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Abstract: After the global financial crisis of 2008, the need for risk management arose because it
was necessary to minimize the losses in construction management (CM) firms. This was caused
by a decreased amount of orders in the Korean CM market, which intensified order competition
between companies. However, research results revealed that risks were not being systematically
managed owing to the absence of risk management systems. Thus, it was concluded that it was
necessary to develop standard operating systems and implement risk management systems in order
to manage risks effectively. Therefore, the purpose of this study was to develop a construction risk
management system (CRMS) for systematically managing risks. For this purpose, the field operation
managers of CM firms were interviewed and surveyed in order to define risk factors. Upon this, a risk
assessment priority analysis was performed. Finally, a risk management system that comprised seven
modules and 20 sub-modules and was capable of responding systematically to risks was proposed.
Furthermore, the effectiveness of this system was verified through on-site inspection. This system
allows early response to risks, accountability verification and immediate response to legal disputes
with clients by managing risk records.

Keywords: construction risk management system (CRMS); standard operating systems; risk; risk
management; construction management (CM)

1. Introduction

The construction industry has unique characteristics that differentiate it from other industry
sectors [1]. It has order-based production, fixed production times, established locations for operations,
non-repetitive tasks, and low productivity compared to other industries [2,3]. These unique
characteristics have acted as barriers to enacting a new paradigm. To overcome this problem,
construction firms around the US have performed research since 1980 in order to apply information
technology (IT) to the construction industry. Recently, as a result of this research, a mobile IT
application [4] has been developed for use in the construction industry. These new IT technologies
that are being applied to the construction industry contribute to productivity improvement and
technological enhancement and their importance is ever increasing [5].

The Korean construction industry has also expressed the need for technological development and
national policies for construction information standardization in order to improve the construction
techniques and to implement IT environments. Through the basic construction industry law (1996),
the development of a comprehensive construction information system and the use of IT systems in
the construction industry were legalized, contributing to the development of construction techniques
and the promotion of the construction market. As the construction market started being promoted in
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the early 2000s, the construction management (CM) market achieved a rapid growth of 630%, going
from US$10,469 million in 2001, to US$660,469 million in 2012 [6]. Contributing to this growth, many
CM firms began to emerge. According to research conducted by the Ministry of Land, Infrastructure
and Transport [7], by 2013, 32% of CM firms held more than 300 regular employees, 25% had assets
of more than US$5 million, and their size and assets were continuously growing. However, after the
global financial crisis in 2008, the amount of orders in CM market decreased by more than US$97
million, intensifying the competition between CM firms, in turn resulting in decreases of profit rates
and increases in the uncertainty of the construction industry [8]. For these reasons, the need for risk
management in CM firms was presented in order to minimize firms” losses.

However, according to an analysis performed by Park et al. [9] on the risk management situation
of Korean CM firms, most Korean CM firms have no risk departments, managers, or risk management
procedures; moreover, it was confirmed that they did not invest in risk management training, and they
could not systematically and effectively manage the risks owing to the lack of risk management
systems. Thus, this analysis presents the need to develop and implement standard operating systems
and risk management systems. The absence of a risk management system has a negative impact on
CM firms and prevents them from responding systematically and reasonably to risks that occur during
field operations [10]. Considering that managing potential risks can reduce uncertainty and minimize
losses [11], it is essential to develop new countermeasures by creating effective risk management
systems and implementing them in construction sites so that risk management can play a central role
in achieving stable earnings.

Thus, in this study, the main risk factors that must be managed were defined by deducing
risk factors that could occur during field operation management at CM firms and performing an
assessment of risks. Additionally, a system functional block diagram is presented and its functions are
defined based on main risk factors. Based upon this data, an analysis on both the date flow diagram
(DFD) and the entity relationship diagram (ERD) was performed, resulting in the development of the
construction management risk system (CMRS). As for the effects of developing CMRS as proposed in
this study, the risk management of CM firms identified various issues such as confusion in response
procedures, inability to recognize responsible entity, and difficulty in initial reaction due to lack of clear
management standards and systematic manuals. However, the efficiency of risk management tasks by
CM firms can be improved by providing a clear response process for each risk factor by applying CMRS,
which enables initial reaction, clarifies who is responsible by confirming the relevant staff, and takes
prompt measures for contract revocation by managing the records. Additionally, this field operation
risk management system is capable of performing systematic and effective management of risks,
resulting in workload reduction, countermeasure-related decision support, countermeasure-related
results checking, and database management of records.

