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Applying Process Simulation Technique to Value
Engineering Model: A Case Study of Hospital

Building Project
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Abstract—Applying value engineering (VE) in a construction
project has proven to be an effective way to save the cost of a
project. Different VE models have been developed and used in
construction projects in the past. One common attribute of con-
struction projects is the dependence of a highly qualitative decision
making process: capturing, interpreting, and quantifying expert’s
subjective judgment. This study proposes an advanced five-phase
VE model, each phase of which consists of a series of steps to better
quantify subjective opinions of VE team members. Construction
simulation technique, the Cyclic Operation Network, is used as a
means to minimize subjectivity in estimating the value of differ-
ent alternatives in terms of time and cost savings. A case study
shows that the advanced five-phase VE model improves analysis,
assessment, and decision on VE. This new approach has a great po-
tential to minimize subjectivity during VE process and improves
VE decision-making process by using quantitatively derived data
from the simulation analysis.

Index Terms—Case study, construction, decision making,
project management, simulation, value engineering.

I. INTRODUCTION

VALUE engineering (VE) is an organized approach to ob-
tain the optimum value of unit cost, while assuring the

quality, safety, reliability, and maintainability of a construction
project [5], [10], [13]. VE can be utilized at any of the three main
stages of a construction project: planning and design stage; con-
struction; and maintenance and operations stage. The greatest
potential for the application of VE exists during the planning
and design stage because its usage in the later stage will greatly
increase the level of effort/investment to implement any mean-
ingful changes [25] that will result in large cost savings.

However, the solutions generated through the VE application
model are often biased or poor. The following two sources are
the main causes of these poor recommendations. One source
is the lack of robust steps to quantitatively measure, evaluate,
and aggregate the expert’s opinion for VE application. A simple
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numeric rating system or averaging values may not accurately
capture the alternatives that are under consideration. Recently,
Sanchez et al. [15] attempted to overcome this shortcoming by
using the fuzzy set theory. In their work, an expert’s qualita-
tive opinions were synthesized quantitatively by converting the
opinions into a range of numerical values. The aggregation func-
tion using weighted sum was used to generate the final score
for each alternative. The other source is attributed to subjective
estimation and assessment of key parameters from experts such
as productivity, cost, and schedule. Every construction project
is unique and nonrepeatable. As a result, it is extremely difficult
to obtain historical data to accurately estimate those factors.

This study proposes an advanced five-phase VE model that
contains numerical algorithms for each stage. A construction
simulation technique, namely, the CYCLic Operation NEtwork
(CYCLONE), is used as a tool to minimize the subjectivity
of evaluating different alternatives in the development phase.
Among many different simulation programs such as PETRY
net, Semantic, Neyron network for simulation, the construction
industry has been using CYCLONE [7], STROBOSCOPE [11],
EZStrobe [12], and recently a 3-D construction simulation
program called VITASCOPE [8] to properly and efficiently
represent unique construction activities. Among the currently
available construction simulation programs, CYCLONE is a
well-established and widely used system to effectively model
complex construction operations. CYCLONE has also provided
theoretical foundations for other construction simulation
programs.

II. VE IN CONSTRUCTION INDUSTRY

Although VE has its origin in the manufacturing industry,
its methodology has been well developed and discussed in the
construction industry [4], [14], [20]–[24], [26]. Different ex-
perts have defined different procedures for application of VE to
construction projects, but typically, they fall into five phases:

1) the information phase;
2) the speculative/creative phase;
3) the evaluation/analytical phase;
4) the development/recommendation phase;
5) the report and implementation phase.
The information phase focuses on collecting as much in-

formation as needed and conducting a function analysis. The
speculative/creative phase identifies every possible proposal that
potentially can improve the value of the function. In the eval-
uation/analytical phase, the proposals are screened to develop
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TABLE I
VALUE ENGINEERING APPLICATION PROCEDURES

a short list of potential alternatives. The proposals in the short
list are further developed in the development/recommendation
phase and are evaluated to select the best alternative. In the last
phase, the best alternative is presented to the owner for final
acceptance before it is implemented to the project.

