Chapter 4: Risk Factor Assessment in Logistics Infrastructure Projects

41 Introduction

Risk management in logistics infrastructure projects is very critical to the
success of the project. As per the Project risk management guidelines
commonly used in performing the risk assessment by identifying the risk
factors, then allocating some probabilities to each risk factor and assigning
some value to risk factor’s impact, after that identifying the critical risks of the
project and developing a mitigation plan around it. For this purpose, a
Probability Impact Matrix (P-I Method) is used. This is a widely used method
for al the projects invariably for projects in the Infrastructure sector, IT
Projects and projects of other different nature. This study has been carried out
in detail to evaluate the effectiveness of this process in logistics infrastructure

Projects.

Airport infrastructure development project has been considered for this
research. A comprehensive literature review has been undertaken to identify
risk sources, risk attributes, risks factors, risk categories. There is limited
research work available for logistics infrastructure projects. However,
inferences have been drawn from projects in other areas and have then got
substantiated and strengthened by expert opinions, in-depth Interviews,
questionnaires and inputs using their rich experience in the field. While seeking
expert opinions, experts in the field of logistics infrastructure development
projects have been consulted so that the inputs received are relevant to the

scope of this research study.
42  Literature Review

In project management, risks are taken as significant hindrances for
information technology related projects accomplishment. (Dandage, et. 4.,
2018). Sanchez et. a. (2016) concluded that there are number of studies
available on IT/software project risk management but there are very limited
number of studies have been carried out for Logistics infrastructure projects.

Megaproject development became complex and characterized by severa
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uncertainties that can influence the project negatively (Dimitriou, 2014;
Flyvbjerg, 2014; Brookes, 2015; Mentis, 2015).

Nevertheless, some projects succeed while some fail. Projects fail due to both
externa reasons which are beyond project managers control and due to internal
factors related to proper planning and management. Poor risk management is
most vital reason for project collapse and has become a key obstacle in the
mgority of infrastructure projects developed today (Kalady & Udhas, 2013).

Xu et a. (2018) studied and developed dynamic model that investigate the
interdependent effects on project schedule performance. Authors used hybrid
method combining system dynamics and discrete event simulation methods
and model is also verified using data of bridge construction project. Clarke &
Obrien (2016) developed a guiding operational framework as online dashboard
to advance decision making techniques for the better management of transport
infrastructure. Risk factors in construction projects were identified using
survey questionnaire methods and then analyzed using the Analytics Network
Process to getting most critical factors (Dada & Jagboro, 2007).

Delays in projects is defined as the deviation from the project duration defined
in contract period agreed by all parties. Any deviation in project devilry than
excepted is called delay. The delays on projects also causes the cost overruns
(Pickavance, 2005). Delays may very negative consequences and this created
conflicts among project owners and contractors. According to Abdul Rahman
et a. (2013), delays and in turn cost overruns may create financia risks to

project owners.

Wu, et. a. (2018) developed a three-dimension framework with three factors
probability, business impact and difficulty in detecting such negative events for
the public private partnership projects(PPP). Li et al. (2019) developed a risk
assessment framework that included risk aggregation, risk rating and then
interdependent risk interaction. Risk interaction was achieved using the
decision making trial and evaluation laboratory method (DEMATEL). Wang et
al. (2016) developed arisk assessment model based on an adapted and flexible

analytics hierarchy process and model was applied on cross see route project.
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Ahmadabadi & Heravi (2019) developed a structural equation model capturing
the risk interactions and project stakeholder’s expectations. The SEM model
provided risk rating as an output that can be sued to prioritize the risks. Lyu et
al. (2019) proposed a model to assess the risk of infrastructures using
trapezoidal Fuzzy AHP. Hu & Hsiao (2016) developed a model to address the
quality risks for an airline service provider. The developed Kano model
provides the satisfaction degree of customers. Rong et al. (2016) provided
different models for airport operational safety.

Chang et al. (2015) provided a moded for the assessment of international
airports specifically safety management system. The developed two stage
moded used the MCDM model. In the first stage model used ranking system
using ANP method and then DEMATEL model was applied in stage 2. MCDM
are versatile and provides the robust mechanism for the risk ranking (Hwang &
Y oon, 2012).

In complex large infrastructure projects, common risk assessment methods are
not suitable (Marle et a., 2013). Risks in any complex project are
interdependent and capturing risks will provide better picture of risk
interactions. The interaction complexity will further increase as project size
increases (Liu et a, 2016). In literature, several authors have used different
techniques to study the risk interaction among risk factors like Analytics
Network Process (Boateng et ., 2015), Interpretive structural model (Dandage
et a., 2018; lyer & Sagheer, 2010), fuzzy weighted ISM (Tavakolan &
Etemadinia, 2017) and SEM (Liu, et al., 2016). In such methods, authors have
tried to study the risks and their interdependences and their effect on three
project goals viz Cost, Time and Quality. In the literature at what level of risks
to be studied is not available. Risks may be studied at macro level or it may be
studied at the field level or very detailed manner. Literature also lacks in paths
of risk during the project life cycle. Such studies tend to contribute to risk
assessment methodology, most of them focused on cost, time and quality. The
way infrastructure development projects are managed plays a very important

role in the economic growth of the country.
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43  Research Methodology
The following approach was adopted to carry out this research work:

¢ Defining the research problem and scope

e Extensive literature reviews to understand the risks and the practices
widely used for risk identification and assessment

e Data collection through experts — Experts in logistics infrastructure
industry approached (Airports, Road and Rail); Identification of Risk
Sources, Risk Attributes, Risk Factors

o Data Analysis using P-I Matrix for Risk Attributes, Risk Factors, Risk
Categories

e Drawing Conclusions and going to the next step of the research

The approach followed to carry out this study is elaborated in Fig. 4.1 below.

Risk Attributes Risk Factors Risk Categories
[133 Nos.] | Extensive [29 Nos.] i [9 Nos.]

and Experts Input
Probability E - Consolidation of E - Consolidation of E
X Risk Attributesto | x Risk Factors to :
Impact : corresponding P corresponding E
: e R Risk factors E Risk Categories R
Project Objectives  _ - Probability and R - Probability and T
: ::::dule = Smpaer : impact s
- Cuality ascertained basis ascertained basis
1 weights assigned 1 weights assigned ;
Prabability and Impact L for each objective | N for each objective :
‘;‘:‘;‘;‘;‘;‘f;"_ﬂ“’ 4 - Revalidated by P - Revalidated by &
T Experts u Experts T
i 2 * 4 s
o s Assined o/ gach
* i
Risk Heat Map @ Risk Heat Map @ Risk Risk Heat Map @ Risk
Attribute Level Factor Level Category Level

Identification of Critical Risk Factors at each level

Using ANP Technique for assessing Critical Risks

Drawing Comparison / Conclusion

Fig. 4. 1 Identifying critical Risk factors through P-1 and ANP Techniques

Table 4. 1 lays down the ratings provided by experts for each risk attribute. The
weights assigned to each attribute are based on the inputs provided by the
experts and have been revalidated in the fina list.

