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Abstract

analyze all the earn value variables.

This study presents a tool which aims to support construction managers, particularly by combining BIM technology
and the Earned Value Management (EVM) technique to allow the visualization of cost and time performance of
construction works at a given time in a 3D BIM model. The following research will expose concepts and tools of
integrating Building Information Modeling (BIM) system tools in construction projects; the proposed will be tested in a
real-case project and all the different software tools that can be used for modeling and customize project information
workflow. The research will demonstrate how to develop an Earned Value Management (EVM) technique based
on the information from Autodesk Revit models; the research will explain how to extract data from the project and
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Introduction

Technology is transforming the way that buildings and
infrastructure are designed, constructed and operated. It’s helping
to improve decision-making and performance across the building
and infrastructure’s lifecycle. Technology is slowly breaking through
construction management practices and new contractual methods are
emerging [1]. The objective of this study is to create an EVM/BIM tool
that allows the direct visualization of the cost and time performance
of construction works in the BIM model created with Autodesk
Revit. The research paper will demonstrate how to develop an Earned
Value Management (EVM) technique based on the information from
Autodesk Revit models; the research will explain how to extract data
from Autodesk Revit to Microsoft Excel using Dynamo [2,3]. This data
allows the user to obtain the cost and time performance of the project
and of each element of the model. These elements are then colored
according to a colors code system in which each color symbolizes a
specific performance. The tool enables the manager to detect the
sensitive areas of the construction works in the BIM model, and
categorize them in terms of their level of importance [4,5].

Literature Review

Since the beginning of civil construction, two-dimensional (2D)
drawings are commonly used for planning and design. Many different
types of drawing can be used during the process of designing and
constructing buildings. Construction drawings are used to describe a
place or object, to communicate building or fabrication instructions,
or also can be used to estimate quantities. With the advances of new
technologies and innovation in the construction industry the process of
planning and designing emerge to a three-dimensional (3D) building
models and digital rendering. Utilizing 3D models is a cost-effective
alternative to physical models. Many firms have taken advantage of this
new technology to replace traditional methods of physical modeling.
BIM is an intelligent 3D model-based process that gives architecture,
engineering, and construction professionals the insight and tools
to more efficiently plan, design, construct, and manage buildings
and infrastructure. BIM is being increasingly present in the mind of
construction practitioners [6,7]. BIM provides better visualization of
the project, improved design coordination, enhanced team, reduced
project costs and duration. BIM can also be seen as a virtual process
that incorporates all building data in a unique model, which enables
a more efficient and precise collaboration between all stakeholders,

owner, contractors and architects. Any of them can adjust or refine the
model in order to make it as thorough as possible before the start of
the execution works [8]. Moreover, BIM does not only refer to a 3D
intelligent model or modeling software. According to him, it is also
a process that can deeply impact the project delivery processes or the
workflow.

Earned Value Management is a management technique used
in different areas such as Information Technology (IT) project or
construction projects, which aims to monitor cost, schedule and
technical performance of a project. One of its main uses is the forecast
of project cost and time through the use of performance indices. It
constitutes an early warning of performance problems when properly
applied. It is based on the interpretation of three S-curves in a cost-
time graph. Each curve represents cumulative data of a specific
parameter. The Project Management Institute (PMI) defines three
input parameters:

o The Planned Value (PV): Based on the work plan, it is the
planned cost of the project work, which I supposed to be done
at any time in the schedule. The highest and last value of PV
is the Budget at Completion (BAC) corresponding to the total
budget baseline for the activity.

o The Actual Cost (AC): Represents how much resources have
been used to reach the actual work performed. It requires
having a system for tracking costs over time and by project
component.

o The Earned Value (EV): Represents the amount of work
accomplished to date or in a given period.

Visual programming and scripting has become an important tool
for the design and construction areas. It constitutes an alternative
to computer programming, which is usually required for designers
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to implement their sophisticated design intent in parametric BIM.
It can replace the conventional elaborate coding with a visual
metaphor of connecting small blocks of independent functionalities
into a whole system or procedure [9]. Furthermore, a survey of 50
visual programming languages showed that a more visual style of
programming could be easier to understand for non-programmers or
novice programmers such as architects [10,11].

Methodology

The research provides an analysis of the possibility and potential of
combining BIM and EVM techniques in order to create a framework
that can provide a support and guidelines for construction managers.
To begin with the research the first step is to identify and define the
problem in order to establish the objectives, purpose and goals. After
constitute the goals, a literature review is conducted in order to get
a full understanding about BIM and EVM theory and application
in construction management, also a review about the concepts,
implementation of the software and technology used. An Excel sheet
is created with the costs, schedule and forecasting analysis formulas in
order to develop an EVM work sheet. Project’s schedule and budget
data is imported into Revit as a parameter for each different family type.
Dynamo programming script is developed to create the connection
between Revit and Excel sheet. The script has to be run and simulate
in order to extract data from Revit and imported into the Excel sheet.
Finally, with the EVM data in Excel, a project’s performance analysis is
conducted. The analysis of the EVM will improve project management
visibility and understanding of the cost and schedule performance in

order to manage and control the project. Figure 1 shows the flow and
steps of the research methodology.

Development and Results

The integration of the tool requires extracting real data from Revit
to Excel. In order to accomplish the objective, it is necessary to have a
construction project modeled with activity’s cost and duration in Revit.
This study presents a two-story structure with four project’s activities
(Foundations, Columns, Framing and Slabs) as in Figures 2 and 3. All
the elements in the model are assigned to an activity as an element
group. The foundations are grouped together in order to assign them
to the first activity.