Table I summarizes the VE procedures developed in prior
studies. These studies are mainly based on the generic five-
phase VE procedure, but in some cases, they slightly modified
and expanded the generic VE procedure to emphasize the im-
portance of phases added in a particular study. Snodgrass and
Kasi [17] separated the functional analysis from the informa-
tion phase. Acharya et al. [1] added team selection as the first
of their seven-phase procedure, while Lane Davis [9] puts goal
definition as the first of their eight-phase VE procedure.

Whatever procedure is employed to implement VE for a con-
struction project, alternatives that are expected to maximize the
whole-life value are selected based on the best judgment of the
study team. Wixson and Heydt [18] explored the importance
of people for the success of VE implementation and discussed
leadership skills, verbal and nonverbal communication, team
member recognition and participation, and the role of each part
in the job. Shen and Liu [16] emphasized a workshop as a mech-
anism to accommodate the process of decision making and the
critical success factors (CSFs) in value management studies
of a construction project. The authors found that the success
of value management activities was strongly influenced by the
requirements of the value management team, the support and
active participation of clients, the competence of facilitator, and
support from internal departments regarding the information
access.

The qualitative assessment process using weighted evalua-
tion is the most common way to evaluate VE alternatives [2],
[5], [19]. These studies also stated that a matrix analysis is the
simplest way to compare one alternative against another. The
matrix approach enables its user to put all competing alterna-
tives and their scores for each evaluation criterion in a structured
manner. It provides all information on one page for easier evalu-
ation. Assaf et al. [3] developed a computer program in creating
a more user-friendly method to conduct a VE job plan based
on qualitative decision making. This program is backed up with
three main databases: a project information database, a database
for proposal detail information, and a database for the weighted
evaluation of proposals. The user must provide all the input data

TABLE II
BASIC MODELING ELEMENTS OF CYCLONE [7]

for each input screen, and the result of each phase is used as the
base for the next phase evaluation.

III. PROCESS SIMULATION MODEL: CYCLONE

CYCLONE is a modeling technique that allows the graphical
representation and simulation of discrete systems that deal with
deterministic or stochastic variables [7]. CYCLONE modeling
consists of a set of nodes representing work tasks and delay
positions with connecting arrows as the directional flow. Each
work task has user-defined resources and time information. The
program will simulate the construction process and generate
quantitative outputs such as the cycle time and production rate.
Interaction between resources can be analyzed since informa-
tion about productivity and delay at each work task is available.
Thus, the sources of a low productivity problem can be traced.
This simulation program also has a sensitivity analysis feature
that allows its users to evaluate different models and changing re-
sources with different job conditions. In this study, CYCLONE
is used for modeling the case study process. Its basic modeling
elements are shown in Table II. The simulation for the analysis
of process design is executed by using MicroCYCLONE.1

IV. SIMULATION APPLIED TO VE MODEL

The VE process is prepared after the scope of the project
is properly defined. VE is concerned more with the time and
cost of a project since the quality aspect is not negotiable. The
focus on the quantitative aspects, such as cost and time, means
that current qualitative decision making in a traditional VE job
plan needs to be improved. A five-phase VE process using a
simulation program is proposed to overcome this problem, and
its job plan is described as follows.

1A microcomputer-based simulation program designed specially for model-
ing and analyzing site-level processes that are cyclic in nature. CYCLONE is a
modeling technique, while MicroCYCLONE is a computer simulation program
for CYCLONE.
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Fig. 1. Time and cost estimation procedure.

Phase 1 (information phase) starts with data collection re-
garding the scope of the project, the budget, and the pre-
ferred completion date. Most of the information is available
from the owner. Based on this information provided, func-
tion2 analysis is performed to find the importance levels of
functions associated with the VE objects. In phase 2 (specula-
tion/creative phase), the VE team generates any ideas that po-
tentially could improve the values of the VE objects.3 In phase
3 (evaluation/analytical), the proposals are ranked by the VE
team using weighted evaluation and personal (expert) judgment.
The weighted evaluation is performed to grade every proposal
by considering the quantifiable aspects (cost and completion
time) while using expert judgment to evaluate the nonquan-
tifiable aspects, such as quality, safety, constructability, aes-
thetics, user comfort and performance, environmental impact,
historic preservation, etc. As the process continues, the alter-
natives are screened for further assessment. When the process
reaches phase 4 (development/recommendation), more informa-
tion, such as the sequence of work tasks for each alternative and
their estimated duration and the involved resources, is required
for CYCLONE simulation modeling and analysis. Fig. 1 shows

2The intended role of a component of the facility, which is under design and
construction phase.