Data Collection involved identifying the Risk Attributes at the micro-level,
Risk factors, Risk categories, etc. using literature Review and inputs from

experts. At every level of data consolidation, experts have been consulted and
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their inputs incorporated to ensure that data is relevant, and data anaysis
provides the best output as possible. As an outcome of the data collection, 133
Risk attributes have been considered contributing to 29 Risk factors which are
then further classified into 9 Risk categories.

For each risk attribute, a probability and Impact factor has been derived, which
is based on the input of experts. Based on the inputs received, it has been
consolidated using geometric mean to arrive at probability and impact factor
for each attribute. risk matrix and risk heat map was then developed for all the
133 risk attributes. Critical risk attributes have been identified with high
Probability-Impact factor score (above a score of 1500). The Risk Matrix for
attributes is shown in Table 4.1 and Risk Heat Map in Fig. 4.2. Table 4.3
shows the number of risk attributes lying in each of the 4 zones, i.e. Make Do,
Monitor, Manage and Mitigate. These 4 Risk zones indicate the severity of the
risk on a 5x5 matrix. Risk Heat Map in Fig. 4.3 indicates the mapping of each
risk to each zone. 16 out of 133 Risk attributes are lying under the critical zone,
i.e. Red Zone.

Risk attributes were assigned weights contributing to risk factors. These
weightages were used to derive the probability and Impact factor at Risk factor

level.
44  Probability and Risk Impact Assessment
44.1 Probability-lmpact Assessment at Risk Attribute L evel

Basis of the detailed literature review and expert inputs Table 4.1 is
constructed. Table 4.1 shows enumerated Risk attributes, risk factors, risk
categories in logistics infrastructure projects. 133 risk attributes contributing to
29 risk factors and in turn, contributing to 9 risk categories have been shown.
Table 4.1 shows the probability of occurrence of the risk attribute and its
impact on project objectives Time, cost and quality. Time, Cost and Qudity
risk factors are calculated multiplying probability and respective time, cost and
quality scores. The probability and corresponding time, cost and quality risk
factors are mapped on a Heat map shown in Fig. 4.2 to 4.4.

83



¥8

JUBLUSSASS V| ButuLe g Iy
%08 00T 000¢ 000¢ oe 0s 0s ov %00T Sys1y aTenbepeu] JUBLUSSSSS Y ubso a 174
' A1 )
Buiuue|d o1
%08 00cT 000¢ 000¢ oc 0S 0S 0] %00T WBWSSSSSY 1507 WeWSSassY) | _8.0 0Td
1S0) ’
Buiuue|d
an : _
%09 | 006 |00ST [ 00ST | 08 | 05 | 05 | 08 | %O0OT | .o miour)Russsy B 6y
. aulpwil
Seaolddy
%09 009 006 006 (074 oe oe o¢ %0t Aiornboy 84
Buiuued - o1
%0V oov 009 009 (074 o€ (0} 074 %0€ | OlrusdS [edNljod v\_uoz,mc%n_ cmmu.o JR<!
Jor|n :
SaId110d pue, it
%0V 00¢ 00)74 00)74 oT 0c 0c 0¢ %0€ she o [geot|ddy 94
Buuue |d 821nosa
%08 | 009T | 000z | 009T | of 05 | or | or | w0y | ] DU o S
o JUBWISSaSS Y 8d0ods we ado v ubsaQ
00V oov 000T 008 (074 0S (0] (074 %09 100014 arEnbepeu 95| 1Za!
JUBWISSISS V|
%0V 00¢ 00)74 00)74 0T 0c (074 0c %0€ dlwiouod] c€d
-0100S ldodw|  Buuuey o
o o U0 1722 1 en1dedu0))| JUSWSSSSS cmv__uwdn
%0174 00¢ 000T 000T oT 0S 0S (04 08174 1000014 SANOBBU| pIg-o.d seq| ¢d
0 Apnis Aujiqises
00V 00¢ 000T 008 oT 0S ov (074 %0¢ 100014 arEnbepeu| Td
101004 101064 9100 9100 9100 . [6]
PN e oo e e el ) o NN 2o S
NIGRAOM| fuend | swiy | FH B2 | fupnd |smpouss | mop [1'0RACK) SINALY | SSINALINYOSIY | S /ORI || I

pASTaINgLUNY XS1Y Te sbulrey 10edw | pue Aljicqedold T ¥ aldeL




a8

%0V 00¢ 00)74 009 0T 0¢ oe 0c %0T uoirenbas A jes |{4s
SjuewL.INba .
%0y | 00z | 009 | 009 | OT e | o0e | 0z | %ot funoes ez
SasUB0| | pue
%09 | 00 | 00ST | 0OST | oOT 05 | 05 | 08 | %0E | gusdu g Um0l Wz
: : -suonipuop|  UoId
%0¢ 00T 00T 00T 0T ot 0ot ot %0GT uo 11sefuo9 811suQ |liS| NIISUOD)| TZY
%0¢ 00T 00T 00T 0T 0ot ot 0T 9GT | SUONIPUO] SS3ITY/| 0cd
% (Uequn/eun.)
€0c | 00T | 00T | 00T ot OT | OT | OT | %02 | ygopuononnsuon 6Ty
uorebnsenul|
%0V 00)74 008 008 (014 (0% (0% 0c %0V [e21Uyda1099 8Td
arenbapeu| S 1y
auop fonuns| EHSANS 51
%0 | 00T | 00T | 00T ot 0T | o | OT | %S¢ roBojoseuoiy] SO MPUOD e LT
. als
SUONIPUOD 3Je JINg|
%0y | 00z | 00c | 00z | OT 0T | OT | 0z | %se popedeUn Ty
%0z | 0ot | 00T | oot | oT or | ot | ot | w0z PO ST
° juotendeld
Aliwe n
%0z | 00T | 00T | 00T | OT | or | OF | OF | %0z | aopienlsun e TR
-suonipuop|  UOID
%09 00E | 006 | 006 0t 0g o€ | 08 | %Or uonn|jod a1g| nsuon| SR
suonipuo)
%0V 00¢ 00¢ 00¢ 0T ot 0ot 0c %0¢ Byres W\ [AR=]
paIpaIdun
101004 101004 91003 9102 9102 [6]
ool e | S| e | oot | s | vodw o) subew [ el el o) 0
NIGRAOM| fyend | swiy | P B | (iend |smpouss | won  [1'FRA0I| BInALmy ALY SIS ORI | | s i