2. Literature Review and Research Steps

2.1. Literature Review

Since the end of 1984, application service providers (ASP)-based project information management
systems (PIMSs) have been developed for implementation in the construction industry [12]. Since 1990,
studies on the implementation of mobile IT in the construction industry have been performed [13].
Recently, mobile IT application studies [14] have been performed, and mobile PIMSs equipped
with some PIMS module functions are being constantly implemented in the field. In addition,
building information modeling (BIM) offers support for structural analysis and design works [15,16],
construction and building energy simulations [17,18], and applicability to leadership in energy and
environmental design (LEED) and integrated design process (IPD) projects. For these reasons, BIM has
led to many changes in the construction industry [19,20], and it is also being actively used in green
building design [21,22]. Likewise, as the construction industry changes, the exchange and utilization
of information via IT devices is becoming very important, and such importance will continue [23].
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In order to effectively manage the risks that occur during construction works, Al-Bahar and
Crandall [24] proposed a process framework intended for developing a risk management system (RMS)
after establishing countermeasures for each of the risk factors. Jannadi and Almishari [25] proposed a
risk assessor model (RAM) intended for evaluating and measuring the time of occurrence and degree
of impact for safety risks that occur during construction work processes. Liang et al. [26] analyzed
the safety management practices implemented in Chinese public mega-buildings, which are currently
being built continuously. From this analysis, problems with construction laws and government
regulators were observed, and a plan for improving safety management methods and procedures
was presented. Based on this, a plan for developing a mega public building safety risk assessment
system was proposed. Staneff et al. [27] proposed risk management measures with regard to the aging
of ocean platforms and the implementation of a software-based ocean risk management system that
included data management functions for ocean wind probability, waves, and earthquakes. Instead
of showing only graphics and results, Zhou et al. [28] showed the reciprocal relationship between
risk occurrence and risk management processes by applying an existing risk management system to
the Chinese city gas line project through the geographic information system (GIS). Essamin et al. [29]
proposed a prototype of the prestressed concrete cylinder pipeline (PCCP) risk management system
that used colors to represent five risk levels, making possible its implementation on the internet.
Kim et al. [30] identified actual conditions of risk management at construction worksites and presented
an improvement plan for problems of risk management and analysis. To develop a risk management
system, this plan was classified into four steps: risk management preparation, risk check, risk analysis,
and risk response. Then, an integrated computational building model was presented that enabled risk
management for each process.

Likewise, studies on risk management systems are being performed principally centered on
project risk management (PRM). However, more studies are still required for the development of
effective risk management systems for the field operations of CM firms.

2.2. Research Method and Scope

The main research objectives were achieved through a five-stage research methodology that is
summarized in Figure 1. In summary, during Step 3, six risk factors were defined by performing
one-on-one interviews with the directors in charge of field operation from 15 firms whose CM for-fee
orders exceeded US$880 billion in 2015. From each firm, 75 field operation managers were surveyed
with regard to the previously defined risk factors, and 58 copies were collected. The importance of
each risk factor was analyzed using Expert Choice 11.5, and their occurrence, detection, and severity
were evaluated through a failure mode and effect analysis (FMEA), which is a widely used as a risk
analysis technique. The system functional block diagram and functions were defined around the six
risk factors defined through Step 3.

Step 4 accounted for system design and included DFD and ERD analyses. The system was
designed so that it would be connected to the flow of information according to risk management
procedures. When a risk occurs, it can be managed by countermeasure processes. The processed work
content is then saved inside the system database (DB). Additionally, screenshots of each module are
presented in detail.

Lastly, during Step 5, the field operation directors of 15 CM firms were interviewed with regard
to five categories, assessing the system through a Likert 5-point scale analysis.



Future Internet 2017, 9, 5

4 0f 20

Step1

Literature review

* Review previous studies on risk management systems
Analysis of presentsituation of the Korean
constructionmanagement (CM) systems

» Analyze the current CM system in Korea

N

Step 2

Expertsurvey
= Identify problems in the risk management of CM firms

LY

Step 3

Analysis of importanceusing analytic hierarchy process
(AHP)
» Determine the importance of risk factors
Assessment using failure mode and effectanalysis (FMEA)
* Determine the occurrence, detecticn, and severity of risk factors
Risk priorily number (RPN) analysis of risk [aclors
= Perform priority analysis

LY i

Step 4

Define functional structure of risk management systems
Analysis of using date flow diagram (DFD) and entity
relationship diagram (ERD)

» Determine data flow of risk management systems

Y

Step 5

Analysis of system effectiveness
= Verification by applying project management body of
knowledge (PMBOK)
= Expert survey

N\

Figure 1. Research methods and steps.

