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Abstract

Urban expansion is undergoing rapid growth, prompting several nations to create financial and administrative
capitals outside congested urban areas, leaving the existing buildings unoccupied. To investigate the possibilities

of changing the real estate’s usage, the owners of these existing buildings turned to feasibility study experts for
assistance in making the optimum alternatives. An integrated framework between value engineering and building
information modeling, especially appropriate for existing buildings, is required to aid decision-makers in selecting the
best options for current building utilization. Previous studies only investigated the value engineering alternatives dur-
ing the design phase, when they decided to reduce project costs using construction materials alternatives. Still, they
overlooked existing building alternatives in terms of changing the kind of usage of such buildings. So, they need an
integrated model between value engineering and building information modeling, especially applicable to an existing
structure, to determine the optimum usage type for the existing building. Value engineering and building information
modeling must be connected to profit from both outputs simultaneously. And used the multi-criteria decision-anal-
ysis method. Today's analytic hierarchy process is the most widely used. This paper provides an integrated framework
between value engineering and building information modeling that can be applied to existing buildings to assist in
determining the best alternative in terms of the type of usage for such existing structures by conducting BIM meth-
odologies such as a feasibility study which includes present value, cash flow and the bank interest rate, and BIM soft-
ware such as Revit and Primavera. The multi-criteria decision analysis method was used to focus on what is important,
logical, consistent, and easy to use. MCDA which considered a process for evaluating options with conflicting criteria
and choosing the best solution, similar to a cost—benefit analysis, but evaluates numerous criteria rather than just
cost. The findings revealed that this integrated framework, which includes feasibility studies and comparison tables,
may be implemented in the future while taking into account time and location constraints.

Keywords: Building information modeling (BIM), Value engineering (VE), Optimal solution, Feasibility study,
Integrated framework, The multi-criteria decision analysis method, The analytic hierarchy process (AHP)

1 Background

The real estate owners sought the assistance of an eco-
nomic expert to help them decide the best options for
changing construction usage. Most feasibility of this
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study aims to use the BIM technique in their research,
where it can decrease calculation time and failure costs.
Building information modeling (BIM) is a digital system
in which all essential information is stored, used, and
controlled by all stakeholders, starting with the design
and ending with the constructed building. Where BIM
is a technology that allows the creation of a structure
with the help of many stakeholders, a construction-wide
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culture shift is required to achieve a unified commitment
to BIM.

Building information modeling (BIM) and value engi-
neering (VE) hybrid were developed to get the most out
of both. The previous integrated models failed because
they were limited only to the building VE alternatives at
the design phase and did not include VE alternatives for
the existing structure.

This paper presents a comprehensive model for guid-
ing decision-makers to the optimum VE alternative for
existing structures using BIM tools as a feasibility study,
including BIM software such as Revit and Primavera.
The feasibility studies with the banks’ interest ratio, the
real estate owners’ ability to make some modifications
during the development of the alternative, and the time
required to implement the alternative and achieve goals
were all used in this paper. One of its results is that the
net present value (NPV) is a financial metric that seeks
to capture the total value of an investment opportunity.
The idea behind NPV is to project the future cash inflows
and outflows associated with an investment, discount all
those future cash flows to the present day, and then add
them together. The resulting number after adding all the
positive and negative cash flows together is the invest-
ment’s NPV. A positive NPV means that, after accounting
for the time value of money, you will make money if you
proceed with the investment. Components of the inte-
grated model technique are depicted in Fig. 1.

1.1 Value engineering methodology

Value engineering is described as a process for examin-
ing the purpose of the equipment, systems, services,
and facilities to meet their essential duties at the lowest
possible cost while maintaining required performance,
dependability, quality, and security [1]. The major goal of
the VE technique in construction is to eliminate super-
fluous expenses while increasing performance and qual-
ity standards that match or exceed the owner’s objectives
[2]. Reducing project costs while preserving or enhanc-
ing quality and performance requirements are three
major characteristics of VE. However, the traditional VE
approach has various flaws or restrictions that may make
it difficult to attain the required results. The drawbacks
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of the VE approach are explored [3]. VE methodology is
often cost-driven. Most project owners, it is determined,
are more motivated to decrease the first cost, espe-
cially when using the VE as a tool for identifying system
functionalities at the lowest price. Owners might over-
emphasize cost to jeopardize other important VE goals,
such as enhancing quality and performance [4].

1.2 Building information modeling methodology

Building information modeling (BIM) is a technique that
creates a virtual building to construct it physically. The
integration allows designers and builders to collaborate
on a single aim, allowing design and construction opera-
tions to develop in the most efficient way possible for the
project rather than being locked into distinct phases as
needed by over-the-wall delivery [5]. BIM is more than
simply a piece of software; it is a mix of software and
methodology. Furthermore, to properly implement BIM,
nations all around the world are beginning to develop
BIM guidelines [6]. Old structures lose their efficiency
and functionalities with time, necessitating adaptive
reuse. The ideal reuse option to choose is not straight-
forward, and it necessitates a variety of considerations
owing to the many parties and criteria involved. Deter-
mining the best appropriate selection strategy in the
adaptive reuse project is critical [3]. The goal of the BIM
and VE integration is to leverage the BIM model to facili-
tate visualization so that users may see multiple project
design options. The constructability and coordination,
4D scheduling, and 5D cost planning will all be affected
by the evaluation and selection of a suitable alternative
design through the 3D-BIM model [7], which helps to
develop the maximum number of alternatives to deliver
the functions cost-effectively through the following:

1. Create a list of innovative ideas for alternative meth-
ods to conduct each specified function

2. Provide optimal solutions among the available solu-
tions to the project’s essential functions at a lower
cost.

3. Create a variety of viable options for performing the
function to increase the project’s value [8].

An
Value Building Information Integrated
Engineering C:L:' Modeling (BIM) % Framework
(VE) Methodology Approach

Fig. 1 The components of the integrated framework approach
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The current practice of BIM education is very diverse
according to the wide range of disciplines involved. In
architecture education, the documentation and visualiza-
tion tools of the BIM are enhanced, while the structural
engineering discipline is strongly connected to structural
analysis and design software, the management discipline
is more involved in the collaborative platforms of BIM,
and the construction-related subjects are usually dealing
with scheduling, quantity statement, and cost estimate
[9].

