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1. INTRODUCTION AND EXISTING STUDIES

• Building Information Modeling (BIM) has been widely adopted in the 
building industry, and its established methods and technologies show 
enormous potential in benefiting the civil engineering industry. 

• Through the rapid growth of BIM in the civil engineering industry, 
mandatory use in government procurements, and utilization for 
improving productivity, the importance of 3D product models in the 
civil engineering industry is becoming increasingly prominent. 

• For government procurements in Japan, the Ministry of Land, 
Infrastructure, Transport and Tourism (MLIT) launched a trial project 
called Construction Information Modeling/Management (CIM) in 2014. 



1. INTRODUCTION AND EXISTING STUDIES
The purpose of this paper is to propose for government organizations to 
implement Earned Value Management (EVM) using 3D product models. 

• Firstly, the government contract process in line with the acts, guidelines and 
standards are mapped using an Information Delivery Manual (IDM). 

• Next, in order to implement EVM using 3D product models, it is necessary 
to organize the relationship between the Work Package (WP), the minimum 
units of the Work Breakdown Structure (WBS), and the government 
contract units. For this reason, 3D product models with government contract 
units are defined as Information Delivery Elements (IDE). 

• Finally, by using the Steel Bridge Information Delivery Model (SB-IDM), 
which has been integrated with the IDE of the steel bridge structure, the 
usability of EVM is evaluated.



1. INTRODUCTION AND EXISTING STUDIES
EVM
• The American National Standards Institute/Electronic Industries Alliance 

(ANSI/EIA) approved the Earned Value Management Systems (EVMS) 
standard in June 1998. 

• EVMS is a project management system that helps project managers measure, 
analyze, and manage performance-related factors for projects such as costs 
and schedules through a comparison and analysis of the Planned Value (PV), 
Earned Value (EV), and actual costs (Fleming and Koppelman, 2010). 



1. INTRODUCTION AND EXISTING STUDIES
EVM with BIM
• Studies on EVM in the civil engineering industry involving 3D product 

models include a study by Yabuki et al. (2004) on the development of 
construction management systems for cut and fill earthworks based on 4D-
CAD and EVM. 

• The study aims to streamline and improve construction management and 
implement progress payment methods. In addition, a study by Mohamed et 
al. (2014) implementing an EVM concept on BrIM, which is a method for 
the 3D product modeling of bridges developed by the Federal Highway 
Administration (FHWA, 2016), and which investigates a system for 
controlling costs and scheduling construction works. 

However, there are no existing studies focusing on the relationship between 3D 
product models and government contract units/project management. 



2. IDM AND IDE
Acts, Guidelines and Standards
• The MLIT performs a quantity survey 

prior to procuring a project using the 
“ceiling price,” which is set in 
accordance with the “Laws and 
regulations on the procedure for 
determining the contract amount.” 

• The government contract unit 
standardization is a system tree 
diagram which subdivides diverse 
construction items in a standardized 
manner and consists of seven 
hierarchical layers (levels). units.



2. IDM AND IDE
IDM for Steel Bridge Project
• The IDM aims to provide an integrated reference for process and data 

required by BIM. 
• The IDM comprises “Process 

Maps” and “Exchange 
Requirements,” which can be 
described as layers within the 
architecture. 

• Figure 2 shows IDM for the 
design, quantity survey, and 
cost estimation stages of a 
steel bridge project.



2. IDM AND IDE
IDE
• In order to implement EVM using 3D product models, it is necessary to 

organize the relationship between the WP, the minimum units of the 
WBS, and the government contract units. 

 The government contract units standardized in Japan define;
 Level 4 defines indicate units. 
 Level 5 defines materials and specifications and conditions disclosed 

in contracts.
 Level 6 defines component elements for cost calculations.



2. IDM AND IDE
IDE
• IDE of the steel bridge as an exchange requirement are shown in Figure 3. 



2. IDM AND IDE
IDE
• IDE equipped with Level 4 and Level 5 information can be used to 

quantify work items in accordance with the Quantity Survey Items and 
Classification Conditions .

• Figure 4 shows a class diagram for the IDE linked with the EVM.



3. SB-IDM AND EVM
• The potential of EVM coordination was evaluated by outputting the 

government quantity survey data obtained from the SB-IDM, which has 
integrated the IDE of the steel bridge structure generated in accordance with 
the newly defined data structure. 

• The newly defined SB-IDM was developed using Autodesk Revit 2018.
• Table 2 shows design conditions of the steel bridge upper deck used for this 

evaluation.



3. SB-IDM AND EVM
• Figure 5 shows components of the main girder and connection materials. 
• Using this information, work items can be quantified at a per-material basis. 

In quantity surveys by government organizations, the manufacturing and 
material costs, as well as the assembly time, welding time, and temporary 
assembly time, are calculated based on the weight of the steel plates per 
material type after quantifying the work items. 



3. SB-IDM AND EVM
• When performing this process, the assembly time shall be calculated using a 

block length of the component materials. The total length of welding 
required in quantity surveys by government organizations can be calculated 
by predefining the welding edges of each component material.

• Figures 6 show the SB-IDM with IDE components in place.
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3. SB-IDM AND EVM
Quantity Survey and Cost Estimation
• A quantity and cost estimation summary (Table 3) was generated using the 

quantification obtained from the SB-IDM. 

• For the quantity and cost 
estimation summary, quantity 
and cost information from the 
IDE produced in Revit were 
exported to a CSV file.



3. SB-IDM AND EVM
EVM
• The construction procedure was to simultaneously construct the A1 and A2 

abutments during the steel bridge manufacturing period and to construct the 
P1 and P2 piers sequentially after completion. 

• The steel bridge will be constructed from the A1 side, and the construction 
period is set to 9 months, avoiding the flood period. In addition, the 
workable days of each month are unified on the 20th. 

• Table 4 shows the results of the 
calculation of various EVM 
parameters by inputting data for 5 
months for verification.



3. SB-IDM AND EVM
EVM
• Figure 7 shows a graph of the vertical axis with the SPI and the horizontal 

axis with the CPI to evaluate the work progress by EVM. 
• In the case of the data for verification, 

the start month indicates the area of low 
cost/slow process in the lower left where 
the EV falls below the PV through the 
confirmation of site construction 
conditions and preparation of materials 
and equipment.

• The predicted completion period (Tec 2) 
will be 390 days, which can be expected 
to be extended by 30 days from the 
initial construction period. 



4. CONCLUSIONS
The research presented in this paper has purpose for EVM using 3D product 
models. The key benefits of the SB-IDM that have been developed include:

• Organized in IDM include the acts, guidelines and standards that must be 
followed in order to use 3D product models in the civil engineering 
industry;

• The SB-IDM which are integrated the IDE are defined to use 3D product 
models with government contract unit.

• EVM based on the government procurement quantity can confirm the 
progress of construction objectively and quantitatively;

However, the government procurement system in japan, in principle, it is a 
design-bid-build. When applying the method proposed in this report at the time of 
construction, it is need to be checked the SB-IDM according to the temporary 
equipment of the construction method and the construction by the contractor.