3. Analysis of Risk Factors and System Functions According to Field Operation Management of

CM Firms

3.1. Risk Management System in Korean CM Firms

To analyze the risk management system of Korean CM firms, field operation managers from
15 firms were surveyed from 20 February to 10 March in 2015. This survey had a total of five main
categories: risk management necessity, risk management training status for employees, availability of
risk management procedures, availability of risk management procedures systems, and the need for
introducing risk management systems. Figure 2 shows the results of this survey.
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Figure 2. Current status of risk management of CM firms in Korea.

The absence of risk management training, procedures, and systems were some of the factors
identified as problems in Korean CM firms. As a consequence, these factors prevent Korean CM
firms from taking effective risk countermeasures. Although most CM firms acknowledge the need for
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managing risks, they instead prioritize time management, cost management, quality management,
and safety management; in addition, most lack risk management departments or directors. For these
reasons, risk factors are not being managed through systematical methods. This, in turn, causes
problems such as decreased customer satisfaction, difficulty in providing early response to risks,
uncertain accountability of risk factors, and difficulty in managing records of risk factors. Thus,
as shown in Figure 3, it becomes difficult to make use of DBs when legal disputes with clients occur.
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Is not fully acknowledge

Field engineers perform
risk management

No risk management
department exists Only a few people are
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Figure 3. Fish-bone diagram for problem of risk management.

3.2. Deduction of Risk Factors and Evaluation of Risks for System Development

To deduce the risk factors that occur when managing field operations, 15 directors in charge of
field operation management at different companies were interviewed one-on-one, obtaining a 100%
response rate. After deducing the risk factors, a risk evaluation was performed. For this, field operation
managers from 15 different firms were surveyed on a Likert 10-point-scale basis: 75 survey copies
were distributed, and 58 copies were collected, obtaining a 77% collection rate. The importance of
each risk factor was analyzed using Expert Choice 11.5, and their occurrence, detection, and severity
were evaluated through a FMEA, which is a widely used risk analysis technique. The risk priority
number (RPN) is evaluated by multiplying values obtained from the FMEA [31]. Six risk factors
that occur during field operation management were deduced and defined. Table 1 shows the risk
evaluation results.

Table 1. Risk factor priority of CM (construction management) firms field operations.

Risk Factor Importance  Occurrence  Detection Severity Modified RPN 1
Payment delay 0.026 5.224 7.068 7.758 64.738
Project delay 0.169 5.258 6.482 6.448 37.140
Legal dispute with a client 0.178 3.120 7.482 7.965 33.096
Customer dissatisfaction with field service 0.138 5.275 6.620 6.793 32.736
Contract revocation 0.150 2913 7.672 8.189 27.452
Legal dispute with a partner company 0.075 3.758 5.017 5.051 7.142

! Modified RPN = Importance x Occurrence x Detection x Severity.

The risk evaluation results revealed that payment delay was the greatest risk factor that CM
firms could deal with during field operation management, followed by project delay, legal disputes
with clients, customer dissatisfaction with field services, contract revocation, and legal disputes with
partner companies. The reason why payment delay appears to be the biggest risk factor is that CM
firms receive the contractor’s payment on the date agreed by the contract after manpower has been
deployed. Thus, the degree of risk faced by CM firms with insufficient financial resources when the
contractor’s payment is delayed by several months due to financial conditions is significantly large.
Project delays were also found to be a significant risk as they generate receivables. That is, when