The concept of a successful building project should
be implemented across the project’s lifecycle phases
to obtain maximum profits without compromising the
standard. Although BIM implementation in developing
countries is limited, much research has focused on BIM
drivers. However, there is less evidence to thoroughly
investigate the influence of BIM barriers and awareness
on the project lifecycle [5].

1.3 Multi-criteria decision-making analysis

In multiple criteria decision-making, the analytic hierar-
chy process is the most utilized tool. In topics including
planning, picking the best option, resource allocations,
and optimization, much significant research has been
published based on the AHP theory [10] . Decision-mak-
ers and scholars have benefited from the analytic hierar-
chy method since its inception [11]. The most creative
challenge may be selecting the elements that are most
successful in deciding. These aspects are organized in a
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hierarchical framework in AHP, starting with an over-
arching aim and progressing to criteria, sub-criteria, and
finally, options [12].

1.4 VE and BIM integrated framework
Previous research employed simulation to get the data
and focused on small components of the structure or a
phase of the VE investigation. The following studies on
BIM and VE integration can be found in the literature,
which presented a BIM-based workflow for reengineer-
ing the shop drawing production process [13]. The BIM
and VE were used to improve green building design;
the study used simulation to develop different alterna-
tives to the building envelope for optimum energy con-
sumption; the study used simulation to develop different
alternatives to the building envelope for optimum energy
consumption [12]. And others proposed a framework
for integrating VE and BIM in the divergent phases of a
construction project, shown in Fig. 2 [14]. On the other
hand, focused on the creativity phase of a value engineer-
ing workshop and developed a BIM-based prototype to
help generate and retrieve ideas [15], it also proposed a
framework for This is not the first time that BIM and VE
have been combined [16].

A framework for integrating BIM with VE to develop
and assess sustainable design at the early design stage of a
project was provided [17], which included:

Construction cost control based on building
information modelling (BIM) and value engineering
(VE) integration system

v
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Fig. 2 The framework is based on BIM and VE integration [14]
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1. Provide a survey to investigate the projected benefits
of combining BIM with VE. The impact of the BIM
application with VE was evaluated using the opinions
of construction industry participants [6].

2. Create a 5D BIM model that combines BIM with VE
[18]; this integration was built on numerous options
for visualizing requirements, timetables, and budgets
using the Navisworks simulation.

3. Use the Design-Builder tool to investigate building
energy efficiency by evaluating weather and virtual
environment data.

4. Evaluate the relative environmental implications of
the alternative design’s construction materials using
SimaPro’s environmental emission analysis.

5. Life cycle assessment is considered as part of the
Leadership in Energy and Environmental Design
(LEED) grading system, which is based on ISO 14040
standards.

6. Create a multi-attribute decision environment to
help you identify the most sustainable design option.
Visual Basic Studio proposes a methodology for AHP
to assess the data using a computational program-
ming platform in C# [19].

2 Methods and experimental

Applying value engineering techniques to existing build-
ings is not frequent in Egypt, consequently, this study
aims to develop a framework to aid the value engineering
team in implementing value engineering methodology
[20].

Page 4 of 21

As mentioned in the previous chapters, value engineer-
ing is critical for capital projects that demand significant
resource commitments. Value engineering will aid in the
development of better knowledge and appreciation of the
project scope of work and reduce needless expenditures
without compromising the needed functions of project
components. Owners (decision-makers) have long strug-
gled with determining the best option based on many
criteria [21]. Because the selection criteria and their
respective weights change from one project to another to
fulfill owners’ demands about project-targeted objectives,
there is no consistent solution to this challenge [9].

This paper describes the techniques/methodology used
to create an integrated framework. It employs a coded
version of the AHP to assist the VE team in evaluating
competing options [6]. The project BIM model was cre-
ated with BIM applications, Revit 2021 and Navisworks
2021, which are used to build a 3D model, schedule
tables (4D), and survey quantity tables (5D). Instead of
conducting the calculations manually, the AHP client’s
account was facilitated by the website of (BPMSG, Busi-
ness Performance Management Singapore), as well as a
timetable chart prepared by the Primavera P6 application
[22]. The research was organized into five primary stages,
as shown in Fig. 3.

2.1 Research limitations

The study’s spatial scope has been restricted to projects
created and implemented in Egypt so that the effect of
changing the location has been neutralized, and its nega-
tive or positive results have been removed.

Value Engeeripg Methodology

Pre-Workshop Phase
Stakeholder Identfy|
Data Collected

Workshop Phase
Information Phase
Function Phase

Build 3D Model

I Creative Phase (HBuilding Information Modeling Methodology()

Build 4D - Schedule Char{

|Mullj-Cn'teria Decision Analysis |

A 4

Analytical hierarchy process
AHP

[2| [Presentation Phase

Build 5D - Priced Quantity Tablel

Post-Workshop Phase|

Development Phase|

Follow Up Activity|

Fig. 3 Anintegrated framework flowchart
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The initiatives under investigation have been confined
to those conceived and implemented between 1970 and
1990. This period was chosen because it featured periods
of economic and political stability and a standards-based
architectural and structural design and building proce-
dure. Concrete construction code standards are similarly
constrained. As a result, the research area is limited to
the common factors associated with the project’s nature.

2.2 Research criteria

Based on the influence of BIM in displaying the VE
options, such as 4D (time) and 5D (cost). The result
will be an integrated framework of both methodologies
that will assist decision-makers in selecting the best VE
option based on particular criteria. This paper considers
many options in terms of:

The bank interest ratio—one of the feasibility study
outcomes—was used to calculate the net present
value of investment (NPV).

The amount of time it takes to reach the highest
alternative investment through the feasibility study
outputs (cash flow)—(Required Time).

The project owner’s capacity to make any modifica-
tions with minimal loss during alternative implemen-
tation—(Change Ability) [23].
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2.3 Software method

The BIM applications Revit 2021 and Navisworks 2021
are used to build a 3D model, schedule tables (4D), and
survey quantity tables (5D). Instead of conducting the
calculations manually, the AHP client’s account was facil-
itated by the website of (BPMSG, Business Performance
Management Singapore) [19], as well as a timetable chart
prepared by the Primavera P6 application.

