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Z Department of Civil In Iran, recently in large-scale projects, the science of value engineering has become
Engineering, Chalous Branch, very important and in order to show the significant impact of value engineering results
'CSL?;F;E:\‘Z;‘:]U”‘VG’SW in increasing efficiency and reducing the cost of projects, the reason for choosing this
Full list of author information research. The experience of value engineering in the developed countries shows the

is available at the end of the significant effect of this method in the value optimization of plans and projects. This
article research, too, aims to evaluate the effects of value engineering on the performance of

interchanges in Iran, so that with comparing their results, the most important quali-
tative parameters can be determined, and also to present a suitable model for cost
reduction per each IRR of the value engineering study’s expenses. The first part of this
research will give a short introduction on value engineering and its job plan, and then,
8 value engineering studies of interchanges in the cities of Tehran, Karaj, Shiraz, and
Mashhad will be qualitatively and quantitatively analyzed, and their results as a qualita-
tive and quantitative evaluation (including construction cost, total value index, and
relative value index) will be compared with the base plan of the projects and also with
each other. Finally, the outcome of the research will show that among the evaluation
parameters, the acquisition parameter plays a significant role in choosing the best
design in value engineering, some part of which depends on the employer’s view in
this regard. In the next step, the best improvements were in reducing travel time and in
increasing safety, and also the most neglected parameter in the value engineering ana-
lyzed here is environmental improvements, which demands especial attention. From
this research, it can be concluded that per every one IRR of expenditure on performing
value engineering studies, the total cost of interchange projects in Iran is reduced by
334 IRR.

Keywords: Value engineering, Interchanges, Case study, Cost reduction, Improving
qualitative parameters

Introduction

Value engineering is a systematic attempt which aims to study and analyze all of the
operations of a project from its conception up to the design stage and then initiation
and utilization and is considered as one of the most effective and important economical
methods in the engineering field [24]. In the framework of project management, value

. ©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
@ Sprlnger Open use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
— author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http//creativecommons.org/publi
cdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-8551-9519
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s44147-022-00100-9&domain=pdf

Nigjeh and Amani Journal of Engineering and Applied Science (2022) 69:48 Page 2 of 15

engineering is paying attention to all of the components of the design and at the same
time not taking for granted any part of the project [1]. The goal in VE is reducing the
time needed to reach initiation stage without increasing the cost or lessening the quality
of the work [9]. Project management is planning and directing the project in a frame-
work of specific time, cost, and quality constraints toward its specific results [6]. Stand-
ing (2001) considers VE as a project with minimum cost which includes due assessment
and elimination of unnecessary costs without having detrimental effects on safety, qual-
ity, reliability, implementation method, and delivery [32]. In this paper, 8 VE case stud-
ies on Iranian interchanges are used, enabling this research to identify and analyze the
benefits of the successful application of value engineering in enhancing the quality of
interchange projects. The goal of this paper is the qualitative and quantitative measure-
ment and evaluation of the effective factors of VE projects on interchanges and extract-
ing the shared effects in order to increase quality, performance, and value index of such
projects. This research will determine the amount saved for the cost of value engineer-
ing projects in Iranian interchanges. To conduct this research, extensive studies in this
field have been conducted from various sources, and their impact and results have
been used (Elhegazy H (2021) [13], Elzarka et al., (2016) [11], Chakraborty et al., (2020)
[10], Chakraborty et al., (2016) [11], Dell'isola (2017) [12], Elmousalami [18], Kumar and
Gururaj [22], Swei et al. [33], Elhegazy et al., (2020, 2021, 2022) [14—17], Wang et al,,
(2017) [36], Zhong et al., (2022) [37]).

Value engineering basics
Value engineering is a powerful methodology when it comes to problem-solving, cost
reduction, and at the same time improving performance and quality, which by identify-
ing and enhancing value indices, and applying creativity, increases client satisfaction and
the value of investment.

Value engineering job plan
A value engineering job plan is comprised of three stages (Iyer, 2009) [20]:

1. Pre-study
2. Value engineering or value analysis workshop

Table 1 The order of value engineering steps

Pre-workshop steps VE workshop steps After-workshop steps

Project coordination Information Final report

Information preparation Function analysis Implementation

Preparation of models Creation Follow-up

Team members (1 to 3 persons) Evaluation Team members (1 to 3 persons)
Working days (2 to 5 days) Development Working days (2 to 5 days)

Presentation
Team members (5 to 12 persons)
Working days (1 to 5 days)
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Table 2 Value engineering methodologies

1 Information stage Gathering and completing information, delimiting the study

2 Function analysis stage Definition of functions, categorization of function, making function models, deter-
mining the value of functions, calculating the cost of functions, calculating value
index, choosing functions to continue the study

Creation stage A number of alternative ideas for each function are generated
4 Evaluation stage Ranking and weighing the proposed ideas, choosing suitable ideas for development
Development stage Efficacy analysis, completion of technical information, preparing implementation

design plans, preparing final proposal
6 Presentation stage Composition and presentation of the oral report and the written one

. Functional Executive
Information + Track
analysis Decision
making

Presentation

Fig. 1 The schematic of the value analysis process in VE workshop

3. After study

Each stage having a job plan as is shown in Table 1 [8].