98

%09 0oe 00ZT 009 oT 0)% 0¢ 0] %02 | 8bBeuous EeLeRN 9gd
%09 009 00cT 009 0¢ 0)% 0¢ (0} 00GT KienipQ eUBEIN Ged
S0URLRIUR I\
%08 009T 009T 009T ov 0)% 0)% 0]% T4 ewd _Jcm_ ved
selddng|
%0 0074 01074 0074 0C (074 (014 0C %G2 wewdinb3 eed
10 A11jIqe| Ay
a15u0 uswdinba
%09 00T 00ZT 00cT ov 0)% 0)% oe %0¢€ Jue1D1}4e 1Y PBldjzed
J0 ANIICRIAY| yowdinby| YO
ABojouyas 1| - saninosay| N4ISU0D
uonoNISUOD)
%09 | 00ZT | 00CT | 00ZT | OF ov O | 08 | %02 | ormou pue vou Ted
jo Allige| Ay
SuonoLISal
%02 00T | 00E | 00T 0T 0e 0T | OT | %0C SN0y BUBLIOM 0eY
o 0 Buiuuve|d
%609 00E | 006 | 006 0T 0e 0 | 08 | %0Z | 5 1osey WK 62
iy logqe | Bld
%08 0/0)7% 00ZT 00ZT 0oT (0] (0] 0]% 90T SJUSP IV JOCET - seoinosay| 100e | 8¢d
%09 0oe 006 006 ot 0] 0] 0] %0T seINds1p Jnoge] /cH
%09 009 006 006 0¢ (0] (0] 0o %02  |Aljige|reAy Jode 9¢d
AlIAnonpo.id
%08 009T 009T 00ZT ov 0)% (0] 0]% %0¢ [N STda
S||IS J1ode]
(%) LMW_M”_ LMW_W jope- me%m_ me%m_ me%m_ 21005 A1| syBEM [eeT] lez]s Jowes | Lo%_ao al
Ajiqeqoid fiend | swny | PO fiendy | onpoups | mon  [N'MEA0A| INALNY | SOINGLINYOBIY | SSIA /OB | L S




/8

-Slked ™
%09 009 00¢T 006 0c ov oe o¢ %0 | SousLedX3 Wes | poloid UBB( 64
0 Ansnpuj| "
%0V 00¢ 00¢ 00¢ 0T 0T 0T 0c 0GT a1 u1 Bupuels
|0Ju0)D)
0 00¢ 0T 0T 0T (074 %02 pue JUSWBA|OAU| JAZs
Y00 00¢ 00¢ B TS Mﬂmmw
EY e S Iy
%0¢ 00T 00T 00T 0T 0T 0T 0T %ST uomezeblo Mﬁm uBsa( 9y
Abarens waloid
%0¢ 00T 00T 00T 0T 0T 0T 0T %02 JueweBele |\ : S12e
(ddd
%0¢ 00T 00T 00T 0T 0T 0T 0T %0¢ PEALd PIand) 1472
adA 1 eump
SUO IR RS9
%09 009 009 00¢T (014 0c o 0¢ %0T ooud RN ey
UBWIBINJ0.Jd
%09 009 00¢T 006 (014 o (013 0¢ %ST BRI fAs
SIOpUB A
%0V 009 008 008 (0138 o o 0¢ %0ST 10 A1 ICRIeAY Ty
SIOpUBA v
%0¢ (00]7 (00)7 (00]7 (0% o o 0T %0T POIRUILON
Ajodouo |\
%0¢ 00T 00¢ (00]7 0T 0¢ ov oT %S R 6cd
uonx®key
%09 009 006 009 0¢ o¢ 0¢ o¢ %S pue elerw B MS1™(8ed
BuiwiojuoD-UON| RLBRIN 4|  uond
abewre| S90IN0Say| NIISUOD Jey
%09 00€ 006 006 oT o¢ o¢ o¢ %8S pUe 1Y [eLeR
91005 | 9IS [62] s 01084 l6] al
(%) Deed | B8 opey | S E iy [21095 A3 | swBem [eeT] K10
}S| Sy 1oedw| pedw| | pedw| SI
Avjiqeaod \cv“_mso sl | PO s |empous | wmon [NGRU0 SNAIMY | sonaLmy s | SRR [ yc |




88

poIpUey
%0t 00z | 00z | oov 0t 0t 0z | oz %G Buseq spefoxd zod
welind JO 'ON
uonnoex3 Jo
%0t oo | 008 | oov 0z o 02 | 02 | %0T | poods somenion oY
uolendsy
%0t 00z | 00z | oov 0T 0T 0z | 0z | %ot oPeiLo 09y
S1013e.JJu0d
%09 | 00 | 006 | 006 | OF oe | og | og | %s o oned o 6
Aioe|en 500014 nisuo
%09 06 | 006 | 006 0e 0e e | 0e | woz |, so%mQM:_xM 1910 NS0T gy
%09 | 00ZT | 006 | 006 ov 0g oc | og | %0T | >hom joAuend 1=y,
Abojouyoe ||
%09 006 | 006 | 006 0e 0e oc | oe %G YOI 1055 oGy
paiienb
%09 006 | 00zT | oozt 0e o or | og %G oid JoBenos e
Aoueby ubsaQg
%0t 009 | 009 | 009 oS 0g oc | 0z | %oz poolB Ot oy
%0t oo | oor | oov 0z 0z 0z | 0z | %ot 10113 ubsa( £S5
Sjuelnsuo)
%0t oo | oor | oov 0C 0z 0z | oz %G S04 zsd
ubsap
%0t oo | oo | oov 0z 0z 0z | 0z | %oz 0 velduon M
! wea ||
Aep
%0z | 00T | 00T | 00T | OT | O | OT | OT | %St 205 1olon) o s 05
101004 101004 91003 9102 9102 . . . [6]
AR s Eor P e
NICBAOM| frend | ol | P90 fuend | smpows | won  [NOBIOM| anaimy | sonqumy s sk /et [T 0| e




68

0 1oddng
30174 00¢ 009 00¢ 0T (013 0T 0¢ %S2C JUSWLBAOS /4
%0¢ 00T 00T 00T 0T 0T 0T 0T %SZ | Allige|reay pueT B €L
uo 1lesuadwio) onsinboy)  uono
%0¢ 00T 00T 00T 0T 0T 0T 0T %SC c_.mw:_:o_ na pueT naisuo)| gz,
uonisinbae pue|
%0¢ 00T 00T 00T 0T 0T 0T 0T %SC U1 S9NsS| B100S T/4
uonnNI|Xg
%0¢ 00T 00T 00¢ 0T 0T (074 0T %02 10 _omma.m SN 0.4
%0¢ 00T 00T 00¢ oT oT 0c oT %S 1enuo) joadA L 694
1eloidayy (DINd) W
%09 006 006 006 (0} (0} (0} oe %0¢ 10} Auljice | ren v awebeue N o1 894
92IN0Say 1% lo1d 0o _.HJ
Syoeyo| -sen -
%09 00g 006 006 ot (0} (0} oe %ST - bsc<mw_gow_m U&%M nJsuod| /9y
Sa0URINSS VY|
%01 00¢ 00¢ (00]7 0ot 0T 0c 0c %0¢ Aiend 994
aoue lledx3
%09 00g 00ctT 009 0T ov (014 0¢ %02 90IN0say g9
pako|deQ
(ddd)
SUBLUI ILUILIOD),
%09 006 00ctT 00ctT (0138 o o 0¢ %0T IeN1IRIL0D O] 794
aoue!dwod-uoN
0 uolezijnn
%09 009 00ctT 006 (014 oy (0} 0¢ %ST 50IN0SY €94
101004 101004 91003 9102 9102 [6]
el e | et |, o0 | e | oo | ped o) woem | een) sl o o
NIGRAOM | fuend | swiy | P B2 | Kupnd |smpouss | mop [1'0RACK) SINALIY | SSINGLINYOSIE | IS /ORI | | I