2.4 An integrated framework mechanism

As indicated in the flowchart in Fig. 4, the BIM method-
ology includes drawing 3D alternatives models with soft-
ware BIM tools, extracting data from the 3D-BIM model,
survey quantity, cost estimation, scheduling, NPV, and
cash flow, which are all outputs of feasibility studies, and
determining the criteria, which are an essential compo-
nent in the process of evaluating different alternatives for
judging alternatives. A 3D model, schedule tables (4D),
and survey quantity tables (5D) are built using the soft-
ware BIM program Revit 2021.

The BIM methodology includes drawing 3D alterna-
tives models with software BIM tools, extracting data
from the 3D-BIM model, survey quantity, cost estima-
tion, scheduling, NPV, and cash flow, which are all out-
puts of feasibility studies, and determining the criteria,
which are an essential component in the process of evalu-
ating different alternatives for judging alternatives. A 3D
model, schedule tables (4D), and survey quantity tables

Value Engineering Methodology Muilti-Criteria_
W Decision Methodology Software Tools Framework Model Steps
Pre-Pht:;l;shop Work Phase Post-Workshop Phase Analysis
1-lakeholder 1denti| - - : VE Excel - MS Office [1.  dentify the Stakeholder - Set up a
value ing team
2- Data Collected - - - VE Excel - MS Office |2- Conduct project Information
Conduct the dicision maker and
. Excel - MS Office |3- marketing needs, determine the bank
Information . .
1- - - VE interest ratio
Phase
Excel - MS Office |4- Suggested the proposed alternatives
Rivet 5. Architectural drawings ?nd views for
each alternative
Function PowerPoint -MS .
2- Phase - - VE - BIM Office 6- Take Initial Approv:?l for Suggested
N Alternatives
Rivet
Rivet 7- Determined the cost and quality
Primavera 8- Create the Alternatives (4D Model - 5D
3. Creative R R VE - BIM - Feasibility Model)
Phase Study Conducted a feasibility study with cash
AHP 9-
flow
Calculated the net present value (NPV)
- - VE -Feasibility Study | Excel - MS Office (10- of each alternative based on the cash
4 Eval flow
Phase Analytical . .
R Hierarch VE - AHP AHP 11- evaluated th.e al!ern?twes by comparing
the criteria with each other
Process
Presentation PowerPoint -MS
5- Phase - - VE - BIM Office 12 The VE team presented the VE Report
1- Follow Up Activity - VE - BIM - 13- The optimal decision was impl d
Fig.4 Anintegrated framework mechanism
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(5D) are built using the software BIM program Revit
2021.

2.5 Case study

In this paper, an integrated framework was utilized in a
case study to illustrate its capabilities and to emphasize
the model’s properties. The case study is used to build a
model for BIM integration with VE to help with decision-
making when examining options and deciding on the
project’s existing structure; the model is based on a data-
base created using BIM software.

The model is meant to aid real estate owners in select-
ing the most appropriate utilization type of existing
structure throughout the design and feasibility study
phases by showing design, cost, and time performance on
a BIM model. It provides a visual aid and alternate infor-
mation and allows for the criteria analysis.

The building consists of five floors after the ground
floor. The administrative headquarters of the Maadi
Company for development and reconstruction subsidiary
of the public business sector ministry, which is a public
organization, were selected.

2.5.1 Steps to implement an integrated framework on case
study

Step No. 1. A decision-maker (the company’s CEO) and
the technical and finance team members comprise the
value engineering team. The group got together to deter-
mine how they might benefit from the company’s vacant
headquarters in the city’s heart. The following criteria
were devised for evaluating the project options based on
your pairwise comparisons:

+ NPV: The net present value of an Investment is one of
the feasibility study’s results, and it includes the bank
interest ratio, which is ranked first with a 60% prior-
ity.

+ Required Time: The time required to accomplish the
greatest alternative investment through feasibility
study outputs (cash flow), which are ranked second
with a 30% priority.

« Change Ability: The project owner’s ability to make
any adjustments with minimal loss throughout alter-
native implementation, which is ranked third with a
10% priority.

Step No. 2. The corporate administration provided the
data for the existing building case study. The information
regarding the existing building case study is presented in
Table 1 and Figs. 5, 6, 7, 8, and 9.

Step No. 3. A value engineering team and feasibility
study specialist collect the property data and determine
the bank interest ratio.
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Step No. 4 Suggested the alternatives with a 5-year life-
cycle, as shown in Table 2.

Step No. 5. Architectural drawings and views for each
alternative (3D-models) were created using Revit 2021.

Alternative No. 1 is to convert the usage of the build-
ing into a commercial and administrative building. The
ground floor contains three large restaurants; each has
a kitchen, refrigerator, and pantry—the lady’s and men’s
bathrooms with separate entrances from the restaurants.
There are also outdoor seating and a car garage for res-
taurant goers. Each typical floor contains three adminis-
trative offices; each office has two rooms, a reception hall,
a bathroom, and a buffet, as shown in Figs. 10, 11 and 12.

Alternative No. 2 is selling land, including the building
on it, without any changes to the existing building.

Alternative No. 3 is selling land as vacant land; it means
destroying the existing building.

Step No. 6. Decision-makers were shown and approved
alternatives (3D-models).

Step No. 7. As shown in Table 3, the survey quantities
of each alternative were calculated using the Revit Pro-
gram 2021, and the elements of the survey amounts were
also priced using market values for the year 2021.

The dollar price was calculated on May 1, 2022, equiva-
lent to 18.28 Egyptian pounds.

Alternative No. 1 is to “Selling the building after con-
verting use to commercial and administrative,” which
costs $263,927, divided into $150,816 for routine work
plus $113,112 for electrical work, which is depicted in
Table 4.

Alternative No. 2 is to “Selling land, including the
building on it,” which does not need any expenditure to
convert the existing building.

Alternative No. 3 is to “Selling land as vacant land;
which needs $65,416 to demolish the existing building,
which is depicted in Table 5.

Table 1 Information about the case study

Ninth District, Extension of El Nasr St, Behind
National Investment Bank, New Maadi. Cairo,
Egypt. https://goo.gl/maps/MzLgiMMCbb
HTVdkD9

The building is in an existing urban area in the
Maadi district at latitude 29°58/35.31”N and
longitude 31°17/7.44"E. It rises above sea level

Location:

Latitude and Longitude:

460m

Total Built-Up Area: 3216.46-m?