3Components or specific operations of a construction project that are consid-
ered for the application of VE to reduce its construction cost and time by VE
team.

Fig. 2. Original design for awning and external wall. Notes: 1) Internal form
erection: Forms for the inner part of wall are erected. Window boxes are em-
bedded in this step to shape the window opening. 2) Installing reinforcing bars
for the wall construction: After internal forms are erected, rebar work for wall
starts. 3) External form erection: Forms for the outer part of wall are erected.
The window side should be cut for forming awnings at the next step. 4) In-
stalling reinforcing bars for awnings: Reinforcing bars for awnings are set and
anchored. 5) Awning form setting: After completion of this stage, wall is ready
for concrete pouring. 6) Pouring and curing concrete: Concrete is poured into
wall and awnings simultaneously and cured until it reaches the required strength.
7) Removing forms: Forms are removed and cleaned for the use of the next cycle
once concrete reaches the required strength.

the complete procedure using the simulation technique in the
development/recommendation phase.

In the case of the VE alternative related to the improvement
of engineering processes and construction methods, accurate or
realistic productivity information with regard to work tasks in
each proposal is crucial because eventually this information is a
decision factor in estimating the cost and time of the proposed al-
ternative. The utilization of CYCLONE simulation in this phase
is an efficient approach because fewer proposals remain in this
stage after screening in the previous stage. By comparing the re-
sults of different alternatives from CYCLONE analysis in terms
of cost and time, the VE team, therefore, has quantitative and
realistic information about how the proposed alternatives will
affect the project. The last phase of the proposed VE model is to
summarize the findings and present the VE team’s recommen-
dations to the owner and its representatives. The owner’s input
determines which proposals will be implemented in the project.
The VE process is then documented in the final VE report.

V. CASE STUDY: HOSPITAL BUILDING PROJECT

A construction project in South Korea is used to demonstrate
the entire process, the level of information required, and ben-
efits and strengths of the proposed VE model. This case study
shows that the proposed advanced five-phase VE model can be
successfully applied to a real construction project and can assist
project stakeholders in making better VE decisions by using
quantitative simulation analysis. The project is a hospital build-
ing construction project located in Kyungki-Do, South Korea.
It has a capacity of 1000 beds, with 46 000 m2 floor area. The
project cost is approximately $60 million. The facility is mainly
a reinforced concrete (RC) structure.

This case study focuses on the specific construction activity
for the awning of external windows among the many activities
in this project. In the original design, the external concrete wall
and the awnings were planned to be built by using conventional
wooden forms and concrete would be poured simultaneously
into these two parts (see Fig. 2). Then, the exterior insulation
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TABLE III
FUNCTION ANALYSIS

and finish system (EIFS) was planned to be installed on the
external concrete wall as a final finishing work. EIFS consists
of insulation boards made of polystyrene or polyisocyanurate
foam, which provide superior energy efficiency compared to
other cladding products [6]. The following sections describe the
phase-by-phase application of the simulation-based VE process
with numerical examples.

A. Information Phase

The information phase starts with the selection of the VE
team members. Seven members were selected for this VE study.
The team began by identifying work tasks4 involved in building
the awning and analyzing the main function and cost of each
work task. Function and cost must be clearly defined because
the main purpose of VE is to achieve at least the same level of
function and quality using the most cost-effective method. In
order to keep this process easy, however, the function of each
task must be defined as simply as possible, such as using two
verb-noun words.

1) Function Analysis: The activities for building an external
awning can be broken down into five work tasks, based on
the occurrence order of the tasks, as follows: preparing steel
reinforcements, erecting forms, placing concrete, applying the
cement finish, and applying the EIFS finish (see Table III).
The estimated cost for each work task was taken directly from
the estimation data of the project. Relating to the identified
functions, it is possible for work tasks to have the same function,
e.g., the functions of “Formwork” and “Concrete pouring” are
to “Fabricate shapes.”

