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Abstract. The aim of this research is to develop a risk mitigation strategy in supply chain process
of West Sumatra-Riau toll road pavement material. Data for this study was obtained through
brainstorming techniques, questionnaires, field surveys and literature review. The data was
analyzed using House of Risk (HOR) method. There were 18 items of risk event’s and 21 items
of risk agent’s identified from the HOR phase 1, whereas risk agent handling priority data and
risk mitigation actions are 19 items by using HOR phase 2. The results show that there are 2
(two) risk agents ranked 1 and 2 for the most critical, namely A1 (poor supplier performance)
with ARP of 860 and A2 (Low of Contractor Capability) with ARP of 507, which can cause +
80% of risk events where the remaining 20% is caused by other agents. There are 2 (two)
mitigation actions were obtained from HOR phase 2, namely PA1 (appropriate supplier selection
method) and PA4 (appropriate contractor selection method) which can prevent the emergence of
+ 80% of these risk agents and + 20% is overcome by 17 other mitigation actions.

Keywords: risk mitigation, supply chain, toll road pavement material, House of Risk, West
Sumatera-Riau Toll Road.

1. Introduction

The physical improvement of road infrastructure in term of quantity and quality at some points is critical,
to elude transportation problems such as traffic disruption. In West Sumatera, one of the infrastructure
improvement plans which will be constructed soon is the West Sumatera - Riau Toll Road. This will be
the first Toll Road in West Sumatera. As the first toll road construction in West Sumatera, a mitigation
to the potential of disruption to the construction process due to incompetent personnel of contractor,
consultant and owner, and/or the failure in supply chain of material for the pavement is needed. The
competency of the personnel of contractor, consultant and owner has been evaluated in previous studies
[1][ 2][3]. Therefore, a study to predict potential problem with material supply should be taken before
the construction is started.

The aim of this study is to develop a risk mitigation analysis which can emerge in the supply chain
of pavement material in the construction of the West Sumatra-Riau toll road that will soon be started. It
is expected that a mitigation of the emergence of risks of the pavement material could be initiated. This
strategy can be made by first inverting the risk event and risk agent data which can appear in the supply
chain of pavement material, which is then be processed by utilizing the help of the House of Risk (HOR)
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method. The HOR method will identify potential risk agents based on the value of ARP (Aggregate Risk
Potential) and the priority of implementing mitigation actions based on ETD (Effectiveness to
Difficulty) value.

It is expected that, the potential and critical risk agents toward the supply chain process of pavement
material for the construction of the West Sumatra Toll Road - Riau Km 0 to 4.2 in the first phase; Padang
- Sicincin could be identified and prevented.

2. Literature review

2.1. The analysis and risk management of construction project

Risk analysis is a process of identifying and assessing subjective and objective risks, while risk
management is a formula consisting of responses and actions taken to reduce and manage the risks that
have been analyzed [4].

2.2. Risk definition

Based on risk definitions by [5], [6] and [7], Risk can be defined as a condition where there are
possibilities and opportunities for occurrence of deviations which are hazardous, damage, loss, accident,
or any other unexpected consequences and are uncertain about the results to be achieved and also can
cause unpleasant (harmful and harmful) consequences of an ongoing process or upcoming events.

2.3. The supply chain of construction project

According to [8], supply chain is a system which includes actors, suppliers, makers, transportation,
distributors, vendors, and guarantors created to convert basic materials into a product and supply these
products to users based on the requested value. In the context of construction, supply chain can be
defined as a process of a set of activities which change natural materials to become the final products
(e.g. roads, buildings, planning services), to be used by service users by ignoring the existing
organizational boundaries.

2.4. House of Risk (HOR) method
The HOR method is a method which is often used in supply chain management. Previous researchers
used the HOR method in their research, including [9] and [10].

The HOR (House of Risk) method is divided into 2 (two) phases, namely phase 1 and phase 2. Phase
1 is used to calculate the value of the ARP (Aggregate Risk Potential) of each risk agent and rank the
risk agents to determine priority handling. Table 1 shows matrix model for HOR Phase 1.