Building Components Six floors (five typical floors and the ground
floor)

Land Area: 228537 m?

The price of land, includ- 2440 $/m?

ing the building on it:

Price of vacant land: 3254 $/m?
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The Case Study Location
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Fig. 6 The location for the case study on the global map

Cairo, Egypt, at latitude 29°58'35.31"N and longitude 31°17'7 44°E. It rises above sea level 46.0 meters
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Step No. 8. Development of a schedule for each alterna-
tive, as the start date has been fixed on January 1, 2022, as
shown in Figs. 13 and 14.

Alternative No. 1 contains ten main items and 34 sub-
items in addition to electrical works. The alternative
implementation takes 258 days and is finished on Octo-
ber 27, 2022. Alternative No. 3 contains 13 items. The
alternative implementation takes 255 days and is finished
on October 24, 2022.

Step No. 9. Conducted a feasibility study with cash flow
according to the market condition for each alternative.

Alternative No. 1 is to “Selling the building after con-
verting usage to commercial and administrative,” which
contains a commercial area—restaurants with an area of
608.57 m* and a suggested selling price of $4.00/m? and
an administrative area with an area of 2607.89 m? and a
suggested selling price of $3083/m>
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Fig. 7 The case study perspective
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Thus, the total selling price for all commercial and
administrative units of the building is $10,475,430.
Alternative No. 1 implementation construction cost is
$798,259 depending on the alternative quantity of sur-
veying, administrative expenses 1.5% of the implementa-
tion finishing cost, the implementation supervision cost
2.5% of the implementation construction cost, and selling
commission and marketing expenses 5% of the total pro-
posed price of sale as shown in Table 6.

Figure 15 shows that the alternative no. 1 implementa-
tion will take just the first year of the alternative lifecycle
(5 years). According to the sales strategy, the alternative
units (commercial and administrative) will sell throw 3
years, with 60% of the units selling in the first year, 20% in
the second year, and 20% in the third year. According to
the Central Bank of Egypt (CBE), interest rate (where the
case study existed) is equal to 12% in January 2022.

The unit selling mechanism is as follows: The unit price
will be paid to throw the first year of the alternative life-
cycle, with 10% of the unit price in 1st year, 25% of the
unit price in 2nd and 3rd years, and 20% of the unit price
in 4th and 5th years. The unit price will be paid to throw
the second year of the alternative lifecycle, with 30% of
the unit price in 2nd and 3rd years and 20% of the unit
price in 4th and 5th years. The unit price will be paid to
throw the third year of the alternative lifecycle, with 60%

of the unit price in 3rd year and 20% of the unit price in
4th and 5th years.

Alternative No. 2 is to “Selling land, including the
building on it which has 2285.37 m? and a suggested
selling price of $2440/m?.

Thus, the total selling price for vacant land is
$5,576,303. Alternative No. 4 selling commission and
marketing expenses are 5% of the total proposed price of
sale, as shown in Table 7.

Figure 16 shows the alternative No. 2 lifecycle (5 years).
According to the sales strategy, the land price, including
the building on it, will be paid with equal payments throw
3 years. According to the Central Bank of Egypt (CBE),
interest rate (where the case study existed) is equal to
12% in January 2022.

Alternative No. 3 is to “Selling land as vacant land,
which has 2285.37 m? and a suggested selling price of
$3254/m”.

Thus, the total selling price for vacant land is
$7,436,594. Alternative No. 5 implementation construc-
tion cost is $65,416 depending on the alternative quan-
tity of surveying; administrative expenses are 1.5% of
the implementation finishing cost, the implementa-
tion supervision cost 2.5% of the implementation con-
struction cost, and selling commission and marketing
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Fig. 8 The architectural drawings ground floor perspective for the case study

expenses 5% of the total proposed price of sale as shown
in Table 8.

Figure 17 shows that the alternative No. 3 implementa-
tion will take just the first year of the alternative lifecy-
cle (5 years). According to the sales strategy, the vacant
land price will be paid to throw the 2 years of the alterna-
tive lifecycle, with 50% yearly. According to the Central
Bank of Egypt (CBE), interest rate (where the case study
existed) is equal to 12% in January 2022.

Step No. 10. Calculated the net present value (NPV) of
each alternative based on the cash flow, which was made
in the previous step, according to the Central Bank of
Egypt (CBE) interest rate (where the case study existed)
equal to 12% in January 2022. Figure 18 shows an alterna-
tive NPV comparison chart throw the project’s life cycle
(5 years).

Step No. 11. The VE team evaluated the alternatives by
comparing the criteria with each other; the alternatives
are compared against each criterion identified by the
stakeholders previously.

The pairwise comparison matrix decides -criteria
weights by the relative importance of the criteria. The
criteria weights are estimated based on the importance
and utility of the criteria in the feasibility study process,
but some criteria are not measurable All the weights of
the alternatives are located according to the previous cri-
terion, which is computed in one matrix and multiply it
with another matrix that represents the weight of the cri-
teria as shown in Figs. 19, 20, and 21 using the website [9]
to facilitate the calculations.

Step No. 12. The VE team presented the VE Report to
the decision-maker, who chose the best alternative with
the highest final score.

A (3 x 3) matrix is formed, showing the weight of each
alternative in relation to each criterion. Also, a (3x 1)
matrix shows the weight of each criterion in relation to
the other.

The multiplication of both matrices produces a (3 x 1)
matrix that shows the weight (priority) of each alterna-
tive. Thus, we obtain an order of priority for each alterna-
tive (final score), as shown in Fig. 22
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Fig. 9 The architectural drawings are typical floor perspectives for the case study

The final score of multiplication is alternative No. 1,
having 42.08% priority; alternative No. 2, having 32.96%
priority; and alternative No. 3, having 24.96% priority. So,
Alternative No. 1 is the optimum solution depending on
the criteria of the decision-maker.

Step No. 13. The optimal decision was implemented.

