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Table S1. Example Boolean matrix representation

Basic events OR (GE) AND (GE)
Gate event ID Gate type
A B C D E TE GE2 GE1 GE3
TE OR 0 0 0 0 0 0 1 1 1
GE2 OR 1 0 1 1 0 0 0 0 0
GE1 AND 1 1 0 0 0 0 0 0 0
GE3 AND 1 1 0 0 1 0 0 0 0
Table S2. Qualitative fault tree analysis iterations
Iteration Basic events OR (GE) AND (GE)

(methodology steps) A B C D E TE GE2 GEl GE3

1 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 1

2 0 0 1 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 1

3 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0

1 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1

4 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0

1 1 0 0 0 0 0 0 0

1 1 0 0 1 0 0 0 0

Copyright © 2018 The Author(s). Published by VGTU Press

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



M. Marzouk, A. Aboushady. Modeling risks in real estate development projects: a case for Egypt

Table S3. Working Boolean matrix of mitigation strategies failure

Mitigation strategy 1 Mitigation strategy 2
Basic events OR (GE) AND (GE) Basic events OR (GE) AND (GE)
A B TE GE2 GE1 GE3 C D E TE GE2 GE1 GE3
1 0 0 0 0 1 0 0
0 1 0 0 0 1 0
0 1
Table S4. Fuzzy probability of failure for mitigation strategies using o.—cut principle
Mitigation strategy 1 Mitigation strategy 2
" Lower bound Upper bound Lower bound Upper bound
0 37 88 43 95
0.05 38 87 45 95
0.1 39 87 47 94
0.15 40 86 48 94
0.2 42 85 50 93
0.25 42 84 51 93
0.3 44 83 53 92
0.35 44 83 54 92
0.4 46 82 56 91
0.45 47 81 57 91
0.5 48 80 58 90
0.55 49 79 59 89
0.6 50 78 61 89
0.65 51 77 62 88
0.7 52 76 64 87
0.75 53 75 65 86
0.8 54 74 66 86
0.85 55 73 67 85
0.9 56 72 68 84
0.95 57 71 69 83
1 58 70 71 82
Table S5. Fuzzy importance analysis of failure for mitigation strategies
Mitigation strategy Event ID (TE1) (TE2) FIM Rank
1 A 64 55 14.06
B 64 65 1.56 4
2 C 76.5 64 16.34 1
D 76.5 64 16.34 1
E 76.5 57.5 14.84 2
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Table S6. Description of real estate development projects

Prlgjoé ct Project description (rilri(l){ieocrtl %r(i}c; ) Project location
1 Constructing 30 villas and 10 residential buildings 145 6 October City
2 Constructing 70 residential buildings 350 6 October City
3 Constructing 30 residential buildings 210 6 October City
4 Constructing 20 residential buildings 100 6 October City
5 Construction 50 town houses and 100 residential building 650 El-Sheikh Zayed City
6 Construction 120 residential buildings 600 6 October City
7 Construction 35 residential buildings 175 6 October City
8 Interior and exterior Finishes of 20 residential buildings 25 6 October City
9 Interior and exterior Finishing of 10 residential buildings 14 6 October City
10 Interior and exterior Finishing of 15 Villas 13 El-Sheikh Zayed City
11 Constructing 15 residential buildings 55 6 October City
12 Interior and exterior finishing of 10 residential buildings 10 El-Sheikh Zayed City
13 Interior and exterior finishing of five villas 6 El-Sheikh Zayed City
14 Construction and finishing of one commercial mall and 75 6 October City
100 residential apartments
15 Constructing 20 villas and 35 residential buildings 210 El-Sheikh Zayed City