After the creation of the groups by activities, it is necessary to
develop instance properties for each group as in Figure 4. The properties
are created as data parameters, every group have an Activity ID, Activity
Name, Duration, Budget, %Complete, Earn Value, Actual Cost. The
user must input data to the parameters following the information from
the project’s schedule of value.

Next step is to create the Dynamo script in order to extract all the
data from the groups (Figure 5). The script selects the data to be extract.
The parameters are into the Model Group type, first step is to select
Model Group with a category node, then extract all the parameters that
will be necessary to develop the analysis as in Figure 6. Second step is to
create the list of data as in Figure 7 and finally assigned an Excel file to
write the data extracted as in Figure 8.

After running the script all the data is extracted and analyzed in

- Cost Analysis
- Schedule Analysis
- Farecasting

]
- BIM

- EWM
- Rewit'Dynamo

- Parameters

- Extract Data from Rewit

- Run Script in Rewit
- Get Data in Excel

- Analyze Data

Figure 1: Research methodology.
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Figure 2: 3D structure in Revit.

Figure 3: Foundations group.

Properties

Model Group
Foundations

-Madel Groups (1)

Constraints
Reference Level

| g Edit Type

Origin Level Offset

Data

Activity ID

Activity Name Foundations
Duration (Days) 10

Budget 45000.00

% Complete 100

Earned Value 45000.00
Actual Cost 50000.00

Figure 4: Group’s properties.

Figure 5: Dynamo script.
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Figure 6: Selection of model group parameters.
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Figure 8: Write data to excel file.
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I.D.  Activity | Duration Budget %Complete, PV EV AC SV |SPI| CV CPI BAC ETC EAC VAC  TCPI- TCPI-
BAC EAC
1 | Foundations 10 45000 100 45000 45000 = 50000 0 1 -5000 0.9 45000 0 50000 | -5000 0 #DIV/0!
2 Columns 5 50000 100 50000 50000 48000 0 1 12000 1.041667 50000 0 48000 | 2000 0 #DIV/0!
3 Framing 5 40000 50 40000 20000 20000 (-20000 0.5 O 1 40000 = 20000 | 40000 0 1 1
4 Slabs 8 60000 0 60000 0 0 -60000 O 0 #DIV/0! | 60000 | #DIV/O! | #DIV/O! | #DIV/0O! 1 #DIV/0!
Table 1: Excel EVM data analysis.
EVM formulas
Schedule Variance (SV) EV - PV
Schedule Performance Index (SPI) EV/PV (>1 ahead, < 1 behind)
Cost Variance (CV) EV- AC (+under, - over)
Cost Performance Index (CPI) EV/AC (>1 under, < 1 over)
Estimate to Complete (ETC) (BAC - EV)/CPI
Estimate at Completion (EAC) AC +ETC
Variance at Completion (VAC) BAC — EAC (+under, - over)
To Complete Performance Index (TCPI) To achieve EAC: (BAC - EV)/(EAC —AC)
To achieve BAC: (BAC — EV)/(BAC — AC)
Table 2: EVM formulas.
Performance Measure Schedule
SV>0 & SPI>1.0 SV=0 & SPI=1.0 SV<0 & SPI<1.0
Cost CV>0 & CPI>1.0 Ahead of schedule under budget On schedule under budget Behind schedule under budget

CV=0 & CPI=1.0
CV<0 & CPI<1.0

Ahead of schedule on budget
Ahead of schedule over budget

On schedule on budget Behind schedule on budget

On schedule over budget Behind schedule over budget

Table 3: Performance measures for data analysis (PMBOK Guide).

Project Management Question EVM Performance Measures

How are we doing timewise? Schedule Analysis & Forecasting
Schedule Variance (SV)

Schedule Performance Index (SPI)
Cost Analysis & Forecasting
Cost Variance (CV)

Cost Performance Index (CPI)

To-Complete Performance Index
(TCPI)

Estimate at Completion (EAC)
Variance at Completion (VAC)
Estimate to Complete (ETC)
Table 4: Analysis management questions (PMBOK Guide).

Are we ahead or behind schedule?

How efficiently are we using time?

How are we doing cost-wise?

Are we under or over our Budget?

How efficiently are we using our resources?

How efficiently must we use our remaining
resources?

What is the project likely to cost?
Will we be under or over Budget?
What will the remaining work cost?

Excel as in Table 1. In order to analyze the data and obtain a project
performance, it is necessary to introduce the EVM Formulas which is
given in Tables 2-4.

Conclusion

This study aimed to provide support and guidelines to the
construction managers in order to control and manage the schedule
and the budget for construction projects. The final tool presented is
an integration and analysis of Revit data with EVM. The integration is
done by a Dynamo script, which performs the interoperability between
the two soft wares platforms.

The EVM gives an accurate estimation of the actual and future cost
and time performance, which are two of the most important criteria
to evaluate the success of a project. This BIM tool can be very useful to
help managers to analyze project’s performance and be more proactive
in making prompt decisions and timely adjustments. This in turn could
result in the avoidance of major delays and budget overspendings.

Furthermore, by integrate Revit with EVM; construction managers

have a better visualization of the project. The managers are able to
introduce data directly to the model and analyze it in Excel. The study
has demonstrated that the combination of Revit and EVM concepts is
complementary and worthwhile. The paper has proved the potential
of BIM technology, a potential that is emphasized by the use of visual
programming that enlarges its capabilities. It has also showed that BIM
can be a valuable visualization support instrument. It can be concluded
that this tool fulfills the scope and objectives of the study.
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