2.6 Results

The criteria necessary to meet the decision-maker’s goals
from the project were defined based on their priorities,
which are NPV, required time, and change ability. As a
result, these criteria were ranked in order of significance,
with NPV accounting for 60% of their priorities, required
time to complete the project accounting for 30% of their
priorities, and change ability at any stage of the project
accounting for 10% of their priorities. Each criterion’s

Table 2 Alternatives for the case study of an existing building

No Suggested alternatives

1 Selling the building after converting
usage to commercial and administrative

2 Selling land, including the building on it
3 Selling land as vacant land

impact on each alternative was investigated indepen-
dently, and the results were as follows:

NPV (first criterion): The results indicated that option
No. 1 received 49.30% of the weight of the standard,
alternative No. 2 received 31.01% of the weight of the
standard, and alternative No. 3 received 19.60% of the
weight of the standard after computing the NPV from the
cash flow.

Time required (second criterion): The period for imple-
menting each alternative was established using the Navis-
works and Primavera programs after computing the
inventory amounts generated by the Revit software, one
of the BIM systems. The results were that alternative No.
1 received 20% of the standard’s weight, alternative No. 2
received 40% of the standard’s weight, and alternative No.
3 received 40% of the standard’s weight.

Change Ability (third criterion): The ability to change at
any stage of the alternative’s implementation is a percent-
age based on decision-maker opinions to abandon the
alternative’s implementation, and thus, it was calculated.
The results indicated that alternative No. 1 received 65%
of the standard’s weight, alternative No. 2 received 23% of
the standard’s weight, and alternative No. 3 received 12%
of the standard’s weight.
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Two matrices were created, one with the weight of each
criterion against the other and the other with the weight
of each criterion alternative. When the two matrices were
multiplied, alternative no. 1 received 42.08% of the pri-
ority, alternative No. 2 received 32.96%, and alternative
No. 3 received 24.96%, as shown in Table 9. As a conse-
quence, the findings revealed that alternative no. 1 is the
optimum solution in terms of decision-maker criteria.

3 Discussion

To aid decision-makers in selecting the best options for
current building utilization, an integrated framework
between VE and BIM is required, which is especially

Table 3 Quantities of survey price for alternatives

No Alternatives Priced
survey
quantity

1 Selling the building after converting usage to ~ $263,927

commercial and administrative

2 Selling land, including the building on it -

3 Selling land as vacant land $65,416

appropriate for existing buildings. To benefit from both
outputs at the same time, both value engineering (VE)
and building information modeling (BIM) technologies
must be integrated.

Previous integration techniques only integrated alter-
natives during the design phase, when the materials used
in construction were chosen to reduce project costs, but
they overlooked existing building alternatives in terms of
changing the kind of use of such structures.

This research provides an integrated framework
between VE and BIM that can be used for existing build-
ings to assist in making the best option in terms of the
kind of use for such buildings using a feasibility study that
includes NPV, cash flow, and the bank interest rate. As a
result, the greatest advantage is obtained by the needs of
decision-makers based on the defined criteria.

The research’s spatial scope has been restricted to pro-
jects that were created and implemented in Egypt so that
the effect of changing the location has been neutralized
and its negative or positive effects have been removed.

The initiatives under investigation have been confined
to those that were conceived and implemented between
1970 and 1990. This period was chosen because it fea-
tured periods of economic and political stability, as well
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Routine work

No Item Cost$ Cost/Unit Quantity
1 By flat meter: Breaking mosaic tiles and transporting waste to public landfills 3314 246 1346.07
2 By linear meter: crushing the entrance stairs Marble with the transfer of waste to public landfills 31 246 1242
3 By linear meter: crushing the Marble external stairs. including (existing and sleeping) with transporting wasteto 12 246 4.96
public landfills
4 By flat meter: crushing the entrance stairs Marble with the transfer of waste to public landfills 148 246 60.07
5 By the flat meter: crushing the clay brick walls and transporting the waste to public landfills 1484 219 67842
6 By the cubic meter: crushing the clay brick walls and transporting the waste to public landfills 246 15.32 16.035
7 By the flat meter: crushing the cement brick walls and transporting the waste to public landfills 838 2.19 383.1
8 By the cubic meter: crushing the cement brick walls and transporting the waste to public landfills - 15.32 0
9 By the flat meter: crushing the Ceramic tiles brick floor and transporting the waste to public landfills 163 1.64 99.58
10 By the flat meter: crushing the Ceramic tiles brick walls and transporting the waste to public landfills 776 1.64 472.73
11 By flat meter: Supplying and installation of 12 cm thick clay brick walls 2671 848 315
12 By cubic meter: Supplying and installation of 25 cm thick clay brick walls 9530 7221 131.98
13 By flat meter: Supplying and installation of 12 cm thick cement brick walls 2315 9.03 256.52
14 By cubic meter: Supplying and installation of 25 cm thick cement brick walls 1472 7221 20.39
15 By flat meter: Supplying and installation of tempered glass walls 768 3282 2339
16 By number: Supplying and installation of aluminum window for bathrooms, size 1.10 x 0.9 m 131 65.64 2
17 By number: Supplying and installation of aluminum window with two sliding folds for bathrooms, size 656 65.64 10
110 x 09 m
18 By number: Supplying and installation of accordion door for bathrooms, size 2.10 x 0.9 m 246 16.41 15
19 By number: Supplying and installation of administration office door, size 2.10 x 1.80 m 3692  246.16 15
20 By number: Painting and installing and disassembling an interior office door with lacquer paint, size 2.10 x 0.9 m 1280  35.56 36
21 By number: Painting and installing and disassembling an bathroom door with lacquer paint, size 2.10 x 0.9 m 924 35.56 26
22 By number: Supplying and installation of an tempered glass door with two sliding folds, size 2.10 x 1.8 m 574 19146 3
23 By flat meters: supplying and roughening the interior walls 10,056 3.83 2626.12
24 By flat meters: Supplying and making plastic paints for interior walls and ceilings 29,292 7.11 4119.12
25 By flat meters: Supplying and installation of ceramic floors (60 x 60 cm) 39,213 2462 1593
26 By flat meters: Supplying and installation of porcelain walls (40 x 40 cm) 3765 875 430.13
27 By flat meters: Supplying and installation of porcelain walls (25 x 35 cm) 6186 1231 502.645
28 By flat meter: supplying and making an insulating layer for surfaces exposed to moisture, with a thickness of 3765 875 430.13
4 mm
29 By flat meters: supplying and making a layer of concrete to protect the insulation of bathrooms 4706 1094 430.13
30 By flat meters: Supplying and installation of a white wash basin size 0.4 x 0.5 m 1015 144.96 7
31 By flat meters: Supplying and installation of a white toilet size 0.4 x 0.65 m 2929 17231 17
32 By linear meter: Supplying and instillation of 1 in. diameter PP feeding pipes 505 12.58 40.1
33 By linear meter: Supplying and installation of 3/4 in. diameter PP feeding pipes 335 9.57 35
34 By linear meter: Supplying and installation of 1 in. diameter UPVC drain pipes 368 8.75 42
35 By linear meter: Supplying and installation of 3 in. diameter UPVC drain pipes 368 17.50 21
36 By linear meter: Supplying and installation of 3 in. diameter UPVC column drain pipes 881 18.60 4735
37 By linear meter: Supplying and installation of 1.5 in. diameter UPVC drainage ventilation shafts 61 8.75 7
38 By number: Supply and installation of a 1 in. diameter stopcock 394 21.88 18
39 By number: Supply and installation of a 3/4 in. diameter stopcock 794 18.05 44
40 By lump Sum: Maintenance and scavenging of aluminum works—windows 821 820.52 1
41 By flat meters: Supply and installation of Trista marble for the entrance and corridors 6981  31.73 220.02
42 By lump Sum: Polished marble for staircases and entrances 821 820.52 1
43 By lump Sum: Facade repaint 2735 2735.08 1
44 By lump Sum: Coordination of the landscape works and the price includes all raw materials, crushing and trans- 3556 3555.60 1