Table 1. HOR Phasel Matrix Model (Source: [9])

Risk Risk Agent (Aj)
Supply Chain Side . Risk Impact (Si)

(Ei) Al A2 A3 A4 A5 A6 A7
Sunnl El RI1 RI2 RI3 : . - . S1
upply E2 R21 R22 - - - : - S2
E3 R31 - : : . - . S3
Control E4 R4l : : : : : s4
Process ES . . . . . . . SS
Demand E8 33

Risk Agent Emergence Ol 02 03 04 05 06 o7
Aggregate Risk Potential ARP1 ARP2 ARP3 ARP4 ARP5 ARP6 ARP7
Risk Agent Priority Rank
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Similar to [10], in this research, identification of risk events and risks agent were conducted on the
four side of supply chain: supply, control, process and demand.

HOR phase 2 method is used to calculate the ETD value (Effectiveness to Difficulty) of each action
that has been inverted to mitigate potential risk agents and rank the mitigation actions. Table 2 shows
Matrix Model for HOR Phase 2.

Table 2. HOR Phase 2 Matrix Model (Source: [9])

Prevention Action (PAk) Aggregate Risk
PA1 PA2 PA3 PA4 PAS Potentials (ARP)

Risk Agent to be handled

Al Ell ARP1
A2 ARP2
A3 ARP3
A4 ARP4

Total Effectiveness of action TE1 TE2 TE3 TE4 TES
Degree of d1fﬁc1.11ty DI D2 D3 D4 D5
performing action
Effectiveness to difficulty ratio ETDI ETD2 ETD3 ETD4 ETDS5
Rank of priority R1 R2 R3 R4 RS

3. Research methodology

3.1. Research design

The object of this study was the planning of West Sumatera - Riau toll road construction project. House
of Risk (HOR) method was used in this study. The variable used in this study was identified based on
literature review and existing supporting data.

3.2. Data sources type

3.2.1. Primary data

Data for this study was collected through interviews (interviews), brainstorming techniques, field
investigations, and questionnaires. The data is the opinion of the experienced and competent (expert)
parties toward possible major risk events and risk agents that could influence the construction of the
West Sumatera — Riau toll road.

Respondents were selected from the different sides which was assumed to have understanding and/
or experience in toll road construction or rigid pavement road project elsewhere such as: (the owner in
this case a key person in Ministry of PUPR); Academicians; Contractors; Suppliers. Each party was
represented by 3 people.

The questionnaire used in this research consists of 3 (three) main parts. The first part contained of
the identity consisting of name, position, agency, address, length of work. Part two, was the procedure
for filling out the questionnaire, and Part three, was the contents of the questionnaire; the level of
probability of the occurrence of a risk agent, the level of correlation between risk and risk agent and the
severity of each risk.

3.2.2. Secondary data
Secondary data such as: data of risk event and risk agents and Detailed Engineering Design (DED) were
obtained from the literatures and project owner documentations.

3.3. The data analysis of questionnaire

First step in data analysis is to determine the level of severity risk events and risk agent’s occurrence.
After that, the severity risk events and level of risk agents’ occurrence data are evaluated in terms of
their agreement to each other and those which are non-sync data will be eliminated. A correlation scoring
was then conducted to obtain the correlation level between both data.
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3.4. Risk evaluation

3.4.1. HOR phase 1

HOR phase 1 consists of some processes. The first step of this phase was Risk Identification. In risk
identification, the risks which can occur on each side of the supply chain, namely supply, control,
process and demand were identified. The impact (severity) of the risk and the likelihood of the risks
agent occurrence were assessed in a 5-point scale as shown in Table 3 and Table 4.

Table 3. Risk Event Severity Value

Scale Information Impact
1 Very small impact 0% <-<5%
2 Small impact 5% <-<15%
3 Average impact 15% <-<45%
4 Big impact 45% <-<80%
5 Very big impact > 80%

Table 4. Occurrence Risk Agent Value

Scale Information Emergence
1 Very rare 0% <-<20%
2 Rare 20% <-<40%
3 Sometimes 40% < - <60%
4 Often 60% < - <80%
5 Very often 80% <-<100%

A correlation matrix between each risk agent with each risk occurrence were scored as 0 if there is
no correlation and 1, 3, and 9 indicate a low, moderate, and high correlation respectively. The next step
is to calculate the Aggregate Risk Potential of Agent (ARP) and rank risk agents based on ARP values
and choose several risk agents with the highest ARP to be used in HOR Phase 2.