Future Internet 2017, 9, 5 6 of 20

projects are delayed (due to financial conditions, occurrence of field accidents, licensing delays, etc.)
after concluding a contract with the contractor, CM firms are unable to receive payment regarding
manpower deployment upon the agreed date. The impact of legal disputes with clients is reduced
when they are solved through consultation and mediation; however, if they must be solved by a
court, additional expenses are generated, manpower has to be deployed to handle the case, and the
company image falls. For such problems, the degree of risk of legal disputes with clients was found
to be significant. Customer dissatisfaction with field services was found to be a high risk under
analysis because it could generate customer claims which, in turn, deteriorate the company image
and could have a negative impact on future order-receiving activities. Contract revocation was found
to have a negative impact on CM firms. That is, when projects are canceled because the contractor
considers CM services to be unnecessary or has financial problems, it causes a decline in revenues and
difficulties in personnel relocation to other sites. Legal disputes with partner companies were found
to have a negative impact (albeit small compared to the other risks) because when disagreements
occur between consortiums when executing a project, disputes between companies arise and work
productivity declines. Therefore, a construction risk management system for CM firms that considers
the aforementioned risks factors (payment delay, project delay, legal disputes with clients, customer
dissatisfaction, contract revocation, and legal disputes with partner companies) should be proposed.

3.3. System Architecture

The CRMS inputs risk occurrence information and status into the server, allowing for a
systematical management of risk factors that occur in the field. This information is provided as
guidelines for administrative control and, as shown in Figure 4, can be used as a resource for knowledge
management of the company.

Client Head office manager

M| o N Site F
i i \\in.fomlaﬁ.}:/"A“

. N
<" Site F xf

Site D Site C

Figure 4. Diagram of system structure.

3.4. System Functional Block Diagram

As shown in Figure 5, the CRMS functional block diagram comprises seven modules (project
overview, payment delay management, customer dissatisfaction management, contract revocation
management, project delay management, legal dispute management, and consortium management)
and 20 sub-modules.
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Figure 5. Structure of the construction management risk system CRMS.

The functions of each module are as follows:

The project overview module comprises two sub-modules and seven functions. This module
provides detailed information about the status and organization of each project;

The payment delay management module comprises three sub-modules and seven functions.
This module provides graphical information about the status of contracts whose payment has
been delayed and information regarding the payment progress of all projects. Additionally,
it allows for the establishment of different management plans for projects with payment delays of
30, 60, and 90 days. When the payment delay exceeds 90 days, a field evacuation plan can be made;
The customer dissatisfaction management module comprises three sub-modules and 10 functions.
This module provides information regarding reception status of customer dissatisfactions,
information on interviews with the contractor, service improvement status, etc. Additionally,
it provides information regarding customer satisfaction surveying plans;

The contract revocation management module comprises two sub-modules and three functions.
This module provides information about contract revocations caused by financial conditions of
the contractor and payment status of service charges generated by contract revocations;

The project delay management module comprises three sub-modules and four functions.
This module provides monitoring information of all projects, allowing the establishment of
countermeasures regarding project delays. Furthermore, it gives information related to interview
schedules with contractors and site evacuation plans;

The legal dispute management module comprises four sub-modules and seven functions.
This module provides information regarding response procedures and interview schedules of the
contractor; this information can be used as preparation for legal disputes. Additionally, when
consultations with contractors are done, this module can monitor the current status and results of
such consultations. Furthermore, when disputes with contractors occur, this module provides
information on lawyers specializing in specific dispute types and legal reviews of each lawyer;
The consortium management module comprises three sub-modules and seven functions.
This module provides information regarding the current status of partner companies, errors
committed by the construction site staff, and the processing status of such errors. Additionally,
it allows for record management of minutes and agreements made during consortium meetings.
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3.5. Analysis of the System Data Flow Diagram (DFD)

A DFD defines the role of each function by identifying the flow and relation between data in
order to create or make possible the creation of a system [32,33]. The definition of the functions and
data flow with each of the seven modules and 20 sub-modules is shown in Figure 6.
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Figure 6. System data flow.

3.6. Analysis of the System Entity Relationship Diagram (ERD)

The ERD is a method for illustrating the relation between entity types deduced through business
process analyses and other entity types, i.e., it shows the correlation between data flow and processes
regarding a system’s development [34]. Figure 7 shows an ERD analysis of the items required for this
study’s CRMS design. The information flow of the seven modules and 20 sub-modules of the CRMS
was divided into two parts: (1) data exchange and flow between contractors, construction sites, and CM
firms; (2) system and data flow in accordance with business procedures implemented for effectively
and systematically managing risks that occur in CM firms. This system allows business management
through the implementation of risk response processes. The processed business contents are stored in
the system, allowing project records to be managed. Each piece of information is specifically classified
by its function in risk occurrence status, processing results, and future management plan, so that it
can be used accordingly. This system helps risk managers perform their work effectively and allows
executives and staff members to make rapid decisions.
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Figure 7. System ERD analysis.