porting waste to public landfills
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Routine work

No Item Cost$ Cost/Unit Quantity
Total $150,816
Electric work
No Item Cost Cost/unit Quantity
1 By lump Sum: Supplying and installation of electrical works, and the price includes 113,112 113,112 1
crushing and making of sand and transporting waste to public landfills (75% of
the cost of routine works)
Total $113,112
Quantity of survey
Routine work $150,816
Electric work $113,112
Total $263,927

as a standards-based architectural and structural design
and building procedure. Concrete construction code
standards are similarly constrained. As a result, the
research area is limited to the common factors associated
with the project’s nature.

4 Conclusion

An integrated framework for existing buildings has
been built utilizing VE and BIM to assist in making the
best alternative in terms of utilizing such structures by
employing feasibility studies that include NPV and cash
flow with the bank interest ratio.

Table 5 Quantities of survey price for alternative No. 3

The maximum advantage is achieved by evaluating
the offered alternatives according to the decision-mak-
ers needs from the provided criteria, where the process
of evaluating different alternatives for judging alterna-
tives begins with the extraction of data from the 3D-BIM
model, followed by survey quantity, cost estimation,
scheduling, NPV, and cash flow, which are all outputs of
feasibility studies, and determining the criteria, which are
an important component in the process of evaluating dif-
ferent alternatives for judging alternatives. The owner’s
relevance and utility of the criteria in the design process
and the feasibility study conducted by the VE team are

Demolition work

No Item Costs  Cost/Unit  Quantity

1 By cubic meter: crushing reinforced concrete and the price includes transporting waste to public landfills 29,798  11.87 251040

2 By cubic meter: crushing plain concrete and the price includes transporting waste to public landfills 810 1.50 540.00

3 By flat meter: Breaking mosaic tiles and transporting waste to public landfills 3050 1.30 2346.07

4 By linear meter: crushing the entrance stairs Marble with the transfer of waste to public landfills 23 1.25 18.63

5 By linear meter: crushing the Marble external stairs, including (existing and sleeping) with transporting 558 1.25 4464
waste to public landfills

6 By flat meter: crushing the entrance stairs Marble with the transfer of waste to public landfills 113 1.25 90.105

7 By the flat meter: crushing the clay brick walls and transporting the waste to public landfills 569 1.25 455.075

8 By the cubic meter: crushing the clay brick walls and transporting the waste to public landfills 605 1.50 403.2

9 By the flat meter: crushing the cement brick walls and transporting the waste to public landfills 194 1.50 129.525

10 By the cubic meter: crushing the cement brick walls and transporting the waste to public landfills 50 1.00 50

11 By the flat meter: crushing the Ceramic tiles brick floor and transporting the waste to public landfills 100 1.00 99.58

12 By the flat meter: crushing the Ceramic tiles brick walls and transporting the waste to public landfills 473 1.00 472.73

13 By lamp sum: crushing electrical works and the price includes transporting waste to public landfills 29,074 29,074 1

Total $65,416

Quantity of survey

Total

$65416
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Commercial And Administrative [ Classic Schedule Layout
Activity ID Activity Name Units| Onginal| Start Finish
Duration

193|01-Jan-22 | 27-Oct-22

~ NEWPROJ-3 Commercial And Administrative 0 0
& NEWPROJ-3.1 Cruching Work 3076 11 01Jan-22  12-Jan-22
B NEWPROJ-3.2 Bricks Work 725 5 13-Jan-22  18-Jan-22
5 NEWPROJ-3.3 Tempered Glass 27 4 16Jul-22  19-Jul-22
5, NEWPROJ-3.4 Doors and Windows 43 153 27vJan-22  24-Jul-22
By NEWPROJ-3.5 Plaster Work 2626 31 20-Jan-22  24-Feb-22
5 NEWPROJ-3.6 Paint Work 4182 105 07-May-22 05-Sep-22
T NEWPROQJ-3.7 Ceramic And Porcelain Works 2527 80 02-Feb-22 05-May-22
=, NEWPROJ-3.8 Isolation Works 862 6 19-Jan22  25-Jan-22
%4 NEWPROJ-3.9 Plumbing Work 279 159 19Jan-22  23-Jul-22
& NEWPROJ-3.10 Marble Works 221 10 26-Feb-22  08-Mar-22
Ty NEWPRQOJ-3.11 Landscape Works 1 45 06-Sep-22  27-Oct-22