Value analysis plan includes operational implementation steps of value methodology
[23]. In fact, that which Miles and the people coming before him were doing was the
application of this key stage. The second stage has 6 steps which are applied in order
as depicted below. The International Society of American Value Engineers (SAVE) has
proposed the job plan depicted in Table 2 for the value engineering workshop (SAVE
international, 2017 [31]; Kolano & Eta, 2015 [21];) (second stage).

The International Society of American Value Engineers (SAVE) has proposed the fol-
lowing procedure (Fig. 1) for the steps mentioned in Table 2 [21, 31].

International experiences regarding value engineering interchanges

The experience of value engineering in the developed and developing countries demon-
strates the significant effect that this method has on improving the value of designs and
projects. International experience shows that, in a period of 8 years, 2700 value engi-
neering studies have been carried out in the transportation sector of the USA, for which
the ratio of cost reduction (with preserving or improving quality and function) to the
study costs has been 113 dollars to 1 [9]. In the US road sector alone in 2008, 382 value
studies were carried out. Twelve billion dollars were spent conducting these studies. The
approximate total cost of these projects was roughly 30,000 billion dollars. The amount
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of cost reduction produced as proposals in value engineering workshops was 6500 bil-
lion dollars from which 2530 billion was approved. This reported and approved saving
shows that for every 1 dollar spent on value engineering, 205 dollars have been saved
[32]. The statistics given here are from the value-engineered projects funded through
federal government’s budget, and if we were to include the projects value engineered by
private sector contractors, the figures would have been higher. The results produced in
the USA illustrate a number of pivotal points:

1. The strength and accuracy of the base plan (the initial design by the consultant) not
only do not preclude value engineering, but it paves the way for presenting new ideas
and increasing the value of the project.

2. Not every value engineering proposal is necessarily approved. In most cases, only
50% of them gets approval.

3. The reported savings only include construction costs, and if the costs accumulating
in the life span of the project were included, the figures would have been significantly
higher [2, 32].

A well-designed methodological research presents the administrators and engineers
of road projects, including interchanges, with the most effective approaches for solving
many of the problems they encounter. Although, the growth rate of highway transporta-
tion brings more complex problems with itself, which demands special attention on the
part of decision makers. All selected projects are among the major and very important
projects in Iran, which have been designed and implemented by the most prominent and
well-known consultants and contractors, and these projects are among the highest pro-

jects in terms of price and cost of work.

Methods

For all selected projects, the value engineering discussion has been done extensively and
separately by the country’s leading expert consulting engineers, and it has not been pos-
sible to provide all the details for each project separately. Therefore, the statistics and
results obtained from value engineering, which is completely accurate and specialized,
have been used to conduct research, and the results obtained from the value engineering
of projects have been transferred and used without any change in the analysis of relevant
research data.

At first, in this research, all civil, traffic, construction, economic, value, base plan,
and value engineering design studies, were gathered from their respective consulting
firms for analysis. The general specifications of the projects and the consulting firms
of the base plans and value are presented in Table 3. The total cost of the base plan is
comprise of the construction costs, repair and maintenance, utilization, and land acqui-
sition [3-5, 7, 19, 25-30, 34, 35]. In the next stage, all of the parameters will be qualita-
tively and quantitatively analyzed.
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Interchange Project Base total cost VE project cost Project’s VE consulting
name location (IRR)* (IRR)* consulting firm
firm
Simon Bolivar-  Tehran 3,445,590,000,000 2,155,609,000,000 Ardam Imen Taghatoe
Yadegar-e-
Emam
Chamran-Jalal Tehran 614,377,000,000 352,460,000,000 Rahan Sazeh Imen Taghatoe &
Al-e-Ahmad Rahab
Shahed-jadeh Mashhad 245,502,000,000 148,084,760,000 Rah Avar Tarh Rah-e-
ghouchan Abrisham
Rezvan-koneh Mashhad 346,000,000,000 135,000,000,000 Abadgaran-e-  Tarh Rah-e-
bist shargh Abrisham
Khawrazmi Karaj 186,612,437,500 120,859,360,000 Arces pol & Tarh Rah-e-
Behin taradod-  Abrisham &
e-pars Rahab
Sepah Square Karaj 375,383,589,610 202,194,986,465 Metra Rahab
Jomhouri Karaj 72,225429,629 33,802,131,792 Etehad Rah Rahab
Square
Rezvan-rahmat  Shiraz 256,300,000,000 138,700,000,000 Gueno Behin Taradod-

e-Pars

*In the year of the research (2017), each Iranian rial (IRR) was equal to $0.00003

