Plaster Work(H)
9 Tiles Work(l)

10 Paint and Finishing(J)

11 Firefighting sysytem(K)

o|o|Oo|o|o
o|o|Oo|Oo|o

o|o|Oo|Oo|o

o|o|Oo|Oo|o

12 | Glass work and other miscellaneous fixture (L) | 0 | O

0

0

=

OO|O(F (|-

O|Rr|O|0O|O|-

= R =)

R|IO|O|r|O|O

o|Oo|r|O|Oo|Oo
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R|IO|O|O|O|O

Table 2: Initial Rechability Matrix

ISM Scale (0-1 Only) Final Rechability

No

112)|3

4

5

6

~

(o]

©

Construction Activities

Excavation(A)

Foundation(B)

Sub-Structure column(C)

Plinth beam construction(D)

RCC work for super structure(E)

Masonry Work (F)

Plumbing and Electric work(G)

Plaster Work(H)

Tiles Work(l)

Paint and Finishing(J)

=
RIB|o|o|~|o|uo|slwnf-

Firefighting sysytem(K)

[EY
N

Glass work and other miscellaneous fixture

L
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8

7

8

9

9

9

2) Iteration Process:

After making the reachability matrix, the reachability set was
made by counting the 1’s in a horizontal risk factor and
antecedent set were found out by counting the 1’s in a vertical

Table 3: Final Rechability Matrix
After the formation of table, the intersection of reachability
set and antecedent set were found out and only those factors

risk factor. Thus, the following type of table was formed.

Sr. No. | Rechability set | Antecedent set | intersection set | level
112!3!4155657181
! 1 9,10,11,12 1 1
21314!5!61718!
2 12 9,10,11,12 2
3!415161718!
3 123 9,10,11,12 3
4!516171819!
4 1,2,34 101112 4
5 1,2,3, 5:61718191 5
4,5 10,11,12
6 1,2,3, 6:718191 6
45,6 10,11,12
1,2,3,

7 4567 7,11 7
1!213141

8 5.6.8 8,9,10,12 8
11213!4!

9 5689 9,12 9
11213!4!

10 5.6.8.10 10,12 10
11213!4!

11 56711 11 11

12 1,2,3,4,5, 12 12

All rights reserved by www.ijsrd.com

were selected in level 1 of risk in which reachability set was
a proper subset of antecedent set. The following iterations
were made to get different levels of risk.
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| 68912 | |

Table 4: Iteration process

3) Lower Triangular/Conical Matrix:

After finding the levels from the above table, a lower conical
triangular matrix was made which helped in finding the
relationship between different levels of risk:

Lower Triangular Matrix
(i) |]1)12]3]|4]|5|6[8|7]9]10]11]|12
1 |1/0]0]|0|0O|O]OJOJOJO]O]O
2 |1]1]|0]|0j0Oj0Oj0Oj0O]j0O]O]O]O
3 |1]1|1]0j0j0Oj0Oj0Oj0Oj]O]O]O
4 [1]1)]1)1|/0f0]0O|O]|O]JO]JO]O
5 |1]1|1]1]1)j0j0j0j0O0jJO]O]O
6 |1]1|1]1]1)1|j0j0]j0]O]O]O
8 |1(1|1|1|1|1]|]0|j1]0|0]|O0]|O
7 |1(1{1|1|1|1|1/0]|0|0]|0]|O
9 |1(1|1|1|1|1]1|/0]|2|0]|0]O
10 11|11 )1(1]1j0]|]0|1]O0]0O
11 |1}(1|1}1|1(1]0|1]|]0J0]1]0O
12 |1j1)1j1)1|1]1j0|1|0]0] 1

Table 5: Lower Triangular/Conical Matrix
4) Diagraph Showing Interdependency of Various Risks:

(1,2,3,45,6,7,8,9,11)

(1,2,3,4,5,6,8,9,10,11)

