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ABSTRACT: Recently, the government has actively promoted the introduction of BIM at the national level to improve the efficiency and
productivity of the construction industry, and private interest in the application of BIM has also increased. However, despite the large
amount of references and information, not much research has been done in quantitative ways to accurately measure the performance
of BIM projects. The purpose of this study is to review performance measurement cases using ROI, investment effect analysis, and queue
model analysis using domestic and overseas BIM guideline research and to present standard templates that can quantitatively measure
BIM performance records according to domestic conditions based on this. Performance measurement trends and cases according to
the application of BIM were analyzed, and nine quantification elements were derived from this, and based on this, a performance
measurement data collection template at the BIM life cycle stage was prepared. Detailed items and contents were prepared for the nine
quantification elements, and the final template consisted of a total of 43 questions, divided into the entire stage (15), the beginning (8),
the middle (8), and the latter (12) areas. It is expected that by using the standard template of railway BIM performance records developed
in this study, the BIM design stage will be diagnosed and the deficiencies will be supplemented, which will be the basic data for measuring
actual quantitative performance in all life cycle performance of future BIM projects.
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Figure 1. Research process
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Table 1. Analysis of domestic BIM performance measurement trends

Researcher Subject Citation Contents
Development of a
) BIM performance management framework
Shin Performance Management
. development and CSF, KPI performance
(2016) system for BIM in the index can be quoted
construction Industry d
Son Astudy on the BM RQ' Investment and profit factors for BIM
(2016) measurement method in human capital and quality improvement
architectural design P g P
By analyzing the scope of BIM work and how
Development of ITBSC- | to use it, the improvement of design quality
Shin based evaluation system | and efficiency of design work is derived as a
2016) for BIM performance common purpose of applying BIM.

measurement in
architectural design field

Building an IT BSC-based BIM evaluation
system by reflecting the purpose and scope
of use of BIM

Quantitative index selection

<Key indicators derived through surveys for
experts>
Ten indicators such as the degree of

Lee for BVHbased design inconsistency between drawings,
(2016) collaboration performance . ) o ) g !
evaluation information request processing time,
number of model accesses, number of BIM
projects, etc.
Performance analysis of . )
Kim BIM manpower inoutin Comparative analysis of RFl economic
P P feasibility of BIM monthly report according
(2017) the construction stage
wsing case analysts o non-BIM experts and BIM experts.

Korea Railroad
Research Institute
(2018)

Rail Infrastructure BIM
Guidelines VER 1.0

<BIM utilization and management by
business stage>
Design stage: BIM implementation plan, BIM
model, quantity and drawing creation, etc.
Construction stage: BIM model object
adequacy, coordination by field, etc.
Completion stage: final BIM report, revision
of completion stage, review of conflict, etc.
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Table 2. Analysis of overseas BIM performance measurement trends

Korea Railroad
Research Institute

BIM-based economic and
social benefit analysis and
decision-making support

Citation of elements in the support system
for the generation and management of
information for each stage of design and

construction through the establishment of a life

@018) system establishment | cycle concept information integrated operation
and management system using BIM.
) Based on the number of BIM coordinators
Analyzing the performance ) )
) ) actually invested through the case project,
Ham of BIM coordinators in the .
] . the optimal number of employees is
(2018) construction stage using a
Jete model searched for and compared and analyzed
g for the waiting costs of participants.
Derivation of major BIM Understanding how to apply BIM in the
) ; construction stage
tasks in the construction )
Arrangement of business and business
Song stage based on the . )
] characteristics of orderer at construction
(2019) contribution to goal stace
achievement and the Derivation of strate icgma'or tasks for step-
expected adaptation effect gemay P

by-step BIM introduction

Researcher Subject Citation Contents
Analysis of the adoption Most of the profits from applying BIM
Dariusz Walasek, | rate of Building Information|  benefit from energy efficiency analysis,
(2017) Modeling and its Return on facility maintenance, rework and RFl
Investment reduction, and collision detection.
BIM visualization, help with BIM models in
) cost determination
Noor Akmal SUCSZI: ;sbtlxin?m —Bfa::d Accurate data utilization to reduce rework,
Adilah Ismail Quant 9 step-by-step integration of BIM model and
(2018) Y information
Surveyors . . o
Reliable database, interference coordination
through 3D modeling in building elements
lias Krvstalls Towards a methodology |  Identify measurement factors among the
(zorgl)a for quantifying the benefit | four areas of BIM costs, BIM benefits, BIM
of BM evaluation methods, and applicability
Vijhoef, Ruben | Modelling and simulating | Modeling the time use of workers using 4D
Dikstra time use of site workers | BIM, and quantifying specific intervention
(2019) with 4D BIM calculations
Astudy on 3D/BIM-based Selected 8 site productivity that can be
f used to measure the performance of BIM-
Cha on-site performance )
enabled projects
(2020) measurement system for "
buiding construction Use as a tool to facilitate management
through the introduction of a new system
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Table 3. Expected effect of introducing BIM