06

SIURJISUOD

%0¢ 00T 00T 00T ot 0T 0T 0T %0ST BuIpUN /84
Aduenipp

%0¢ 00T 00T 00T oT 0T 0T 0T %¢ ubse@ BN 984
[eloueulj Jood
AlIAnBUSS

%08 (00]7 (00]7 008 0T 0T 0¢ ov %< Skl INOge T G8d

%01 00¢ 00¢ (00]7 0T 0T (04 0¢ %0T »s1q ApnbiT 784

I S|
%01 00¢ 00¢ (007 0T 0T 0¢ 0¢ %0T %Sy Ainb3 jeoueu IHe pueu 4| €84
%0F (00]7 009 009 0c 0¢ 0g 0¢ %0T azIS 100oid 284
Aljeo
%08 (00]7 00V 009T 0T 0T ov ov %< mﬂm_m v_ﬁ\h/ 784
Aljeo

%09 | o006 | oot | oozt | oe o | or | og | %z - Ec_u .,__ouw_aw 08y
JuBLIARH

%01 00¢ 00¢ 00¢ 0T 0T oT 04 %¢ ssuB01g Apwi | 6.4
Arioede)

%09 00g 00g 009 0T 0T (014 0¢ %0T BIOURU I BUMO 8/4
ary Adua.ln)

%08 (00]7 (00]7 008 0T 0T (014 (0]74 %0T u1eBUeYD YRS

%01 00¢ 00¢ 00¢ oT oT oT 0¢ %S Kepp s010AU| 9/4
S3914d

%08 00¢T (00]7 008 0¢ oT 014 0]7 %S ul co_HmEoJ H G/

101004 101004 91003 9102 9102 — [6]
PO el el e el ol N e 0 S
WI9e90Md| fyendy | swny | TR0 | fiend |smnpowps | w0y [1GEACd| @InaLmy ALY OIS | I /OB [T I




16

[eno.dde 1Y)
%09 009 006 006 0c oe oe o€ 00GT pue syiwed Jo) /64
w1 nbal ay ||
Siuewe.Inbal
Aiienb sy EH
%09 | 009 | 009 | 009 | OZ 0c | Ooc | og | %se 10 Enyeauey ¢\ e BORIIOd) 96
‘Alore|nBai y1m / ebo
2oue||dwoo-uoN
%09 00g 006 006 0] o€ oe o€ %05 BpIO pue Me G6d
%09 00€ 006 006 0T oe oe o€ %S¢ uonisoddo o1jgnd B B v6d
oIWLOoUcoT|  uonod
%0z | 00T | 00T | 00T | OT | 0T | OT | OT | %SZ | ©' ogenpuey 0S| MSUo0 e
01euadg
/diysiepes
%02 00T 00T 00T o1 0T 0T ot %0¢€ EONI[0d c6d
u1abueyd
B
%09 | ooe | ooe | 006 | OT ot | og | o | wog | SUoEmDeMpE - osRd Ll Tey
b meTurssbueyy  [eanijod _m\_m%m
%02 00T 00T 00T ot ot 0T ot %5 suonnionsy | 064
pue s\
%09 00€ 00e 00€ ot ot ot 0og %5 HOINISLOO 684
pue Alequg
s19loud
%0t 00c¢ 00¢ 0/0)7% oT 0ot 0c 0c %0¢ 40 JuewebeLew 884
eUeuly
aAIDRRU|
(%) LMW_M”_ LMW_W jope- me%m_ me%m_ me%m_ 21005 A1| syBEM [eeT] lez]s Jowes | Lo%_ao al
AMNIGRA0M| frend | swir | E| fend |sinpoups | moy MRG0 BINGLIY | sanaLmy s | I /BId || s




6

%0V

00¢

00)4

ooy

0]

(074

(04

(074

%S¢

(ddd)

SJUBWI IWIWIOD
[enize.juo) oy
aoue!dwod-uoN

%09

00€

006

006

0T

0o¢

og

og

%0¢

SuoIr e/
10.27110(0)g)

%09

00€

006

006

0]

0o¢

0o¢

o€

%S¢

suolebn
‘5101021]U0D)

pue SBUMQO
$S300.d 3y}l
Buouwre aiNdsIp v

%0¢

00T

00T

00T

0T

0]

0]

0T

%ST

SS300.d premy|
pue uoirenens
19e1u0D

u1 Aoueredsuel | |

%09

00€

006

006

0T

0o¢

o¢

o€

%ST

Suo11puo))
‘SjusweInbay
[en1geluo)

Sjts
[e10JoWwWo)

i
e
IOLULLOD)

90Ty

G0Td

0Td

€0Td

c0Td

%01

00¢

00¢

008

0T

0]

ov

0c

%0t

uolrezieuo redo)
suoiebni

%09

00€

00cT

00cT

0]

ov

ov

o€

%09

uonnoex3 19 lo1d
Bulinp suoebni

Y1y [ebe

s
eoniod
/lefa

10Td

00Ty

%0¢

00T

00T

00T

0T

0]

0]