Excavation (1) Impact Risk Factor (0) LeR\;gll(l
Construction of Foundation (2) Level 2
Impact Risk Factor (1) Risk
Construction of Sub Structure Level 3
Column (3) Impact Risk Factor (1,2) Risk
Construction of Plinth Beam (4) Level 4
Impact Risk Factor (1,2,3) Risk
Construction of RCC work For Super Level 5
Structure (5) Impact Risk Factor Risk
(1,2,3,4)
Construction of Masonry Work (6) Level 6
Impact Risk Factor (1,2,3,4,5) Risk
Plaster Work (8) Impact Risk Factor Level 7
(1,2,3,4,5,6) Risk
Plumbing and electric work (7) Level 8
Impact Risk Factor (1,2,3,4,5,6,8) Risk
Tiles work (10) Impact Risk Factor Level 9
(1,2,3,45,6,8,7) Risk
PN CE AO At e Figning syt 1 impc | G O P9 o
Risk Factor (1,2,3,4,5,6,8,7,9,10,12) 10 Risk

Thus a digraph was constructed showing different
levels of risk as well as different relationships which exist
between these broad categories of risk. The numbers in the
first brackets indicated the risk factor number assigned to

Table 6: Diagraph showing Interdependency

Value

0 0.1 0.3

6) Fuzzy Direct Rechability Matrix:

each risk factor. The numbers in the in the second bracket
indicates the interdependency on these elements of the risk
given in brackets.

5) Integration of ISM and Fuzzy MICMAC:
Possibility of reachability | No | Negligible | Low | Medium | High | Very High | Full
0.5 0.7 0.9 1
Table 7: Possibility of numerical value of that reachability

No. 1 2 3 4 5 6 7 8 9 |10 |11]12
Construction Activities A|B|C|D|E F|G|H I J |K|L

1 Excavation(A) 0 0 0 0 0 0 0 0 0 0|00
2 Foundation(B) 07] 0 0 0 0 0 0 0 0 0]0]O
3 Sub-Structure column(C) 0 [07] 0 0 0 0 0 0 0 0]0]O
4 Plinth beam construction(D) 0 |05]07] 0 0 0 0 0 0 0]0]O
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5 RCC work for super structure(E) 0 0 0 |07] 0 0 0 0 0 0|0]O
6 Masonry Work (F) 0 0 0 |07]09] O 0 0 0 0 0|0
7 Plumbing and Electric work(G) 0 0 0 0 1]03(07] 0 0 0 0|00
8 Plaster Work(H) 0 0 0 0 |07](07]| O 0 0 0 0|0
9 Tiles Work(1) 0 0 0 0 |07[05] 0 |07] O 0 0|0
10 Paint and Finishing(J) 0 0 0 0 ]05] 0 0 ]07| O 0|00
11 Firefighting sysytem(K) 0 0 0 0 |07 0 |07] O 0 0]0]O
12 | Glass work and other miscellaneous fixture (L) | 0 0 0 0 |05] 0 0 |07]05]03]0]O0
Table 8: Fuzzy direct reachability matrix
7) Fuzzy MICMAC Stabilized Matri:
No. 1 2 3 4 5 6 7 8 9 10 | 11 | 12
Construction Activities A B C D E F G H | J K L | Sum | Rank

1 Excavation(A) 0 0 0 0 0 0 0 0 0 0 0 0 0 11
2 Foundation(B) 0.7 0 0 0 0 0 0 0 0 0 0 0 0.7 10
3 Sub-Structure column(C) 07]107] 0 0 0 0 0 0 0 0 0 0 14 9
4 Plinth beam construction(D) 05|05]07| 0 0 0 0 0 0 0 0 0 1.7 8
5 RCC work for super structure€ 07]07]07]07] 0 0 0 0 0 0 0 | 05] 33 6
6 Masonry Work (F) 07]07]07]07]09] 0 0 0 0 0 0 0 3.7 5
7 Plumbing and Electric work(G) 03/03(03]03[03[07] 0 0 0 0 [05] O 2.7 7
8 Plaster Work(H) 07]07]07]07]|07]07] 0 0 0 0 0 [07] 49 1
9 Tiles Work(l) 05[05]05]07[07|]05] 0 |07 O 0 0 0 4.1 3
10 Paint and Finishing(J) 05[05]05]05[05]07] 0 |07] O 0 0 0 3.9 4
11 Firefighting sysytem(K) 07]107]07]07]07]07]07] 0 0 0 0 0 49 1
12 | Glass work and other miscellaneous fixture (L) | 0.5 | 05 [ 05| 05|05 (05| 0 |07 [05]|03| O 0 4.5 2