3.4.2. HOR phase 2
In HOR Phase 2, the risk agents with high ARP values were selected using the Pareto Diagram. Further,
identify possible actions to prevent the emergence of those and then, determine the correlation between
each preventive action and each risk agent (£5.) with a score 0 if there is no correlation and score 1, 3,
and 9 for a low correlation, medium, and high correlation respectively.

For the next step, calculate the Total Effectiveness (TEx) of each action using the eq. 1.

TEr = Y ARPy*Ejp. (1)
Where:
TE; = Total Effectiveness
ARP,= Aggregate Risk Potential
Ey. = The Correlation between Preventive Action with each Risk Agent.

The difficulty level in carrying out each mitigation action (Difficulty - Dk) was then be predicted
using scale 1 or 2. The score = 1 if there are additional cost of mitigation actions and score = 2 if no
additional cost needed.

Total Effectiveness Ratio (TEk) to the Difficulty Level (Difficulty - Dk) was calculated using eq. 2.

ETD = TE/D: (2)

Finally, determine the Priority Rating of each mitigation action based on the ETD value. Figure 3
shows all of the steps mentioned in the section 3.
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Risk Identification toward 4 (four) Supply Chain Side
(Supply, Control, Process dan Demand)
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v

Risk Analysis

Determining the Severity of
Risk Events

Risk Apents

g Questionnaire Evaluation Data |

HOR 1 v

Determining the Correlation between Risk
Events dan Risks Agent

v

Risk Evaluations

1.  ARP Risk Agents Calculation
2. Rangking of Risk Agents
3. Determining the Preventive Risk Agents Priority

¥

Risk Response

Determining the Occurrence of ‘

1 Identification of Risk Agent Mitigation Action Options
2. Evaluation of Risk Agent Mitigation Action Options

HOR 2 P £ gation Action 9o

3. Determination of Risk Agent Mitigation Actions

Figure 1. Research Methodology Flowchart

4. Results and discussions

4.1. Risk identification toward 4 (four) supply chain side
Based on literature review, 18 of risk events and 21 of risk agents were identified in the supply chain
process of the pavement process for the Toll road planning in West Sumatra — Riau as shown in Table
5 and Table 6.

Table 5. Identified Risk Events

doi:10.1088/1755-1315/340/1/012044

No. Risk Events Severity
El Material quality is not in accordance with the order specifications and need to be 407
resubmitted. '
E2  Delayed material due to the production constraints at the factory. 3.80
E3  Damaged Material during the supply. 3.87
E4  Delivery delay of material due to the material limitations stock from supplier. 3.80
Es Material delivery was canceled because the supplier does not have the transportation 373
facility. '
6 The waiting duration for the material to meet the required quantity number due to the 3.80
limitation of the available transportation equipment. '
E7  The supplier does not commit to the agreement in the contract. 4.27
E8  The volume of material coming does not meet the specification quantity. 4.13
E9  Sudden changes to the project activity schedule. 3.80
Elo Changes in logistics demand due to the miscalculation of the works schedules of the 367