0T

%SE

Senljod
Alor|nboy
aAIRIPaIduN

%08

0074

009T

009T

0T

ov

ov

ov

%S¢

Sfenoidde)
Alore|nbal
ul AepQ

664

86d

()
Anjigqeqoid

JlojoeH
N
Auend

101084
IS
|swill

JlojoeH
1Y 1500

EYORS
1oedw|

Auend

EYORS
1oedw|

9|NPEYAS

EYRS
1oedw|

100

21035 A}
11qeqo.d

sybM
aINqliny

[eeT]
seInqliny siy

[62]s 10104
ISIY /81

6]
Kiobare)d

S

al
kSite




€6

%09 00cT 006 00¢T 0] oe o og %05 N LTTY
uopeing peloid| B! Y]
anpatps] °MS uBeg
%09 00cT 006 00¢T 0] oe (0] oe %05 soel] 158 1aloid oTTd
SiuewL.Inbay
%08 009T | 00CT | 00cCT 0] oe oe ov %0T Aiend oy QTTd
aoueldwod-uoN
Allige| Ay
%08 00cT 009T 00cT (0] (0% oe ov %0GT 92IN0say 71Td
e RINsu|
S3.NPa20.d
%0V 010)4 (010)4 (010)4 (074 (074 0c 0c %0T uo119N.IIsU0D cTTd
WeRIBU|
sanbiuye ||
uo11oNAISU0D),
%0¢ 00T 00T 00T oT 0T 0T 0] %0T pue BuLseU IBUT [ANRS!
uanoidun
%09 00€ 006 006 0T og oe og % sbuel
0T | yBsag Auew 0o | v_w_mﬁﬂm_
. »I .
uono
%09 00€ 006 006 oT oe oe oe %GT adoos ulabueyd| [eouyoe ] n :wcoumuoﬂw_
uoiebiseAu|
%0V 00¢ (010)4 (010)4 oT (074 (074 (074 %0T o115 aTenbapeu] 60T
Uo 1221410905
%0V 00¢ (010)4 (010)74 oT (074 (074 (074 %0T atenbapeu] 80T
%0V 00¢ (010)4 (010)4 oT (074 (074 (074 %0T |ubIsS@ ap|dwodu| 0T
101004 101004 91003 9102 9102 [6]
PO el el e el ol N e 0 S
NIGRAOM | fuend | swiy | P B2 | Kupnd |smpouss | mop [1'0RACK) SINALIY | SSINGLINYOSIE | IS /ORI | | I




¥6

aoueedwWOooU [juewebeuey|  MSIM
%08 | 009T | OO¥ | 008 oy 0T 0z | OF | %0E Jopiedo swomeedo  ypoletd
suonnoAsy
%02 00¢ 00T 00T 0¢ 0T 0T ot 90T pue e 9CTd
%02 00¢ 00T 00T 0¢ ot ot ot %G1 lelsesid eineN N 1M GCTd
oborges| ekl
%0 009 | 009 | 009 0€ 0 0c | 0z | %Sk 2NN %14 sauodiyzTy
01 afewe(
S901N0S9Yy
%08 00T 009T 009T (0] 0)% 0)% 0]% %0¢ 10 A1IAIONPO. (YA Ra
% 0 ssouaR [dwo)
009 009 006 006 0¢ 0] og 0og %G alWsg [4ARS
S101321u0D)|
pue s.efeue |\
%08 008 009T 00ZT 0¢ 0)% (0] 0]% T4 100014 pa|[PE 4%
j0 AJljice |ereun
SMSIY 3INP8YdS
%08 008 009T 00cT 0¢ 0)% (0] (0,7 %02 10 ewebeue 0ZTd
uolezinn NS
9821N0Sa . uswieBeue |\ B
0 0 aA1109))oul 1weloid| ublsAQ
%609 009 | 006 | 006 o4 0e 0 | 0E | %01 10 1Un0o08 6ITY
Uo Uo e jeass)
1500 pue awl i ]|
Buio1iuow 19loid
%08 008 | 009T | 009T (04 0] 0] 0] %02 pue Buiuued 8TTd
109 l04d BANDBJJoU|
(%) LMW_M”_ LMW_W jope- me%m_ me%m_ me%m_ 21005 A1| syBEM [eeT] lez]s Jowes | Lo%_ao al
Ageqo.d fiend | swny | PO fiendy | onpoups | mon  [N'MEA0A| INALNY | SOINGLINYOBIY | SSIA /OB | L S




S6

"MOBQq UMOUS S|elep ay) jod se de\ TeaH Jo suoz
peY Ul paiepsu0d 0ST Ueyy Bybiy 8103s |-d "A)end pue 150D ‘8 npayds 404 81038 1oedwl| y3im a103s Ajljiqeqo.d BuiAdninw Ag perenoed
9JOM SB103S |-d "BINC LI dS1 Ydes Joj Ues |\ 0118w Buiel Aq perelbebe alem sioe) ay L *(0S pue OF ‘0 ‘02 ‘OT) 0S 01 OT Wol) ajeds
uo s1edxe wodj ybnos (A11end pue anpayads ‘1500) S9ANBIGo 198foud 384y1 8yl |[e 10} aINgLnTe »S1 ydes 10) S9103S 19edw | pue A11)i0eqoid

MSIY UBWIUOIIAUT
%02 00T 00T 00T oT 0T 0T ot %01 P ceTd
AN
%0t 00¢ 0/0)7% 00c¢ oT (074 0T 0¢ %02 PSIY 19edw| oS 1M Iy cETd
onm:.O onm:.O
%09 0oe 009 006 ot 0¢ 0] o€ %0V ASIH puewed TETH
Igel
%08 008 0/0)7% 008 0¢ 0T 0¢ 0]% 00GT ow&m_vmmo\m_/ 0ETH
A1oede)
%09 00T 006 009 ov (0] 0¢ o %S¢ 1o Aiend 6¢Td
feuoirsedo
O
%0t 008 00¢ 000T ov 0T 05 0¢ %0¢€ Buireedo hw_u_uu_ 1 8¢Td
101004 101004 91003 9102 9102 . . . [6]
£ Ao\ov Sy Sy L_opomm_ 1oedw| pedw| | pedw| _m_Loomo\MH mwu%m_._w; so1n mﬂ_ - [6c]s 1010 AloBore) ail
11]iIqeqoid Auend awil | X1 1300 Auend | sinpeyps | 109 I[Iqeqo.d| anqliniy NgUNY XSy XS /81 S i1




96

paz1al bueq wWwoJj uossiw
ybiH Al A 4¥ 1wena.d ued ‘pauatealy) buieq ApAndalie awooul
pue uoieindal sssusng 1oedwl| eO1LD 1N 0S
paz1al buq wWwoJj uossiw

ubIH 44 WwenaId ued ‘pausiesiy) Buieq ApAnos e swooul
pue uoieindal sssusng 1oedwl| eO1LD 1eoNID 014

"}l punoJe

Bu yiom yrim sebus | eyo ‘13edwii snotes :ybiH 0¢
"puno.Je pa)JoMmag Ued 1Ng suoiesedo 1094Je [[IM 11
‘leuoiresedo AOIIIS J1 [S90IN0SaJ 1UB.IND Y1IM 3 |oeX 1)

a1e/epo N

Mot Iq 1UeOIUBKS S1 JUNOW. 0NF/BUIlBIS S [elUeul)
J| "®|0es0nou pue Jueoyiubis s1 10edw :BRBPON 02

Mo ABA 44 3y1 uo 1a4e 8|qibiBeu aq ||1m sy} ‘Allfesl
Sawi0%aq s ayl J1uaAg 19edwil |fews AJBA LIOUI 0T

SO N »S1H
31 01 9oUBPUOCSaII0D Jegelpsag
1OVdINI

uaddey ||1msiy) — Aurened
%001 UBIH ABA ue/e 1o Buluaddey Jo aoueyo ybiy AeA :pa1sedx3 0S

o BiL Ao uaddey ||1msiy) — Aurened
%08 UOIH ABA ue/o Jo Buluaddey Jo aoueyo ybiy Asen :pe1sedx3 oV
%09 ybIH uaddey 03 A 17 A1 0g
%0t wnipa Buueddey jo aoueyo |ews ApxIuN 0C
%02 MO Buiuaddey Jo adueyo |ews ABA a1y 0T