Sum 655853148 [43|38]07]21|05]03]05]12

Rank 1 2 3 4 5 6 9 7 10 | 11 | 10 8

Table 9: Fuzzy MICMAC Stabilized Matrix

8) Classification of Risk:

]

Strong

11 Cluster TV Cluster ITT
Independent Linkage

Driving power

After development of digraph, it is necessary to
ascertain the degree of relationship between the various risk
elements, which was done using MICMAC analysis,
developed by J. C. Duperrin and M. Godet. The objective of
MICMAC analysis is to analyze the driver power and
dependence power of each element (Mandal and Deshmukh
1994). This formal analysis complements and extends
impressions that experienced users draw from visual analysis
of influence structures. Specifically, MICMAC explores
influence and dependence between issues and classifies them
into independent, relay/linkage, dependent, and autonomous
clusters. From the reachability matrix, the driver power of
each element is obtained by the summation of 1s in the
corresponding row. Similarly, dependence power of each
element is obtained by the summation of 1s in the
corresponding column. After obtaining the driver power
influencer and dependence power of each element, they are

presented in the form of a driver power-dependence matrix.
Each element is plotted as a point using the conventional x-y
coordinate system.

Cluster I: Weak Driving Power and Weak
Dependence, this group is called Autonomous or Excluded
Cluster Il: Weak Driving Power and Strong Dependence, this
group are called dependents, Cluster Ill: Strong Driving
Power and Strong Dependence, these group are at the same
time very influent and very dependent. Cluster IV: Strong
Driving Power and Weak Dependence, this group are
altogether very influent and little dependent.

12 8
4 Cluster IT
- S+ e VI. CONCLUSION
7 Cluster I .. -
A — For ISM the driving power was maximum for Glass
s H Work (L), while it was minimum for Excavation(A).
- s . I (Table 8). The dependence power was maximum for
Excavation(A) while it was minimum for paint and
Teak Dependence Power Strong

finishing (J), Firefighting System(K) and Glass work and
other fixtures(M) (Table 12).

— The risk diagraph obtained from the ISM analysis
exhibits in (Table 20), Excavation appears in level 1.
This risk factors impacts on Construction of
foundation(2), construction of sub structure column(3),
plinth beam(4), RCC work for super structure(5),
Masonry work(6), Plaster work(8), Plumbing and
electric Work(7), Tiles work(9), paint and finishing (10),
Firefighting system(11), Glass work and other
fixture(12). Similar analysis is carried out for obtaining
level 2 to 10. (Table 24), (Figure 5.3)

—  For ISM-Fuzzy integrated approach, the driving power is
4.9, which is maximum for activity of plaster work (H)
and firefighting system(K). while it is 0, which is
minimum for activity of Excavation(A). (Table 27) The
dependence power is 6.5 which is maximum for
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Excavation (A) while it is 0.3 which is minimum for
paint and finishing(J). (Table27).

— By relative comparison of three models, it has been
observed that project risk analysis by EVM is relatively
simple but reliable & realistic. Project Risk management
by ISM is complicated but more accurate and realistic.
Finally, ISM-Fuzzy methodology for project risk
management is complicated but very accurate and
realistic.

—  The outcome of risk analysis by EVM model would be
Risk Map, the outcome of ISM model would be Risk
Diagraph and finally the outcome of ISM-Fuzzy model
would be cluster analysis.

— Based on the analysis by EVM, ISM, & ISM-Fuzzy the
mitigation measures can be proposed.
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