(Source: Rail BIM 2030 roadmap, 2018)

Phase Agent Expectation Effectiveness
Support for rational policy decisions using 3D route
information
Planning Orderer Pre-examination by accurate estimation
Definition of clear instructions for assignment by
understanding the requirements
Design examination taking into account visualization,
) Design surrounding environment, and intellectual circumstances
Design . .
company | Ensure accuracy by automatically reflecting design changes
Minimize design errors due to early collaboration
Reduced cost and duration by reflecting immediate revision
. of drawings
. Constructi . L .
Construction (c)ginruanlon Prevents waste on site by establishing detailed process plans
pany Decreased the construction period and cost due to the
reduction of design errors.
Visualization of fadility information using BIM information
, Maintenance |  Efficient management of defects in the maintenance and
Maintenance ) ; e
companty construction stages of railway facilities
Reduction of maintenance costs and efficient operations
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Table 5. Details and contents of performance measurement quantification elements
Detailed Item

Detailed Contents

Action plan writing

Quantification Elements
BIM Action Plan

Submit BIM utilization results in accordance with the BIM performance plan

BIM Utilization Achievement

Final BIM Model writing

Final BIM Model

Final BIM Report writing

Final BIM Report

Advantages of introducing BIM

BIM Results
Related to BIM Application and
Implementation
Risk Costs in the Process of Resolving
Design Errors

overhead, interest, delay compensation, etc

Calculate the number of days of

Construction period
construction delay

ground survey

BIM application threshold

Field Condition Survey

Related to BIM Application and
Implementation

Advantages of introducing BIM

Related to BIM Application and
Implementation

Same coordinate system/extender/2D drawing same coordinate system

Coordinate-Based BIM Model

Data linkage/construction fit when writing LOD level/4D of each member

Model object adequacy

Interference Check Report/Intervention Check Report Content Actions

Quality review
Sectoral coordination

in model

Data verification/drawing according to LOD level and model interlock/contains drawings

Create Quantities and Drawings

Loss of graphic object/Missing information data when converting extensions

Duration of BIM Residency

Data loss
Number of BIM Technicians

BIM Residency Career

Number of BIM Technicians

Calculation of Wages by Technician Rating

BIM Technician Rating

Status of change in input personnel

BIM-related training

Personnel expenses
Number of BIM Technicians

Related to the Educational System

BIM Technical Qualification Certification

Related to the Educational System

Create model results through design coordination/number of expert input

Create Design Modeling

Create Model Quality Checklist/Create Checklist Staff

BIM Human capital
Model review

Engineering type sorting criterion

Single, multi-process

Average number of work processes per person

Business handling standard

Cost calculation compared to existing 2D design cost

BIM modelling operation cost

Calculation of BIM Design Service Cost

Operation cost
BIM Modeling Operations

Educational expenses and hours

How to Increase Value of Utilization of BIM

Initial investment cost

Human capital
BIM The burden of new technology
investment
element o Software purchase and upgrade costs
Quality improvement
Hardware Purchase and Maintenance Types and Costs
Strengthening competitiveness Use cases and application rates
Satisfaction with the owner Satisfaction ratio
Quality improvement
Conflict reduction Additional costs due to poor collaboration
BIM Profit Marketing Effect through the Use of BIM Number of BIM-related outcomes per year
Element
Time management Time-shortening Reduce errors and rework while communicating with the orderer
Reduced 3D and accumulated outsourcing Advantages of introducing BIM
Cost management costs
Design price increase Provide additional services and improve design quality
Retention of BIM-related support Total number of people in BIM department / total number of people
department
Total number of BIM S/W installations / BIM departments

BIM S/W Maintenance Level

Total number of BIM H/W installations / BIM departments

BIM H/W Maintenance Level

Number of BIM construction carried out / Total number of BIM construction carried out

Processing capability element
BIM Quality Assurance Rate

Estimated Outsourcing Costs / Total Cost of BIM Projects

Percentage of BIM contribution to design
work outcomes

Total: 43

Total: 9




Design Phase
!' e = -‘\
E | Personnel Expenses BIM Human Capital
1
Beginning | | e of cagi * Moduing i
Phase |
L J 4
v == ::‘\
E Operation Cost BIM Investment Element’
| .
] S . *  Marketing Effect
Middle Enginssring ype soriing lewghnt?n Use of BIM
eritarion - * H/W Purchase and
*  business guide i
Phase ; - Maintenance
; | +  BIM Modeling Tasking +  Education expensss,
"\ W J\_hours,etc /i
/ BIM Profit Element Processing Capability )
| Element !
| «  Marketing Effect + Retention of BIM-related ||
Late through the Use of BIM support department |}
* Reducing the cost of 3D *  BIM Maintenance Level |
Phase | and appropriaie +  BIM Quality Assurance |}
& 1
1
]

Figure 3. Performance measurement elements according to
the BIM design phase
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Table 6. Template for collecting life cycle performance
measurement data_design phase

Phase Quantification Elements Questions for Performance
Level Measurement

What are the cost items when creating
the performance plan? (budget,
working hours, personnel, average
wage)

What is the rate of achievement of BIM
utilization compared to the plan?