Based on the function analysis performed, the team evaluated
each function to obtain the level of importance among the func-
tions. In this process, the VE team assessed a relative importance
among the four identified functions with total points being 100.
The point sum assigned to different functions by each member
should be 100, i.e.

n∑
RIi = 100 (1)

4Independent construction activities that are no longer dividable into subwork
activities.

TABLE IV
FUNCTION EVALUATION

where, RIi = relative importance of function i and n = number
of identified functions.

The importance index (I) for a function, which is the mean
value of each team member’s assessment on each function, rep-
resents the importance of the particular function on a scale of
0–100 (percentage). The importance index is calculated by

Ii =
m∑

j=1

RIji
m

(2)

where, Ii = importance index of function i, RIji = relative im-
portance of function i by VE member j, and m = total number
of VE team members.

The result is shown in Table IV and indicates that “fabricate
shapes” was the most important function of the awning with
40.71% importance. The second most important function was
“strengthen tension” with 27.86%. “Decorate the external wall”
and “acquire a good surface” followed with 23.57% and 7.86%,
respectively.

2) Value Analysis: A value analysis is the next step in order
to determine which function should be given higher priority in
identifying and generating alternatives. Work tasks and their as-
sociated estimated cost information (Table III) were reclassified
by their functions. The cost of each function, based on its impor-
tance (CIi), is the fraction of the currently estimated total cost
proportional to the importance index derived from Table IV,
while the function value (FVi) is the minimum value between
the current estimated cost of each function and the cost of each
function based on its importance. CIi and FVi are calculated
by (3) and (4), respectively.

CIi = Ii ∗
∑

Ci (3)

FVi = Min {Ci,CIi} (4)

where, CIi = cost of function i based on its importance,
Ci = estimated cost of function i, FVi = function value of
function i.

The function–cost ratio (FCR) indicates the level of effec-
tiveness of the actual cost to achieve the particular function. A
value of 1 indicates the most effective use of funds. If the ratio
is lower than 1, the cost for the function is higher than the worth
or value of the function. Thus, a small FCR value implies a
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TABLE V
RESULTS OF VALUE ANALYSIS

greater potential for improvement in terms of VE. The FCR of
a function is calculated by

FCRi =
FVi

Ci
(5)

where, FCRi = FCR of function i.
The priority of functions is determined by ranking the dif-

ferences between the estimated cost (C) and the function value
(FV) of each function. The cost difference (DC) of function i is
calculated by (6).

DCi = Ci − FVi (6)

where, DCi = cost difference of function i.
The DC indicates the amount of money wasted to obtain the

specific function. Thus, the function with the greatest difference
should be given the highest priority when identifying and gen-
erating alternatives. Table V shows the output of this process.
It indicates that “fabricate shape” was the top priority function
when creating alternatives to the original design.

B. Speculative/Creative Phase

In this stage, the VE team generated alternative construction
methods for the awning based on the results of the previous
phase. Since “fabricate shape” was the top priority followed
by “acquire a good surface,” alternatives were theorized to sat-
isfy these two functions in a cost-effective way compared to
the original design. Based on their experience and conducting
brainstorming sessions, three alternatives for constructing the
awning were identified for further evaluation, as follows.

Alternative 1: Fabricate using precast concrete.
Alternative 2: Fabricate using EIFS.
Alternative 3: Fabricate using concrete (separate from external

wall concreting).

C. Evaluation/Analytical Phase

The VE team judged and ranked the alternatives generated
from the previous stage. The objective of this phase is to re-
move alternatives that are impractical or noteworthy of addi-
tional study. Alternatives with great potential for cost and time
savings would be selected for detailed analysis in the next stage.
Once the final assessment in the next phase proved to be unsat-
isfactory by the VE team, the remaining group of alternatives
would be revisited and repeated for the detailed analysis process
until the best alternative was chosen.