SO URIN »S1H
3] 01 90UepUOdsa1I0D

uonduossaq

AL1119vVd0dd

:MOpg Se paz 1106210 SaAeiqo 1981014 uo 19edw | pue A11j10eqold 10} S9100S



L6

"[pAa| Jo13e)
11 e 91035 19edw| pue A1ljigqeqo.d ayl arnd o 01 pasn ajem safielyb iom asay] 'S1013e] XSI11 9A0adsal ay) 01 Bungiuod pAs| aouenodwi
IBY) siseq (%) siybeM e paubsse alom SaING LR YSIY 'SSING LR YS1 [e211LID PBIe0IpuUl YoIym pay Ut paiybiybiy st Xure N |d Jo 8103 ybiH



Table 4. 2 Risk Attributes count : P-1 interval Impact on Cost

Probability

Impact

Table 4.2 indicates no. of risk attributes lying in each range. that 12 risk
attributes lie in Mitigate zone, i.e. critical and to mitigate. 52 risk attributes
Manage zone, 34 in Monitor zone and 35 arein the 'Make Do' zone.

Risk Assessment Heatmap

Sy
R7S, R77, R85, R127, R130 RZ5, R2B, R114, R115, R130,R121 | RS, R34, RB1, RIS, R118, R123
s - Fad

Ta
RE, R13, RI6, R27, K29, R37, R42, KA, RS
57, 58, RS9, AES, R, RS, 191, ke, R31, R32, R43, RSS, R4, RED, A100,
R95, A7, R102, R104, R105, R110, AL R116, R117
R119, R122, R131
3 :
P 3

PROBABILITY

R12, R16, Ra7, R4S, R74, R76, A R3, RE, R33, RS, RS2, RS3, RGO, RE1, ol
ni32 R Ree A3, s, a8, 106,07

R108, R109, R113

Fig. 4. 2 Risk Heat Map for Impact on Cost at the Risk Attribute level

The heat map in Fig.2 maps al the risk attributes in various risk zones
depending on the criticality
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Probability
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Table 4. 3 Risk Attributes count P-1 interval impact on Schedule

Impact

Risk Assessment Heatmap

R7S, R77, RB1, RES, R127, R130 R2E, R115

R43, RIE, R13L

R26, R27, R29, R37, R38 RS6, RS?

RZ5, R34, R98, R114, R118, R120,
‘R121,R123

759, RB7, 68, R34, k95, R97, R102, R31, R32, R3S, R36, R42, R49, RES,

R104, A10S, R110, AL11, R116, RIL7, R118
R129

R24, B33, RS1, RS2, RS3, R106,
. R108, R109, R113, R132

R7,R23, R54, R74, R8Z, R124

R14, R15, R17, R19, R20, R21, Rad, R4S,
4B, RS0, RES, A70, R71, RTZ, A73, RE6,
BES Ri7, R90, ROZ, R93, R99, R103, R112, R12S5,
R126, R133

10 20 0

RE3, R64, RES, RE0, R100

R1Z, RAL, REL

LS

Fig. 4. 3 Risk Heat Map for Impact on Schedule at the Risk Attribute level
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Probability

PROBABILITY

Table 4. 4 Risk Attributes count P-I interval Impact on Quality

0

21

I mpact

Risk Assessment Heatmap

50

|R13, R22, R27, R29, R3E, R37, ASA,
RES, RE7, R78, RES, R91, R94, FRS, R26, R35, R38, R42, R43, R4S, R
RI00, R102, R104, R105,R110,f | | R96, R97, R119, R122
RI31

w
-]

R1, R2, R3, A6, R1Z, R16, R23, R24,

20

R14, RIS, AL7, R19, A20, R21, A30, R39,
§ 144, RA5, RAG, RSO, RED, 7D, R71, B2,
£ 773, RES, RET, RO, RI2, K93, 9, 103,

10

IMPACT

Fig. 4. 4 Risk Heat Map for Impact on Quality at Risk Attribute
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Table 4. 5 Critical Risk Attributes as per the P-1 Assessment matrix

Risk Risk . . . Probabi .
D Category Risk Factors | Risk Attributes lity Cost | Schedule | Quality
. Scope Improper
R5 D.es' an Assessment Resource 40 40 50 40
Risk . :
Planning Planning
Desian Timeline Improper
R9 Ri skg Assessment | Project 30 50 50 30
Planning Schedule
. Cost
R0 | DP9 | Accesgment | OO 40 | 50| s0 | 30
Risk . Assessment
Planning
Desian Risk Inadequate
RIL | 229 Assessment | Risks 40 | 50 | 50 30
Risk .
Planning Assessment
. | Site Delay in
R22 Constructl Conditions- | permitsand 30 50 50 10
on Risk . :
Location licenses
Labor Skills
Labor Resources -
R25 Risk L sbor Risk Level/ N 40 30 40 40
Productivity
. | Resources- .
R34 Cons_,tructl Equipment EqL_lement 40 40 40 40
on Risk ) Maintenance
Risk
Legal/ , .
ROL |Political | oo | TacRae 40 |40]| 10 | 10
Risk y
Legal/ Deay in
R98 | Political R_egulalory regulatory 40 40 40 10
) Risk
Risk approvals
. : Insufficient
R114 | Constucti | Technical | pooy oo 4 |30 | 40 | 30
on Risk Risk s
Availability
Non-
Constructi | Technical Compliance
RIS | onRisk | Risk to Quality 40 130 ) 30 | 40
Requirements
Ineffective
Desian Project project
R118 | 039 Management | planning and 40 40 40 20
Risk . .
Risk project
monitoring
Desian Project Management
R120 | o Skg Management | of Schedule 40 | 30| 40 20
Risk Risks
Project Unavail abilit
R121 | PSSO | Vanagement | Y Of Skilled 4 | 30| 4 | 20
Risk : Project
Risk
Managers

101




F\:isk Caljeig:)ry Risk Factors | Risk Attributes Prﬁ?;bi Cost | Schedule | Quality
and
Contractors
. Project o
R123 | PSSO | ianagement | PYOAUCVIt g 40 30
Risk Risk of Resources

The above Table 4.5 indicates all critica Risk attributes with high P-1 scores
and are critical to mitigate. RS and R34 attributes impact all the three Project
objectives whereas R9, R10, R11, R22, R98, R118 and R123 impact both Cost
and Schedule objectives.