4. CRMS Development

4.1. CRMS Main Screen

Figure 8 shows the CRMS main screen, which can be seen right after accessing the system.
By installing plug-ins located in the lower right corner of the main screen, all programs required to
operate the system are automatically downloaded. After finishing the program installation, the system
can be accessed by inputting the user’s individual identification (ID) and password (PW).
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Figure 8. Title screen of CMRS.

4.1.1. Project Selection

After accessing the system, the desired project can be selected from the field list. Summary
information about the contract date, commencement date, expected completion date, construction
period, and construction progress can be checked regarding the selected project. The progress status
can easily be checked and understood through a color labeling system: green means that the status
is normal, yellow means that the plan preparation is lower than 70%, and red means that the plan
preparation is lower than 50%. Figure 9 shows the project selection screen.
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Figure 9. Project selection screen.

4.1.2. Project Overview Screen

Through the project overview screen, national CM sites are classified by region, and some brief
information about project risks can be obtained for each region. The right side of the screen shows
detailed project information by region and provides risk information regarding payment delays, client
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dissatisfaction, contract revocations, project delays, legal disputes with clients, and legal disputes with
partner companies. The risk status of each project is classified by color to allow for easy checking.
Figure 10 shows the project overview screen.

CMRS oy e PROJECT OVERVIEW

Z2YE @ RISK B&E

L R [ el et
EHE SRR

HUTT IEBLTL g

- =
fr= -z &

AEZIEIHE MY
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Figure 10. Project overview screen.

4.1.3. Project Overview

The project overview provides information regarding business outline, aerial view, site
organization, and progress status. The business outline provides special and significant information
about the project such as commencement date, completion date, construction designer, construction
status. In the progress status section, historical information about the main particulars of a project’s
progress can be input, allowing the main project information to be managed after its completion.
The organization status section provides information about participants from each institution involved
in the project, allowing staff data to be checked.

4.1.4. Participant Firms and Emergency Contacts

The system provides information about emergency contacts and detailed information of firms
involved in specific projects. Information provided on participant firms includes detailed contract
status, contact number, and information about firm representatives.

4.1.5. Payment Delay Management and Work Completion Status

As shown in Figure 11, the receivables management status comprises three detailed modules
(contract status, work completion status, and detailed management plan). The contract status gives
information related to the receivables’ processing procedures. The work completion status provides
information about the payment collection status for completed works; it also provides graphical
information through which payments of completed works can easily be checked. Furthermore,
through this status, detailed management plans for delayed construction works can be established in
stages in relation to the delay time.
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Figure 11. Management of current completion status.

4.1.6. Customer Dissatisfaction Management and Countermeasures

When customer dissatisfaction problems arise, detailed information on the corresponding contract
can be viewed. Additionally, up-to-date information on cases of customer dissatisfaction can be
input and viewed. Furthermore, service improvement plans and processing plans for customer
dissatisfaction cases can be established, and their results and implementation status can be viewed,
together with information on interviews with contractors.

4.1.7. Contract Revocation Management and Countermeasures

When contract revocation cases occur, this module provides detailed information about contracts.
Additionally, information about the causes of such problems can be input and viewed. This feature
provides information about countermeasures that were implemented to solve problems and caused
contract revocation issues such as agreements, improvement plans, processing results, and planning.
This information can be continuously managed.

4.1.8. Project Delay Management and Site Monitoring

This module provides detailed information about contracts to be viewed when projects are delayed
and offers input and viewing of site-monitoring results. Additionally, it provides information about
countermeasures taken to fix the causes of project delays such as response programs, processing results,
and site management plans. All data related to project delays can be continuously updated, managed,
and used as resources for solving future disputes that could occur as a result of project delays.

4.1.9. Status of Legal Disputes and Legal Reviews

This module allows for management of legal disputes with clients during the progress of a project.
It provides detailed information about the project progress and specific information about disputes
with clients, which can be input and managed. Additionally, information regarding the measures taken
to solve disputes, such as processing plans, results, contractor interview contents, and agreements,
can be input and managed. Tasks are given to advisory lawyers in accordance with their specialization
based on the nature of the legal dispute, and the legal review status can also be viewed. All this
information can be used as resources for solving future problems that may occur during legal disputes.
Figure 12 shows the screen of this module.
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Figure 12. Current status of reviewing the contract and legislation.