contractors.
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No. Risk Events Severity
El1 Lack of managerial skill which led to a delay in finishing a task which cause the 3.60
material supply being delayed. '
B Matjcrial is resent as the previous delivery was failed due to inaccurate instructions 167
received.
E13  The contractor was negligence in doing the payment to the sub-contractor. 3.33
El4 Delayed material due to accidents when shipping. 3.33
El5 The Difficulties in getting material. 3.80
El6  Additional material ordering due to the changes in technical specifications. 3.40
E17 Delays in material shipping due to the traffic congestion. 3.87
E18 No constant price for material. 3.40
Table 6. Identified Risk Agents
No. Risk Agents Occurrence
Al  Supplier bad performance. 3.13
A2 Low contractor capacity. 3.13
A3 Suppliers is not consistent. 3.00
A4 The slow response of suppliers. 3.13
A5 Shipping is not on time. 3.00
A6  The appropriate and accurate information from suppliers. 3.33
A7  The amount of project material needs. 3.40
A8  The scarcity of material. 3.07
A9  Sudden request. 3.20
A10 The appropriate and accurate information from consultants. 3.40
All  Count on one supplier. 2.93
Al12  Project team competency. 3.33
Al13  The appropriate and accurate information from owner. 3.27
Al4 Logistics prices reference is not accurate. 2.53
Al15 A long technical evaluation and needs an adjustment of the budget. 2.93
Al6 Impact toward local communities. 3.20
A17  Safety Factor process. 3.53
Al8 Natural disaster factor. 2.93
A19 Damage to supply transportation. 2.80
A20 Delay related to the changes in specification 2.67
A21 Rupiah exchange rate instability against dollar 2.40

4.2. Reliability test

Reliability test was conducted to test the data consistency. Risk events reliability (1.oyn:) Was 0.737
with number of data (N) is 18. Compared with rapje 0f 0.468, the 1,5, Was higher than 144, SO that
the data is said to be consistent. Similarly, risk agents reliability test shows that 7,4y is 0.697 which
was higher than r,,,.0f 0.433 so that the agent risk data is also consistent.

4.3. Data processing with HOR phase 1 method

Before doing the tabulation through HOR matrix phase 1, the correlation level between risk events
against risk agents was decided first with the standard provisions of values 0, 1, 3, 9, where 0 indicates
no correlation (no correlation) and values 1, 3, and 9 show low (low), moderate and high (high)

correlations. The result is shown in Figure 2.
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Risk Agent (A
Risk Event - _ Sev.
CED Al | A2 | A3 | A4 | AS | AG | A7 | A8 | A9 |AIO|AI11|AIZ|AI3|AI4|AIS|AIG|AIZ7(AIS(AI9|AZ20|A21
El 9 1 3 o 3 o 1 o 3 3 3 o o o o o o 3 3 o o 4.1
E2 9 o 3 3 o o L] 3 L] 3 o L] o o 3 1 1 o 3 o 1 3.8
E3 9 o o 1 3 () 1 o o o o 1 o o o o 1 9 9 o o 3.9
E4 3 0 3 1 0 o 1 1 0 3 0 0 0 0 o 1 0 3 1 3 1 3.8
Es 9 1 3 3 L] o L] o L] 3 o] 3 o L] o ] o 1 3 1 o] 3.7
E6 3 1 1 3 1 o 9 o 3 3 o 1 o o o (o] 1 1 1 o (o] 3.8
EZ7 9 L] 9 3 L] o L] 1 3 1 1 3 o] L] o 1 3 3 3 1 3 4.3
ES8 9 1 9 1 o 1 3 1 1 3 3 3 1 o o (o] 1 1 o 3 (o] 4.1
E9o 1 L] 1 1 L] o 1 1 3 1 1 1 o 1 o 9 3 3 1 3 o] 3.8
El10 3 9 3 3 (] o 3 1 1 1 o 3 3 1 1 (o] 1 1 1 1 o 3.7
E1x o] 9 o] L] L] o 1 o ] o 3 3 o] L] o L] o o L] o L] 3.6
E12 o 9 o L] o 3 L] o L] o 1 9 3 L] o L] o o L] o L] 3.7
EI13 o] 9 1 L] L] o] 3 o ] o o] 3 1 L] 3 L] o 1 L] o] o] 3.3
El14 1 L] 1 1 L] o L] o (] o L] o o L] o L] 1 3 1 o L] 3.3
EI1s5 3 9 1 3 L] o] 3 9 3 3 1 3 3 1 1 L] o 3 L] 1 3 3.8
El6 0 0 0 0 0 0 0 0 0 o 0 0 0 0 o 3 1 3 0 3 0 3.4
E17 1 3 3 L] o o 1 o L] o o 3 o L] 9 L] 1 1 1 1 3 3.9
E18 1 1 3 3 o o o 3 3 o [ 3 0 3 3 0 3 9 0 o 9 3.4
Occ. 3.13(3.13(3.00|3.13|3.00|3.33(3.40(3.07|3.20|3.40|2.93|3.33(3.27(2.53|2.93|3.20|3.53(2.93(2.80|2.67|2.40
ARP 860 (607|518 |308| 83 51 (347 (232248317 |150|487|134| 54 |217 180|228 (492(294 (173|178
Rank 1 2 3 8 19 21 [ 11 10 7 17 5 18 20 13 14 12 4 o 16 15

Figure 2. Correlation level between risk events and risk agents

Paretto diagram was developed to sort the score of ARP and the percentage cumulative of ARP. The
result is shown in Figure as following.