4.4.2 Probability Impact Assessment at Risk Factor Level

Table 4. 6 Probability and Impact Ratings at Risk Factor Leve

S. No. Risk Category Risk Factor Probability S?:g?e chcidrléle QSI::?)Iri;y
Commercial Commercial
1 Risk Risk 20 20 20 10
o | Construction | o onmental 20 20 20 10
Risk
3 C_onstructl on Site Sub- 20 20 20 10
Risk surface
4 | Construction | gy oeation 20 30 30 10
Risk
5 C_onstrucn on Equipment 30 40 40 40
Risk
g | Construction iy, erial 30 30 40 20
Risk
7 | construction o actor 30 30 30 20
Risk
. Project
8 gi"fr”m o | Management 20 20 20 10
(PMC)
. Land
g |Construction | uisition 10 10 20 10
Risk )
Risk
Construction Technicd
10 Risk Risk 30 20 30 20
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. . . Cogt | Schedule | Quality
S. No. Risk Category Risk Factor Probability Score Score Score
. Socio-
1 | construetion | omic 30 30 | 20 10
Risk )
Risk
12 | Customer Risk | Sustomer 20 20 | 20 10
Risk
Pre-bid
13 | Design Risk Assessment 20 40 40 10
Planning
Scope
14 | Design Risk Assessment 30 40 50 30
Planning
Timeline
15 | Design Risk Assessment 30 50 50 30
Planning
Cost
16 | Design Risk Assessment 40 50 50 30
Planning
17 |DesignRisk | NI 40 50 | 50 30
Assessment
. : Project Owner
18 | Design Risk Engagement 10 10 10 10
Engineering
19 | Design Risk and Design 20 20 30 20
Team
. : Project
20 | Design Risk Schedule Risk 30 40 30 40
Project
21 | Design Risk M anagement 40 30 40 20
Risk
Regulatory
22 | Design Risk Framework 20 30 30 20
Planning
23 | Financia Risk Financial Risk 20 20 10 10
. Force Mgjeure
24 | Force Mgeure . 10 20 20 20
Risk
25 | Labor Risk Labor 30 30 30 10
26 | LS9 /POICA | pojirical Risk 20 20 | 10 10
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Cogt | Schedule | Quality

S. No. Risk Category Risk Factor Probability Score Score Score
Legal and Regulatory
27| political Risk | Risk 30 201 2 10
Legal and .
28 Political Risk Lega Risk 30 40 30 10
Operationsand | Operations &
29 | Management M anagement 30 30 10 30
Risk Risk
Table 4.6 has been arrived by working out Probability and Impact factors for
Cost, Schedule and Quality based on the weightage assigned to each attribute
asindicated in Table 4.1. Heat Mapsfor P-I for each objective has been carried
out as indicated below.
Probability- I mpact Assessment at the Risk Factor level
Table 4. 7 Risk Factors count - P-1 interval Impact Cost (RF)
Very
50 High 0 0
40 High 0 0 1
> 30 Medium 0 2 5
;?U 20 Low 0 8 2
2 Very
o
£ 10 Low 2 1 0 0 0
10 50
20 30 40
Very : Very
Low Low Moderate High High
Impact

Table 4.7 indicates that 3 risk factors lie in Mitigate zone, i.e. critical and to
mitigate. 11 risk factors in Manage zone, 12 in Monitor zone and 3 are in the
'‘Make Do' zone.
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PROBABILITY

Probability

Risk Assessment Heatmap

50

w
-1

20

-‘—,_ R1, R2, R3, RS, R12, R19, A23, R26

10

30
IMPACT

Fig. 4.5 Risk Heat Map for Impact on Cost at the Risk Factor level

Table 4. 8 Risk Factors count P-I interval impact on Schedule (RF)

Impact
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Probability

Risk Assessment Heatmap

R7, R10, R11, R20, RIS, R28
o 8

PROBABILITY

F23, 526 SRy RI,R2,R3, RE, R12 R4, R18, R22

Fig. 4.6 Risk Heat Map for Impact on Schedule at the Risk Factor level

Table 4. 9 Risk Factors count P-1 interval Impact Quality

Impact
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PROBABILITY

Risk Assessment Heatmap

50

w
=]

20 [0 RL R2, B3, R4, RE, R12, R13, R23, 26

10

Fig. 4. 7 Risk Heat Map for Impact on Schedule at the Risk Factor level

107



80T

B
0z o€ 0z o€ %02 I BOMURL | suon | OF
¥S1q uonsinboy s
o1 0z o1 0T %S pue7 | uonmonnsuoy | ©
(Od) I
ot 0z 0z 0z %0T WBUBBRUEI | o0 nsiory | 8
1[04 .
B
0z 0 0 0 %GT JORENUOD | onsuony | £
B
0z o o€ 0 %0T BB | o onnsuon | ©
B
o o o o€ %GT wewdinba |0 suon | S
B
0T 0 0 0z %S UOREXOTAS | oponnsuoy | 7
) B
o1 0z 0z 0z %S SRUMS-ANSAS | ononusuon | €
B
0T 0z 0z 0z %G 0z > > > BIBWUOIAT |\ o nction | ©
B I
o1 0z 0z 0z %00T 0T 0z 0z 0z eoowwoy | eoewwoy |
(oY)
>Em_v (du)e mnw_w_nvu Cvﬁ_uwuwm_mvn_ Anend | ainpeyos| 100 | AloBered
muw_mnw_mo _wmwumm 91005 So.om S0eWBPM | 51005 | 005 | @l00S i joye=f X1 Pstd | AloBered 381 | 'ON'S
1oeduw | edw | wedw| | Ajigegoid wedw | pedw | oeduw b_m__rﬂo%ohn_

91106910 ¥s1y 01 Bunnguod J013e4 sy 1o abeybiepa 0T 2|l

‘e8| A1oba1ed s 1y Te 9100s 19edwi| pue Alljiqeqo.d Buirenofed Jo) Ino paliied SI Uuoik|nded uoirebalbbe awes 1019 Y51y aA10adsal o) dn
Bulwwins pue $9109s aA110adsal Y1 im safielybieom ayl BulAdinnw Aq par|nded S1a.109s 19edw | Aloba1ed Ys1i aAnsedsal ayl 01 Bu nngLIuoo Joioe)
»¥S1 yoes 1o} safelybiem ay) suonuaw Csfe 1] " pAs| J013e) s e Allend pue awl] ‘IS0 10} S8103s ys1i pajybiem ay) aedipul Mopq 0T v 9|ce.L




60T

»i
(074 0] o¢ ov %0T Jueweleue |\ | sl ubseq | TZ
1% o1
»i 6
0] oc 0] (0} %0T a|npauds 18 o »guosea | 0¢
wea | ubsaQg
0c o€ 074 (074 %0T pUe BuBaUIBUS wiyubseqg | 6T
JusLBbEebu]
0T oT 0T oT %0T PUMO 1910, wiqyubseg | 8T
o¢ 0S 0S o %0T JuBWSSaSSY XSy | sy ubseq | LT
Buiuuved
(01 0S 0S ov %0T JUBLLSSISS Y/ 1500 ¥y ubseq | 9T
Buiuuved
(01 0S 0S oc %0T ewssessy | Ysijubse@ | ST
sulpul L
Buiuuve|d
(01 0s 0] (0} %0T Jewssessy | iy ubsed | T
adoog
Buiuuve|d
oT 0] ov (074 %0T (074 (01 oc (04 ewsssssy | sy ublsed | €T
plg=id
_
oT 0z 0z 0z 9%00T ot 0z | oz 0z Y51 BWOsND mgows.w )
»i »i
0T oc (01 (0} %0T SILOLUIT-0P0S |  UoINISUOD TT
(0y)
>An_m_vo (3u)e mnw_w_nw Cvﬁ_uwuwm_mvn_ Anend | ainpeyos| 100 | AloBered
M“_th _Mﬂwumw 01005 m;o.oW abeybe M 91095 91005 91005 By Joye4 ys1y /sty | AioBered »siy | 'ON 'S
pedu| pedu| pedw| | Anjigeqoid pedw || 10edw] | 1Pedw| 9102