4.1.10. Joint Supply Agreement with Partner Companies and Company Information

This module allows for the establishment of site management standards through the creation
of joint supply agreements when carrying out projects in partnership with other CM firms and
provides information about the main conditions of joint supply agreements made. Information on
companies (headquarters’ director, staff relocated to the construction field, share ratio of each company,
assigned responsibilities, etc.) involved in specific projects is available, allowing the current status of
consortiums to be checked with one view. Additionally, errors committed in the construction field by
members of the consortium can be recorded and managed, providing information (such as processing
plans, results, interview contents, agreements, etc.) that can be used for solving problems. All of
this information can be constantly updated, managed, stored in archives, and consequently used as
resources for manpower management of consortiums.

4.2. Verification of CRMS

To verify the anticipated outcomes of applying the CMRS system, the efficiency of CMRS was
verified by comparing with the six procedures of risk management of the project management body of
knowledge (PMBOK) and surveying the field operation managers of 15 firms.

4.2.1. Verification by Applying PMBOK

The risk management procedures of PMBOK require efficient risk plans and management through
the six following steps: risk management planning, risk identification, qualitative risk analysis,
quantitative risk analysis, risk response planning, and risk monitoring and control [35]. Based on this,
the efficiency of the system will be verified in comparison with the development process of CMRS,
and the results are shown in Table 2.
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Table 2. Verification of CMRS (construction management risk system) by PMBOK (project management
body of knowledge).

Category PMBOK CMRS

Determination of methods such as
Risk management planning approaches and plans for risk
management activities

Establishment of response plans for risk factors
using the AHP and FMEA analysis methods

Risk identification dentl. ication and documen?atlon Identification of each of the six major risk factors
of risks that affect the project

Qualitative risk analysis Prioritization of risks Prioritization by modifying each risk factor

Quantitative analysis according to importance,

Quantitative risk analysis Quantification of prioritized risks . .
occurrence, detection, severity

Efficient management plans according to
Risk response planning Response plans for each risk factor response plans for each risk factor as well as
related countermeasures

Risk management activities Response and monitoring of each risk factor

Risk monitoring and control during the project life cycle using CMRS

The CMRS system proposed in this study is developed based on the management plan of
each of the six risk management steps in PMBOK, through which risks of CM firms can be
systematically managed.

4.2.2. Verification of Expected Effect by Applying CRMS

Field operation managers of different CM firms were surveyed in order to verify the practical
applicability of the CRMS and to prove that it can effectively be used to solve field operation
management problems faced by CM firms. The CRMS proposed in this study is aimed at improving
the systematic risk management processes and further at improving business effectiveness and
productivity. Thus, the expected effectiveness of this system has been examined by providing
explanatory videos and explanations to field operation managers from 15 firms (15 survey copies were
distributed and collected).

The CRMS assessing categories were “Ease of use”, “Adequacy of risk response measures”,
“Adequacy of system architecture” “Degree of completion of system”, and “Practical applicability”.
These five categories were evaluated on a Likert 5-point-scale (1: Very low; 5: Very high). Table 3
shows the results of expert verification.

The average rating of the system was 4.09, and the average scores for each evaluation category
were 4.27 (practical applicability and adequacy of the risk response measures), 4.13 (degree of
completion of the system), 3.93 (adequacy of the system architecture), and 3.87 (ease of use).
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Table 3. Verification of CMRS by experts.

It for Evaluati
ems for Evaluation Overall Standard

Evaluator Convenience Appropriateness of Response Appropriateness of Degree of System  Availability of System Average Deviation
of System Use to Each Risk Factor System Structure Completeness as an Actual Tool
A 4 3 5 3 4 3.8 0.84
B 3 4 5 4 5 42 0.84
C 5 5 4 5 3 44 0.89
D 2 5 3 5 5 4 1.41
E 3 4 3 5 4 3.8 0.84
F 5 3 4 4 5 42 0.84
G 4 5 2 5 4 4 1.22
H 4 4 4 4 3 3.8 0.45
I 3 5 4 3 4 3.8 0.84
] 5 4 4 4 5 44 0.55
K 3 4 5 4 5 4.2 0.84
L 3 5 4 4 4 4 0.71
M 5 5 4 5 4 4.6 0.55
N 4 4 5 4 5 44 0.55
O 5 4 3 3 4 3.8 0.84
Average 3.87 427 3.93 413 4.27 4.09 0.19