TABLE VI
EVALUATION OF ALTERNATIVES

Three criteria were used to screen the alternatives: quality,
constructability, and cost. The VE team performed a group as-
sessment for each alternative using three indicators, namely
good, moderate, and poor. The main reason of using only these
three indicators was to treat alternatives equally (apply the same
weight) and to pass them to the next stage for final detailed
quantitative analysis if they did not possess clearly distinctive
advantages over the others. Table VI shows the results of this
assessment. In terms of quality, all three alternatives were as-
sessed to be acceptable. However, EIFS (alternative 2) was
determined to be the least expensive, while precast concrete
method (alternative 1) and concrete method (alternative 3) were
determined to be moderately expensive based on the real cost
data provided by the specialty contractors for the alternatives.
In the criterion of constructability, precast concrete and con-
crete were determined to be significantly inefficient compared
to EIFS mainly because of the difficulty in handling concrete
on site. In this case study, only EIFS was chosen for next-stage
analysis.

D. Development/Recommendation Phase

During this phase, a quantitative assessment using the simu-
lation approach was performed to compare the selected alterna-
tives with the original design in terms of time and cost. Figs. 3
and 4 describe the sequence and details of the proposed design
for awnings and external wall construction.

In the proposed design, the external concrete wall is con-
structed using ganged forms and, thereafter, the awnings made
of EIFS would be installed. Ganged forms can be defined as
prefabricated panels joined to make a much larger unit (up to
9 × 15 m) for convenience in erecting, stripping, and reusing;
usually braced with wales, strongbacks, or special lifting hard-
ware. The proposed design eliminated the need for special form-
work for the awning portion, which was required in the original
design. This modification allowed the utilization of the ganged
form system for constructing the external wall. It also made the
work task for installing EIFS awning completely independent
from the main external wall construction operations because the
separate EIFS element could be installed any time later at the
subcontractor’s convenience. In addition, the EIFS awning can
provide a better external finish since it is a prefabricated factory
product.

The procedure of conducting a simulation analysis starts with
identification of the flow units relevant to the process to be
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Fig. 3. Proposed design. Notes: 1) Internal form erection: Forms for the inner
part of wall are erected. Window boxes are embedded in this step to shape the
window opening. 2) Installing reinforcing bars for the wall construction: After
internal forms are erected, rebar work for wall starts. 3) External form erection:
Ganged forms for the outer part of wall are erected. Productivity will increase
significantly because the window side does not need to be cut. The ganged form
system also has higher productivity than the conventional wooden formwork
system. 4) Pouring and curing concrete: Concrete is poured into wall and cured
until it reaches the required strength. 5) Removing forms: Forms are removed
and cleaned for the use of the next cycle once concrete reaches the required
strength. 6) Awning setting: Awnings are formed by using EIFS. Since this
activity is not included in the critical path of the project, the total duration of
one cycle can be reduced significantly. Also, the productivity of setting EIFS is
much higher than that of setting form and pouring concrete for awnings.

Fig. 4. Prefabricated EIFS awning in detail.

modeled. Typically, the flow units are physical items such as
crews, pieces of equipment, and materials. The next step is to
identify every possible state of the flow unit and develop the
cycles and repetitive paths transited by the flow unit. The flow
unit cycle shows the active (working state) and passive (idle
state) of the flow unit. Each flow unit has time information,
and the estimated time for each task of the flow unit is used.
However, by using appropriate probabilistic durations for each
task and simulating the entire procedure multiple times, the final
output can be more reliable and realistic.

1) Simulation Modeling for the Proposed Design: The re-
vised plan for constructing the awning significantly affects the
external wall construction activities since the awning is no
longer a part of the RC external wall construction. Thus, in
order to measure the impact of the revised plan on the project

cost and time, the whole process of the RC wall construction
in the repetitive section of each floor must be included in this
simulation analysis.

The number of simulation cycles of the RC external wall con-
struction operation is determined by the number of repetitions
of the operation, with the defined set of crews and resources
related to this operation. In this project, the contractor divided
each floor into two sections for the construction planning pur-
pose as described in Fig. 5. The simulation modeling is based
on this basic floor plan. It is assumed that all the sections have
exactly the same floor plan. This hospital building has seven
floors. Therefore, there are 14 sections representing 14 cycles
in the simulation analysis.