Auigego id




0Tt

-~ s
: p10=100=1420 =3I
(0] 0]} (0] (0198 %00T oe 0]} o€ oe usWwabeue pue 6l
®»  suoliriedo suo Ao
A1 eanlod
0 R [ebo
0T oe ov (0] 00t BIY e pue ebo 8¢
0 i fiorinBa AS1Y [eantjod
0T 0c 0c (0] 00t X1 Alore|niday pue ebo LZ
K1Y eanlod
9 1 eoni
ot ot 0c 0c 0002 ot 0c (01 (0:% AS1Y [eantiod pue ebo 9c
ot oe o€ (0] %00T ot o€ oe (018 1oge ASI loge] | G2
0 MSys] VLI
0c 0z 0c ot %00T | 0OC oz | oz 0T oInole 20104 ooy | 72
bSYlal
0]} ot 0c (014 %00T ot ot 0c (074 1Y eoueulH B DUeU ec
Buiuuved
0c oe o€ 0c %0T Jlovewe.l ¥ ubseq | 2z
Alor|nboy
(ou)
(44) (ER)E] (4) (oroe4 Auend | sinpayos| 10D | Alobere)
AuEend | Inpeyos | 0D B e 1 K 1060 ON *
UOBPM | 51005 | 21005 | 91005 . Jo1oe4 xsiy /sty | Asobered »sid| ON 'S
91005 91005 21005 21005 g g g
wedw| | wedwl | pedw| | Anjiceqoid PECHIT | PECHIT RBAl) - 04S

Auigego id




44.3 Probability and Impact Assessment at Risk Category Level

Table 4. 11 Probability and Impact Rating scores at-risk category level

S. No. Risk Category Praobability glosskt ch(ieg(ule Q;?ity
R1 | Commercia Risk 20 20 20 10
R2 | Construction Risk 30 30 30 20
R3 | Customer Risk 20 20 20 10
R4 | Design Risk 20 30 30 20
R5 | Financia Risk 20 20 10 10
R6 | ForceMagjeure 10 20 20 20
R7 | Labor Risk 30 30 30 10
RS IF_;IaSgkal and Political 30 30 20 10
R9 E’Agﬂ%gﬂ;atngi « 30 30 10 30

The above factors have been calculated based on the weights assigned to Risk

factors basis inputs from experts and have been revalidated for fina

consideration. The Risk counts and heat maps have been worked, as shown in
Table4.12 - 4.14 and Fig. 4.7 - 4.9 below.
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Praobability- Impact on Cost at Risk Category Level
Table 4. 12 Probability — Impact on Cost at Risk category level

Cost Cost | o habilit
S. No. Risk Category Praobability . Risk ropabiiity
Risk %
Factor
R1 | Commercia Risk 20 20 400 40%
R2 | Construction Risk 30 30 900 60%
R3 | Customer Risk 20 20 400 40%
R4 | Design Risk 20 30 600 40%
R5 | Financid Risk 20 20 400 40%
R6 | Force Majeure 10 20 200 20%
R7 | Labor Risk 30 30 900 60%
rg | Legd and Politica 20 30 600 40%
Risk
Operations and
R9 Management Risk 30 30 900 60%

P-I score calculated by multiplying risk Probability score with Impact score for
Cost related project objective.
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Table 4. 13 Risk Factors count for each P-I interva for Impact on Cost

Probability

Impact

Risk Assessment Heatmap

Fig. 4.8 Risk Heat Map for Impact on Cost at Risk Category level
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Table 4. 14 Probability — Impact on Schedule at Risk category level

Schedule .
S. No. Risk Category Praobability Sch(_edule Risk Probability
Risk %
Factor
R1 Commercia Risk 20 20 400 40%
R2 Construction Risk 30 30 900 60%
R3 Customer Risk 20 20 400 40%
R4 Design Risk 20 30 600 40%
R5 Financid Risk 20 10 200 40%
R6 | ForceMajeure 10 20 200 20%
R7 Labor Risk 30 30 900 60%
R8 | Lega and Politica Risk 20 20 400 40%
Operations & 0
R9 Management Risk 30 10 300 60%
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Table 4. 15 Risk Factors count P-1 interval Impact on Schedule

Probability

Impact

Risk Assessment Heatmap

PROBABILITY

Fig. 4.9 Risk Heat Map for Impact on Schedule at Risk Category level

115



Table4. 16 Probability — Impact on Quality at Risk category level

S.No. Risk Category Praobability Q;;’:\éi(ty QF%?SIII(W Prob;ob Hlity
Factor
R1 | Commercia Risk 20 10 200 40%
R2 | Construction Risk 30 20 600 60%
R3 | Customer Risk 20 10 200 40%
R4 | Design Risk 20 20 400 40%
R5 | Financid Risk 20 10 200 40%
R6 | ForceMajeure 10 20 200 20%
R7 | Labor Risk 30 10 300 60%
R8 | Legad and Politica Risk 20 10 200 40%
R9 f/lgfgg’ﬂ; S ek 30 30 900 60%
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4.5

Table 4. 17 Risk Factors count - P-I interval Impact on Quality

PROBABILITY

Probability

Impact

Risk Assessment Heatmap

Fig. 4. 10 Risk Heat Map for Impact on Schedule at Risk Category level

Conclusion

The above results indicate that the results are not consistent while the risk
assessment is made at risk attribute, contributing risk factors and at-risk category
level. Though risk attributes correspond to the Risk factors, the importance, the
probability and the impact is not translated above. This is one of the major risk
assessment gaps, which is required to be addressed. A framework has been
developed in this research work to cater to such complexities on ground Risk

Assessment carried out by project risk managers.
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The P-1 method has not used any dependencies of risk factors among them.
Moreover, thisis one of the reasons that risk attributes were not able to translate
the same to risk factors. Though there is a good indication, however, priorities
are highly difficult to be ascertained.

In mega infrastructure logistics projects, it is very important that the risks are
properly identified and addressed. ANP is an important tool to address the
problem. The same has been dealt with in detals, and both the methods are

compared to arrive on the decisive results.

In the next chapter, the nine risk categories have been modelled to study feasible
scenarios of their interaction among risk categories. Anaytic hierarchy process
(ANP) is used to study the interdependencies among the risk categories obtained
through risk map/ heat map analysis performed in this chapter 4.
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