Pareto Diagram

6000 |
5000 L
4000
) 3000 - 5
=
2000 - L
1000 [
o llllllllullllJ [
Al1|A2] A3[A18/A12] A7 [A10] A4 [A19] A0 | A8[A17[A15[A16[A21[A20/A11[A13] A5 [A14] A6
== ARDP 860607|518(492(487[347|317|308|294|248(232(228|217(180(178|173(150|134] 83 | 54 | 51
—m—Cum % ARP |14.023.8(32.2|37.2/38.6/39.4/45.1/48.852.8|58.0/60.4/68.370.5|71.4/74.977.8/81.589.5/94.3/97.1|100.

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

Figure 3. Paretto Diagram HOR Phase 1

Based on Figure 3, with the Paretto 80/20 diagram principle (means that 80% of risk events are
caused by 20% of risk agents), it was found that 80% of these risk events are caused by 2 risk agents,
namely A1 (poor supplier performance) and A2 (Low contractor capacity).

4.4. Identification of mitigation actions

Identification of mitigation actions was carried out to mitigate the 15 risk agents, which constitute 75%
of the total ARP accumulation. Table 8 shows all the 15 (fifteen) items according to rank are Al, A2,
A3, A18, A12, A7, A10, A4, A19, A9, A8, A17, A15, A16 and A21 respectively.

Table 7. Risk Agents Mitigation Actions Identified

Code

Mitigation Strategy

PAI

Proper supplier selection method.
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Code

Mitigation Strategy

PA2
PA3
PA4
PAS

PA6

PA7
PAS

PA9
PA10
PA1l
PA12
PA13
PA14
PA15

PA16

PA17
PA18
PA19

Alternative suppliers preparation.

Observe and monitor tightly toward the supplier performance.

Proper contractor selection method.

Provide the management project assistance.

Bad weather predictions, see the BMKG Weather prediction time scale starting from
the daily prediction to 6 months prediction.

Prepare for disruption or natural disaster handling facilities.

Adding the resources and schedules when natural conditions are good.

Conducting the strict evaluation during procurement process.
Creating a schedule list according to the suppliers’ capacity.
Strengthen the management tools.

Conducting a strict schedule recording.

Early coordination with related parties.

Creating a better schedule process.

Good information and communication system.

Adjusting the level of joblessness based on the predicted fluctuations of rupiah
exchange rate toward dollar.

Adjusting the team strength with compiling projects.
Preparing SOP with a time limits.

Anticipating the changes before starting the project.

4.5. The data processing by HOR phase 2 method
HOR Phase 2 processing matrix was produced based on the score of correlation between the risk agent
and mitigation action. The result is shown in Figure 4.