The sequence of RC construction for each section is described
in Table VII. After RC construction is finished, EIFS for external
finish would be applied to the external wall at any time, without
affecting the total duration of the project. Since installing EIFS
on the external wall is not on the critical path of the project,
this work task can be eliminated from the sequence of construc-
tion for the unit section. Based on the sequence described in
Table VII, the CYCLONE models for the original design and
proposed design are created as shown in Figs. 6 and 7. The du-
ration for each work task described in Table VII was determined
in a range using the subcontractor’s experienced estimation. By
analyzing the collected data from the subcontractor, a set of dis-
tributions, such as deterministic and triangular, is used to model
the duration of each work task. Eight working hours per day
and 25 working days per month were assumed for the mod-
eling purpose. Note that concrete pouring time for a section
is always estimated as one full day even though it may take
over 8 hours but less than 24 hours. It is because the concrete
pouring job should be completed continuously without interrup-
tion. So, its distribution is considered deterministic. The main
differences between the original and proposed design are as
follows.

1) Construction for awnings is eliminated from the proposed
design.

2) The duration of work tasks related to formwork for the
external wall is significantly reduced because of the higher
productivity of the ganged form system.

2) Analysis of Simulation Results: Table VIII shows the out-
put of the simulation analysis for the original and proposed de-
sign. It indicates that the average cycle time of the proposed
design is 152 working hours (19 working days), while the origi-
nal design required 185 hours (23 working days) for each cycle.
The required time to finish each section has decreased by 17.8%
compared with the original design.

The reduction of cycle time is four working days per cycle
or 56 working days for 14 cycles. In order to calculate the time
savings in calendar days, the nonworking days should be con-
sidered. In this project, the average nonworking days per month
were estimated to be five days because the workers involved in
this project are usually off every alternate Sunday (thus, two
days per month) and three rainy days are usually expected. So,
the reduction of the project duration of the revised plan in terms
of calendar days is 65 days [56 days × (1 + 5/30)]. This time
saving has a potential to directly reduce the total duration of
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Fig. 5. Basic floor plan of the project.

TABLE VII
SEQUENCE OF CONSTRUCTION AND DURATION OF EACH WORK FOR THE UNIT SECTION

the project by the same amount because the RC external wall
construction process was on the critical path of this project
schedule.

The direct costs are analyzed for the external wall and the
awning. The cost savings in labor cost of the wall and awning

portions are about 69% and 99%, respectively, which are mainly
due to productivity improvements from using ganged forms for
the external wall and EIFS for the awning. Collectively, the
proposed plan resulted in 40% savings on the total direct cost
(see Table IX). Note that the actual cost saving of the awning
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Fig. 6. CYCLONE model of the original design.

Fig. 7. CYCLONE model of the proposed design.
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TABLE VIII
CYCLE TIME COMPARISON BETWEEN ORIGINAL AND PROPOSED DESIGN

TABLE IX
COST COMPARISON BETWEEN ORIGINAL AND PROPOSED DESIGN

part was much higher than that listed in Table IX, which was
because the contractor promised the EIFS subcontractor that a
portion of the cost savings for the RC subcontractor would be
awarded to the EIFS contract amount as an incentive. Sharing
the benefits of the total savings was an incentive to encourage
the quality construction of the EIFS awning.

The reduction of the project duration also directly impacts
the indirect costs such as the management staff’s salary, site-
office maintenance, insurance, site utilities, etc. In the case study
project, a total of 20 field and office engineers were employed
and a relatively large temporary site office was used. The av-
erage monthly indirect costs of this project were estimated at
approximately $95 600 per month. Thus, the indirect cost sav-
ings were estimated to be $207 133 ($95 600 per month × 65
days).