Fig. 13 Alternative No. 1 schedule chart

Activity ID Activity Name Clasic Schedule Layout
NEWPROJ-5. Selling Land As Vacant Land 0 0
g NEWPROJ-5.1 Cruching Work 3487 | 255 January 1, 2022 October 24, 2022
: 03 z;irlt)olcpﬁal;rl:m c;uﬁsll;.;ng reinforced concrete and the price includes transporting 601 ”n January 29, 2022 February 21, 2022
01 :)\'p ;ltl)ll)llcc l::(;;ll'l:scmshmg plain concrete and the price includes transporting waste 540 210 | February 22,2022 October 24, 2022
o 02 |By flat meter: Breaking mosaic tiles and transporting waste to public landfills 1,346 6 January 1, 2022 January 6, 2022
[ ] 1 :l:bl]l::el:; :‘;;l:r: crushing the entrance stairs Marble with the transfer of waste to 13 1 January 1, 2022 January 1, 2022
[ ] - |By linear meter: crushing the Marble external stairs, including (existing and - g o aana
07 sleeping) with transporting waste to public landfills > 1 January 1, 2022 January 1,2022
[ ] 1 lli:bll'::r L:::ﬁ?]s crushing the entrance stairs Marble with the transfer of waste to 61 1 January 1, 2022 January 1, 2022
[ ] 06 g:b;:x: 12:;5 nlllzter: crushing the clay brick walls and transporting the waste to 182 ) January 25, 2022 January 26,2022
[ ] 09 :;:b;:l: l;zzgnlsneter: crushing the clay brick walls and transporting the waste to 20 ) January 26, 2022 January 27, 2022
[ ] 08 :i:b;:l: laﬂ:;ﬁ nl:lzler: crushing the cement brick walls and transporting the waste to 5 1 January 27, 2022 January 25, 2022
[ ] 04 2\'1) tl::)eli::\;:;cdguester: crushing the cement brick walls and transporting the waste 3 1 January 28, 2022 January 25,2022
[ 1] 05 By the flat meter: crushing the Ceramic tiles brick floor and transporting the 100 5 January 1, 2022 January 2, 2022
waste to public landfills
[ ] 10 By the flat meter: crushing the Ceramic tiles brick walls and transporting the 473 ) January 26. 2022 January 27,2022
waste to public landfills .
2 . ing —r can s e )
[ ] 13 gxpl‘.;nt:gc lsal;lzﬁu cx;ushmz electrical works and the price includes transporting waste 1 1 January 1, 2022 January 24, 2022

Fig. 14 Alternative No. 3 schedule chart
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Table 6 Data analysis of alternative No. 1
Clause Item Value Notes
Data No. of floor 6 (Ground + 5 typical) floor
Restaurants—commercial areas 608.57 m? m?
Administrative areas 2607.89 m? m?
Meter price of commercial $4000 $
Meter price of administrative $3083 $
The total price of alternatives area $10,475,430 S
Cost estimation Construction cost $263,927 $
Administration expenses $3959 1.5% Of construction cost
Supervising the implementation $6598 2.5% Of construction cost
Selling commission marketing expenses $523,772 5% Of the selling price
Total cost $798,256 S
Net present value (NPV) $629,160 From cash flow
$798,256 Cost of Construction without Land Price
Duration Life Period
Total 5" Year 4" Year 3" Year 2"! Year 1% year Duration of construction 1
100% 0% 0% 0% 0% 100% schedule Costruction 2
$798,256 0 0 0 0 798,256 Cost depend on schedule Costruction | 3
$10,475,430 Total Revenue 4
100% 0% 0% 20% 20% 60% Sales distributed over three years 5
100% 20% 20% 25% 25% 10% 1* year payment rates 6
100% 20% 20% 30% 30% 0% 2™ year payment rates 7
100% 20% 20% 60% 0% 0% 3" year payment rates 8
2,095,086 2,095,086 3,456,892 2,199,840 628,526 Revenue per year 9
$2,240,580 ( 2,095,086 2,095,086 978,027 -279,024 -2,648.595 Annual surplus/deficit 10
$7,436,594 0 0 2,478,865 2,478,865 2,478,865 Total Price of vacant land 11
Financial indicators including the price of the land
5 4 3 2 1 Period 1
2,095,086 2,095,086 978,027 (279,024) (2,648,595) Cash Flow
629,160 (559,648) | (1,891,113) | (2,587,253) | (2,364,817) NPV
12.00% Interest Ratio
Fig. 15 Alternative No. 1 cash flow

Table 7 Data analysis of alternatives No. 2

Clause Item Value Notes

Data Land area 2285 m? m?
Meter price of land, including the building on it $2440 S
The total price of land $5,576,303 $

Cost estimation Selling commission marketing expenses $2783815 5% Of the selling price
Total cost $278,815 $

Net present value (NPV) $4,215,504 From cash flow
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$278,815 Cost of Construction without Land Price
Duration Life Period
Total 5" Year | 4" Year | 3™ Year | 2" Year | 1" year Duration of construction 1
100% 0% 0% 0% 0% 100% schedule Costruction 2
$278,815 0 0 0 0 278,815 Cost depend on schedule Costruction |3
$5,576,303 Total Revenue 4
100% 0% 0% 33% 33% 33% Sales distributed over one year 5
100% 0% 0% 0% 0% 100% ]St year payment rates 6
100% 0% 0% 0% 100% 0% - year payment rates 7
100% 0% 0% 100% 0% 0% 3“I year payment rates 8
0 0 1,858,768 |1,858,768 |1,858,768 Revenue per year 9
55,297,488 [ I 1.358.768 | 1,858,768 | 1,579,952 Annual surplus/deficit 10
Financial indicators including the price of the land:
5 4 3 2 1 Period 1
0 0 1,858,768 | 1,858,768 |1,579,952 Cash Flow 2
4,215,504 4,215,504 4,215,504 |2,892,470 |1,410,672 NPV 3
12.0% Interest Ratio
Fig. 16 Alternative No. 2 cash flow
Table 8 Data analysis of alternative No. 3
Clause Item Value Notes
Data Land area 2285 m? m?
Meter price of the vacant land $3254 S
The total price of vacant land $7,436,072 $
Cost estimation Construction cost $65,416 S
Administration expenses $981 1.5% Of construction cost
Supervising the implementation $1635 2.5% Of construction cost
Selling commission marketing expenses $371,830 5% Of the selling price
Total cost $439,863 $
Net present value (NPV) $5,891,377 From cash flow

used to calculate the criteria weights. The AHP is used to
create the model as a dynamic decision-making tool.