Standard deviation 0.99 0.7 0.88 0.74 0.7 0.27 0.13
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4.3. Contribution

As revealed by the investigation results, CM firms are currently unable to manage risk effectively
owing to the absence of field operation management risk definitions and analyses and the lack of
systematical countermeasures to such risks. This not only increases the work burden of coordinators
due to the absence of risk management departments and directors, but also generates difficulties
in responding to disputes and lawsuits that are actually caused by late response to risks and risk
management hindrances.

To solve these issues, the CMRS presented in this study provides a systematic and rational
work process for performing risk management through its seven modules and 20 sub-modules.
The project overview module provides data on the current state of each project. The accounts receivable
management module provides contract status related to payment delays and collection of payments
for each project. The customer dissatisfaction management module provides investigation plans,
submissions of customer dissatisfaction, client interviews, and improvement and fulfillment of services.
The contract revocation management module provides data on the financial conditions of the client as
well as the calculation of service fees according to termination. The project delay management module
provides data on establishing measures for each project delay. The legal dispute management module
offers response procedures for clients and schedules for interview plans to prepare for legal disputes.
The consortium management module provides information on the current state of consortiums and
difficulties of members as well as the state of handling these issues and means for resolution. The CRMS
proposed in this study is expected to offer effective response to risks, decision-making support,
and future knowledge management resources.

4.3.1. Comparing Characteristics of the CRMS with Existing Risk Management Systems

Considering the fact that the effectiveness of risk management for overseas constructions is
higher during the early stages of projects from both case studies and literature review, the fully
integrated risk management system (FIRMS) subdivides the early stages of projects and presents a
tool for managing the risks in procedures by classifying the total life cycle of projects in five stages:
establishment of ordering plans, bid preparation period, contract conclusion, construction, completion,
and maintenance. This allows the risks to be systematically managed. Additionally, by means of
a portfolio cash flow analysis, it provides practical cash flow and contract management guidelines
including main check points. However, since the system is focused on the early stages of domestic
and overseas construction projects, it cannot be easily applied to the national construction industry.
Furthermore, it also presents difficulties in performing multiple analyses because it cannot easily
process all characteristics related to the project and its environment, which are essential to analyzing
the variety of risks that may occur during overseas construction projects.

The risk management plan (RMP) and risk-based estimate system (RBES) used by the Washington
State Department of Transportation [36] were designed so that it could be more easily used and
accessed by users. Their major significance is that they can be downloaded from the internet without
charge. The RMP has a checklist form through which risk management processes, including risk
recognition, analysis, countermeasures, monitoring, and control, can easily be viewed. Additionally,
specific information about each process can be input, enabling effective risk management. In contrast,
the RBES, which is based on the RMP, offers functions such as calculation of expenses incurred by risks
during the entire project, and calculation of total expenses incurred by basic risk countermeasures
(e.g., gain, avoidance, bypass). Furthermore, the degree of risk can be obtained through Excel-based
Monte Carlo simulation. However, users have difficulties using and accessing the system due to its
complex architecture that comprises multiple menus.

The Simple Risk Management Process (TSRMP) is a risk management process designed with the
support of the Royal Society of London for the Promotion of Natural Knowledge [37]. It has major
significance as an Excel-based user-friendly process. Through this integrated web-based construction
risk management system, construction practitioners can easily understand the many risks that occur
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during construction projects and establish effective countermeasures to minimize losses caused by
them. However, although the architecture of this system is comparatively simpler than that of the
RMP or RBES, its system analysis techniques such as construction industry research and information
association (CIRIA) are weak, and it can only be used by Royal Society members.

The CRMS proposed in this study is capable of analyzing the importance, incidence, detection,
and severity of risks factors that occur in CM firms through AHP and FMEA techniques, which yielded
the six main risk factors that have to be prioritized. The CRMS comprises seven modules and
20 sub-modules in which detailed risk management status information is available and through which
information about future construction plans can also be obtained. Additionally, information regarding
the risk factors of projects is stored in the database, and it can be used as a resource for processing future
claims or disputes. Finally, all the information provided can easily and conveniently be visualized
through this system. Therefore, the CRMS proposed herein is suitable for use by all users—from
construction managers to executives—and it provides optimal risk management information for
national CM firms. Table 4 compares the characteristics of CRMS to the aforementioned existing risk
management systems.