Mitigation Action

Risk Agent | PA1

PA2 PA3

2
kY

PA5 | PA6 | PA7 | PA8 | PA9 |PA10|PA11|PA12|PA13 | PA14 | PA15 | PA16 | PA17 | PA18 | PA19 | ARP

Al

0 860

o
o
o
o
w
o
o
o
o

A2

607

A3

518

Al8

492

Al2

487

A7

347

Al0

317

A4

308

A19

294

A9

248

A8

232

Al7

228

Al5

217

Al6

180

RrlwlojJo|w]|JOoO|lw|w]JOoO|lVw]|]O ||V |O |©

A21

olo|lo|o]|r]|o|lo|o]|o|v|o]o|o|o|w
olo|o|r|o|lo|lo|e|lo|w]|o]|r]|o]|o]|e
wlo|lo|lw]|w|o]o|o|lo|r]|o|r]|w]|o |w
o|lw|o|o]|o|o|lo|o]|o|o]|o]lo|lo|w]e
olo|lo|r|o|o|lo|o]|o|r|o]e|lo]|o]|e
olo|lo|o]|o|o|o|o]lo|o]|o|w]|o]o]|e
olo|lo|o]|o|o|lo|o]|o|o|o]o|lo]o]|e
o|lw|lo|o]|o|o|lo|o]|r|o|o]|r|w]|o]|e
olo|lo|o|o]|o|o|lo|o|o|o]o]o|e
olo|lo|o|o]|o|o|o|o|o|o]|o]o|e
olo|o|o|o|o|o|o oo |o]|o|o |
olo|lo|lo|o|o|lo|lo|o|o|o]|o]o|o
olw|r|lw]|w]o|lo|lo]|o|o|o]|v]|lo|o
wlolo|r|w]o|lo|r|o ]|, |~ ]|~ |w
olo|lw|o|o]|o|lo|lo|o|o|o]|o]o|e
o|lo|lo|o|o|o|lo|lo|o|o|v]|o]o|o
ololo|o|o|o|lo|lo|o|o|o]|o]o|o
vlolo|lo|o|lw]|w]|o|o|o|o]|o]o|o

178

Total
Effectifness | 21,289
(TEK)

10,597 10,815[13,970|2,361]5,003| 1,476 4,428| 12,749 3,123 2,646 | 2,772| 2,052 | 11,920| 13,096] 2,253 | 4,383 | 1,953 | 5,181

Degree of
Difficulty 1
(Dk)

Effectifness
to Difficulty | 21,289
(ETD)

5,299 10,815]13,970 1,181]5,003| 738 |4,428]|12,749|3,123] 1,323 2,772] 1,026 |11,920] 13,096| 2,253 | 4,383 1,953 | 5,181

Rank of
Priority

7 6 2 17 9 19 10 4 12 16 13 18 5 3 14 11 15 8

Figure 4. Correlation level between risk agent and mitigation action
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Based on the HOR matrix phase 2 in Figure 4, a Pareto diagram was produced and shown in
following Figure 5.

Pareto Diagram

r 100.0

120,000
- 90.0
100,000 20.0
[=]
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Figure 5. Paretto Diagram HOR Phase 2

Based on Paretto diagram in Figure 5, the 80/20 principle suggests that 80% of risk agents can be
overcame by 20% accumulation of mitigation strategies which represented by ETD, namely PA1 (the
right method of supplier selection) and PA4 (the right method of selecting contractors). These strategies
are inline with the result of HOR phase 1 in Figure 2, where 80% of risk events are caused by 2 risk
agents namely: Poor supplier performance (A1) and Low contractor capacity (A2).

However, as the studied project will be the first toll road project in the region, it is better to anticipate
as much as possible of the risks. The authors suggested to take some more actions such as: Good
information and communication system (PA15), Conducting the strict evaluation during procurement
process (PA9), Creating a better schedule process (PA14), Observe and monitor tightly toward the
supplier performance (PA3), Alternative suppliers’ preparation (PA2), and Anticipating the changes
before starting the project (PA19). All of these mitigation actions will cover 75% of the total
accumulated ETD value and overcome more than 80% of the risk events.

5. Conclusions and recommendations

An analysis of supply chain risk of pavement material for West Sumatera — Riau toll road project has
been conducted using House of Risk (HOR) Method. It was found that the critical risk agent on supply
chain materials process of West Sumatera — Riau toll road project were supplier bad performance and
low contractor capacity. In order to overcome the risk, some mitigation actions were proposed such as
to conduct a proper supplier selection method and proper contractor selection method. Both action could
overcome 80% of risk agents that appears on supply chain materials process of West Sumatera — Riau
toll road project. However, as the project will be the first toll road project in the region, it suggested to
do 75% of the possible mitigation actions such as applying a good information and communication
system, conducting the strict evaluation during procurement process, creating a better schedule process,
observing and tightly monitored the supplier performance, preparing alternative suppliers, and
anticipating the changes before starting the project. All of these actions could overcome more than 80%
of risk events.
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