An integrated framework was used in a case study to
demonstrate its capacity to select an appropriate alterna-
tive and to highlight the framework’s characteristics. The
findings revealed that this integrated framework, which
includes feasibility studies and comparison tables, may be
implemented in the future while taking into account time
and location constraints.

The author advises that more research is being done to
increase the criteria by the construction time and place
factors and add more dimensions to BIM.

5 Limitations

The study’s limited sample size could have an impact
on the findings. So, further research on a larger sam-
ple of the exited building is required to corroborate the
findings.
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$439,863 Cost of Construction without Land Price
Duration Life Period
Total 5" Year | 4" Year | 3™ Year | 2" Year | 1"year Duration of construction 1
100% 0% 0% 0% 0% 100% schedule Costruction 2
$439,863 0 0 0 0 439,863 Cost depend on schedule Costruction |3
$7,436,594 Total Revenue 4
100% 0% 0% 0% 50% 50% Sales distributed over one year 5
100% 0% 0% 0% 0% 100% 1* year payment rates 6
100% 0% 0% 0% 100% 0% 2™ year payment rates 7
100% 0% 0% 100% 0% 0% 3rd year payment rates 8
0 0 0 3,718,297 | 3,718,297 Revenue per year 9
$6,996,731 3,718,297 | 3,278,434 Annual surplus/deficit 10
Financial indicators including the price of the land:
5 4 3 2 1 Period 1
0 0 0 3,718,297 | 3,278,434 Cash Flow
5,891,377 |5,891,377 5,891,377 |5,891,377 |2,927,173 NPV 3
12.0% Interest Ratio
Fig. 17 Alternative No. 3 cash flow
$7,000,000
$6,000,000 P NN °
$5,000,000
$4,000,000 _—* * o
2 S
. $3,000,000 v i
-9
z /
$2,000,000 V/ =
$1,000,000
°
$0 I’
o
-$1,000,000
-$2,000,000 J—
-—_—
-$3,000,000
-$4,000,000
1st year 2nd Year 3rd Year 4th Year 5th Year
oSelling the building after converting usage to
commercial and administrative 92,368,517 -$2,587,255 -$1,891,116 -$559,652 628,155
@Selling land, including the building on it $1,410,672 $2,892,470 $4,215,504 $4,215,504 $4,215,504
oSelling land as vacant land $2,927,173 $5,891,377 $5,891,377 $5,891,377 $5,891,377
Period (Year)
Fig. 18 Alternatives net present value (NPV) comparison chart throws life cycle
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Priorities

These are the resulting weights for the
criteria based on your pairwise
comparisons:

Cat Priority Rank (+) )
1 Alternative 1 49.3% 11.3% 11.3%
2 Alternative2 31.1% 2  7.1% 7.1%

3 Alternative3 19.6% 3 45% 4.5%

Number of comparisons = 3
Consistency Ratio CR = 5.6%

Fig. 19 AHP priorities of alternatives by NPV criteria

Decision Matrix

The resulting weights are based on the principal
eigenvector of the decision matrix:
128 182 S8 I 3
1 1 200 200
2 050 1 200

3 050 050 1

Principal eigen value = 3.054
Eigenvector solution: 4 iterations, delta = 2.1E-8

Priorities
These are the resulting weights for the
criteria based on your pairwise
comparisons:

Decision Matrix
The resulting weights are based on the principal
eigenvector of the decision matrix:

1203
Cat Priority Rank (+) - 1 1 2,00 2.00
1 Alternative1 20% |3 1 71% 7.1% 2 050 IEW 200
2 Alternative2 40% 2 11.3% 11.3% 3 050 050 1
3 Alternative3 40% 1 11.3% 11.3%
Number of comparisons = 3 Principal eigen value = 3.054
Consistency Ratio CR = 5.6% Eigenvector solution: 4 iterations, delta = 2.1E-8
Fig. 20 AHP priorities of alternatives by required time criteria
Priorities Decision Matrix
These are the resulting weights for the The resulting weights are based on the principal
criteria based on your pairwise eigenvector of the decision matrix:
comparisons: 10 2 3
Cat Priority Rank +) O] 1 1 500 5.00

1 Alternative 1 65% | 1 | 163% 16.3%

2 Alternative2 23% 2 41% 41%

3 Alternative3 12% 3 26% 26%

Number of comparisons = 3
Consistency Ratio CR = 5.6%

Fig. 21 AHP priorities of alternatives by change ability criteria

2 020 1 200

3 020 050 1

Principal eigen value = 3.054
Eigenvector solution: 4 iterations, delta = 1.0E-8
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a a Required | Change i 5o 2 & -
No. Alternative NPV Time Ability Criteria | Priority No. Alternative Priority
Selling the building after Selling the building after
1 |converting usage to commercial | 493% | 20.0% 65.0% NPV 0% 1 |converting usage to commercial | 42.08%
and administrative X —— and administrative
Selling land, including the & Required Selling land, including the -
2 beilding on i JL1% | 40.0% 23.0% Time 30% 2 building on it 32.96%
3 Selling land as vacant land 196% | 40.0% 12.0% (:;::; 10% 3 Selling land as vacant land 24.96%
Result
0.493 0.2 0.65 0.6 0.493 x 0.6 + 0.2 x 0.3 + 0.65 x 0.1 0.4208
0311 04 023 *x103]=10311x06+04x03+0.23x0.1] =10.3296
0.196 0.4 0.12 0.1 0.196 x 0.6 + 04 x 0.3 +0.12 x 0.1 0.2496
Fig. 22 All the weights of the alternatives (final scores)
Table 9 Prioritization of alternatives
No Alternative NPV (%) Required time (%) Change ability (%) Final score (%)
1 Selling the building after converting usage to 49.00 20.00 65.00 44.15
commercial and administrative
2 Selling land, including the building on it 31.00 40.00 23.00 32.00
3 Selling land as vacant land 20.00 49.00 12.00 238
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BIM: Building information modeling; VE: Value engineering; NPV: The net pre-
sent value; AHP: Analytic hierarchy process; L.E: The Egyptian pound currency;
MCDA: Multi-criteria decision-making analysis; CBE: The Central Bank of Egypt;
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