Table 4. Comparison of CMRS to existing systems. RBES: risk-based estimate system; RMP: risk
management plan; TSRMP: The Simple Risk Management Process.

Existing Systems FIRMS RBES/RMP TSRMP CMRS
. Overseas construction . Construction Domestic CM
Applicable system . Construction company
corporation company company
Degree of system High Moderate Moderate High
completeness
System accessibility High High Low High
System convenience High Low High High
R Focused on the initial Complex risk Only members Focused on the
Utilization of system . . .
stage of overseas management in have access; weak field operation of
as an actual tool . - . . . .
construction construction company  analysis function domestic CM firm

4.3.2. Advantages of CRMS in Comparison with Existing Risk Management Systems

e  Decreased work burden for field managers:

Existing risk management systems lack standardized operating systems, which delays
decision-making processes. Owing to this, it is difficult to apply early countermeasures to risk
factors, which in turn causes an increase in the work load of managers and directors. However, CRMS
allows work progress planning through early response processes, which allows work to progress
effectively and minimizes additional task increments by reducing business confusion.

e  Decision-making support and results checking:

Since existing risk management systems lack standardized operating systems, decision making
processes are delayed and future business progress procedures regarding previously taken decisions
cannot be confirmed. However, CRMS allows such information to be viewed at any time. Additionally,
responsibilities and authorities can be granted to decision makers, easing risk response processes.

e  Records management:

Existing risk management systems present disadvantages at managing data related to
countermeasures taken against risks factors. Instead, the CRMS proposed herein stores data on
risk response procedures. This data can be used in the future as preparation for lawsuits and legal
disputes. Such information can also be used as knowledge management resources that may contribute
to the company’s technological improvement.
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4.3.3. Limitations and Future Research

Because most CM firms still prioritize process management, cost management, quality
management, and safety management, investment in risk management is deficient.

To apply the CRMS proposed herein in field operations, it is necessary to perform quantitative
studies of the system implementation. This should be preceded by active interest and investment from
directors, executives, and staff members in the inclusion of risk management in CM firms, including
the development of risk management manuals for each risk factor and the improvement of risk
management processes. Furthermore, there is insufficient research on project risk management in the
CM field. To perform this kind of research, it is especially important to gather the risk cases classified
by application, size, and nature of the project and store them in a database for use as a resource for
developing the risk management system.

5. Conclusions

In 2007, the Korean CM market experienced dramatic growth, reaching US$386.526 billion.
However, after the global financial crisis of 2008, the amount of orders decreased, and CM firms
were forced to compete, accepting excessively low-priced orders in order to survive in the market.
The consequences of such competition are still being suffered: e.g., deterioration of CM services, decline
of industry competitiveness, and degradation of risk responding ability. In particular, the degradation
of risk responding ability is caused by insufficient investment in risk management training, system
development, and research, which is in turn caused by a decrease in corporate profitability. Such risk
management insufficiency prevents CM firms from responding systematically and reasonably to the
risks that occur during field operations, which has a negative impact on them.

Thus, in this study, main factors that must be considered for developing a risk management
system for CM firms were selected by defining and evaluating the risks that can occur during field
operation management at CM firms. Centered on these main factors, an effective field operation risk
management system was proposed by presenting a functional block diagram and performing DFD
and ERD analyses. This system was evaluated by experts on five categories using a Liker 5-point-scale.
The categories evaluated were practical applicability (4.27), adequacy of the response measures (4.27),
degree of completion of the system (4.13), adequacy of the system architecture (3.93) and ease of
use (3.87). The average rating of the system evaluation was 4.09, which is a high-ranking score.

Owing to a lack of clear management standards and systematic manuals, existing risk management
systems used by CM firms present problems such as late response to risks, confusion regarding the
response procedures, and accountability uncertainty. However, the CRMS proposed herein offers
clear accountability by allowing early response to risks, verification of the person in charge of risk
management, clear risk response processes, and rapid response to legal disputes by managing risk
records. For these reasons, it is expected to improve risk management effectiveness in CM firms.
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