What is the LOD for the final BIM
model?
BIM Result

What is the goal attainment rate
compared to what is stated in the plan?
[ratio)

What do you think is the biggest
advantage of introducing BIM
integration at the design stage
(automated drawing and other

outcomes / reduced design errors /
3D drawings / reduced design time /
reduced cost]?

Common

What is the delay time and risk
associated with the design error
resolution process?

What is the standard for calculating air
delay and how much is the cost for a

Construction period one-day delay?

During the design phase, what are the

number of days and unit costs involved

in the site condition survey during the
construction period?




Phase e Questions for Performance Phase P Questions for Performance
Level Quantification Elements e e e el Quantification Elements N e e,
What is the most difficult part of What is the cost of BIM modeling during
applying integrated BIM during the Operation cost the design phase? (labor, software use,
design phase? etc.)
What d think is the biggest
atdo yOl.J n IS. ? '9ges How long does it take to train BIM
advantage of introducing integrated 0 y 4
BIM at the design stage? W personnets{iime, work coun
How do you verify compatibility criteria c:;]t:T While most design phases are still
for BIM models based on the same within the 2D software system, what
coordinate system? Middle Phase BIM measures do you think can increase
When writing modeling that doesn't investment the value of your BIM?
Common Quality review fit your design objectives, how do you element There will be an inevitable initial
solve problems that you can't use as a investment in the early stages of BIM
model? Qualit adoption. What is the cost of purchasing
How do you measure the cost of a BIM imprs\?elnzent and upgrading software? (costs)
Coordinator for quality review?(people, What software do you usually use when
working hours, labor costs, etc.) using BIM?/What are the software
?
How much work has been done on the purchase and Hpgrade costs?
LOD level for quality review? How many projects have been
implemented within 5 years using BIM,
What is the average number of and what is the application rate per
corrections due to data loss and missing? case? (Number, Ratio)
If BIM professionals are present at the When working on BIM, what is the
site for integrated BIM application at order's satisfaction? (Satisfaction Ratio)
the design stage, how long d think i - -
© design s'age, how ‘ongq o youthin ) Quality How many additional meetings are
is appropriate? improvement .
- - there that cause confusion because
For integrated design phase BIM .
B ) both the owner and the construction
application, if BIM professionals are
. company are not able to share BIM
present on the site, what level of staff )
Personnel expenses do vou think is appropriate? work between the head office and the
y Pprop - site? (Meeting participants, hours)
What are the number of t?chnicians What is the number of BIM-related
and hours of operation? achievements per year?
When working in the design phase, Time What is the average meeting time in
how many inputs do you have? management Interference and Error Review? (time,
Beginnin i 9 number of times)
ginning Have you ever received BIM-related BIM Profit
Phase training. includi i ol List the order of the great benefits of
raining, including schools, educational Element ISt the order of the great benerits o
institutions, companies, associations, using BIM rather than the 2D software
private institutions, etc? system (reducing drawing errors and
Do you think a railway infrastructure omissio.ns/improving productivity
BIM technology certificate or technician dlue to |nFreasetl1 work elfﬂlmencyl
qualification certification system is / increasing PFOJECt.Pa"t'C'Pa”tS )
] necessary for the application of BIM Late Phase understanding / reducing construction
BIM Human capital at the design stage of the railway costs)
infrastructure field? Recently, BIM has created many new
What are the staff, working hours, Cost jobs. What BIM experts do you have in
and labor costs required for design management your company?
modeling? (BIM Modeler: Conducting Modeling,
When reviewing the model, what are Employee Level/ BIM Coordinator:
the checklist creation staff, working Conducting Model Review and Inter-
hours, and labor costs? Property Conventions; Conducting 3 to
During the design phase, what is the 5year§ of_experience/BIM Manager:
cost of creating data using BIM? (labor, Establishing and operating a full BIM
time, software use, etc) PJT operation plan; Managing director
What is the average number of work or higher level of BIM experience for
done per person?(Number of times) more than 5 years / etc.)
[within three months, three to six How many people are in the BIM
months, six months to one year, the department?
entire design period, optional period How many people are involved in BIM
Middle Phase Operation cost according to work and construction S/W maintenance?

type)

How do you calculate the cost of
carrying out the BIM by comparing it
with the existing 2D design?
(Compared to the existing 2D design
cost, 5-10%, 10-20%, 20 to 30% / Based
on the construction cost & Actual cost

+ Difficulty level and work)

Processing capability
element

How many people are involved in BIM
H/W maintenance?

How many times is the total number
of construction projects using BIM?
(Number of times)

What is the total cost of creating
workpieces in your design? (cost, input
personnel)
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