The costs of implementing this advanced five-phase VE
model at each stage were estimated in Table X to determine

TABLE X
ESTIMATED COSTS FOR IMPLEMENTING THE PROPOSED VE MODEL

the actual total cost savings achieved in this case study. Any VE
process in construction projects is usually initiated and executed
during periodic meetings where the project manager and team
members discuss cost, schedule, and progress of the construc-
tion project. Therefore, it is very difficult to accurately measure
and quantify the actual resources used for specific VE applica-
tions. It is important to note that the values in Table X are, at
best, order-of-magnitude estimates that are used to determine
the total cost savings from applying the new VE model to this
specific case study.

The total savings by implementing VE are determined from
Tables IX and X. Direct and indirect cost savings using the alter-
native method identified from the VE procedure were $346 673,
and the cost required to implement the new VE model was esti-
mated to range between $15 800 and $29 100. Thus, the actual
total cost saving was about $317 573–$330 873. From this case
study, the implementation cost of this new VE model accounted
for 5%–8% of the expected direct and indirect cost savings. The
return on investment of applying the VE model is estimated to
range from 1200% to 2200%.

E. Report and Implementation Phase

The findings using this VE model were presented to the owner.
The owner subsequently accepted the recommendation to con-
struct the awning entirely made of EIFS, and the project was
successfully implemented.

VI. DISCUSSIONS

One of the most successful stories of VE application is the
experience of City of New York Office of Management and
Budget, which has achieved $100 in savings for each $1 invested
in VE [5]. The amount of fund expected to be allocated for VE
study varies depending on the type and size of the project.
The results of over 500 studies on the application of VE in
various sectors showed a saving range between 5% and 35% for
initial costs and between 5% and 20% for annual operation and
maintenance costs [5].

The case study indicates that the proposed VE model using a
simulation approach can be successfully applied to a real con-
struction project. Through a series of tools to quantify data in
assessing alternatives, the proposed model greatly assists the
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decision making process by the owner, designer, and the con-
tractors. However, the proposed model was applied only to a
specific construction project. The application and validation of
this model must continue with different sizes, types, and lo-
cations of projects to see whether the same benefits can be
achieved in different project settings. For instance, one of the
main limitations of this model is the early involvement of poten-
tial subcontractors because the model is data driven in assessing
alternatives that focus more on quantitative data rather than qual-
itative data. It would be difficult and sometimes time-consuming
to find qualified subcontractors that can provide those required
data at an early stage. Another technical difficulty in applying
the proposed model lies in the stage of using the simulation tool.
The VE team must have in the team or in the home office an
expert who is familiar with construction simulation programs.
This may pose a challenge for the VE team as construction
simulation programs have only been introduced actively to the
industry since the 1990s, and, as a result, many contractors do
not have project engineers who can handle and operate those
programs. In addition, as the project size increases, it may
require significant amount of time to develop full simulation
models for each alternative under consideration, which may
negatively affect the efficiency of the proposed model unless
the simulation modeler has a very good understanding of tech-
nical and operational details of the entire project scope and
activities.

VII. CONCLUSION

VE has been actively used in different industries, including
the construction industry, as a means to improve the value of
the final product. Various procedures have been developed and
introduced to construction industry to produce a better outcome
of the VE process. The success of VE applications depends on
the quality of the information and the utilized decision making
process. Accurate estimation regarding productivity is an im-
portant factor on VE proposals related to construction methods.
In the case of a complicated construction process and the ran-
domness of work task durations, an intuitive estimation (expert
judgment) on productivity could lead to inaccurate estimate of
cost and time savings.

This study introduced an advanced VE model using a five-
phase quantitative approach. Each stage involves a structured
framework for quantitative assessment in dealing with the sub-
jective opinions of experts. Capturing the monetary value of
each function and comparing it with the estimated actual cost
can greatly assist the VE team in identifying effective alterna-
tives to the original plan. In addition, a construction simulation
technique (CYCLONE) is used as a tool to minimize subjectiv-
ity in estimating the value of different alternatives in terms of
time and cost in the development phase. The proposed model
has been successfully applied and evaluated using an actual
hospital building construction project. This new approach has a
great potential to minimize subjectivity during VE process and
improves confidence in VE decision-making process by using
quantitative data from the simulation analysis. Future research
will attempt to apply the proposed VE model on different types,

sizes, and locations of construction projects to test its efficiency
and applicability.
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