Results

All selected research projects are among the large and very important and well-known
projects in Iran in which value engineering is very important, and in general, it can be
said that value engineering reduces costs. A total of 10 to 40% in these projects and due
to the budget deficit of many construction projects in Iran, cost reduction is the most
important factor in value engineering in this country.

Qualitative analysis

Considering the forms sent to all beneficiary parties of the interchange projects, the
parameters deemed important by the beneficiaries and team experts were gathered,
integrated, and extracted as is presented here [7, 19, 27-30, 34, 35].

-Reducing problems in construction and traffic detour -Pedestrian passage facilitation

-Increased safety -Securing pedestrian and cyclist access
-Enhancing urban landscape -Project’s flexibility
-Improving local access -Increasing the level of service of the highway
-Reducing construction time -Improving traffic performance
-Accelerating construction and utilization -Maintenance and utilization facility
-Travel time reduction -Reducing social problems
-Acquisition facility -Improving public and quasi-public transportation

-Reducing environmental degradation

Based on the project value studies of the projects under analysis done by the consult-
ing firms (named in Table 3), the evaluated qualitative parameters of the projects are
presented in Table 4.

The value engineering team in each project, noting the location, type, and the par-
ticular conditions of that project, compares the qualitative parameters using binary
AHP method. Then, for each parameter, a numerical score is calculated, and finally,
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Table 4 Qualitative parameters analyzed in each project

Reducing problems in construction and traffic detour Pedestrian passage facilitation

Increased safety Securing pedestrian and cyclist access
Enhancing urban landscape Project’s flexibility

Improving local access Increasing the level of service of the highway
Reducing construction time Improving traffic performance

Accelerating construction and utilization Maintenance and utilization facility

Travel time reduction Reducing social problems

Acquisition facility Improving public and quasi-public transportation

Reducing environmental degradation

the parameters having the highest score are chosen for analysis and proceeding
with the value engineering process. The scoring is done by binary comparison of the
parameters and giving each one a score ranging from 0 to 10, where the sum of score
for both of the parameters is 10. The priority and importance of the parameter deter-
mine the score it receives, that is, the higher its priority and importance, the higher
the score it receives. In such manner, using the binary method, all of the parameters
are separately compared, their individual score is calculated, and finally those having a
score higher than 5 are chosen. After comparing the parameters using AHP, based on
the score they received by the value engineering team of each project being studied,
the chosen qualitative parameters were analyzed. Then, all the qualitative parameters
of each project were analyzed (according to the Table 4), and those parameters which
were shared by at least 50% (i.e., 4) of these projects and were among the important
qualitative factors were extracted. In the following Table 5, points (rates) of qualita-
tive parameters in each project can be seen.

In the next stage, we calculated the average score of each parameter for these pro-
jects. Table 6 shows the average for the influential parameters determined in the pre-
vious stage.

Keeping in mind that the base plan score is evaluated as 5, therefore, by calcu-
lating the ratio of the base plan score to that of the calculated average scores from
Table 6, the optimization rates of the qualitative parameters, as shown in Table 7, are
obtained.

Therefore, it can be concluded that the priority of qualitative parameters of inter-
changes in Iran (according to the conducted case study) and their optimization rate is
as shown in Table 8.

Based on the conducted research, it can be concluded that in Iran, when construct-
ing interchanges, among the qualitative parameters, the acquisition facility has an
especial importance for the employer (in most cases the government), as it has the
highest optimization rate among the qualitative parameters leaving them behind with
a significant margin. It is worth mentioning that in analyzing each project separately,
acquisition facility had the highest optimization rate compared to other parameters.
This goes to demonstrate that in many of the value-engineered projects, considering
the high cost of land and buildings in Iran, the employers in choosing the best option
among the value-engineered options, put forward by the value consulting firm, go for
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Table 5 The scores of the qualitative parameters analyzed in each project

The Case Studies
Reducing Construction Reducing Reducing Constructio Construction Constructio Reducing
probl in | and i probl in probl in n facility facility n facility _ problems in
constructio | facility construction — | construction — improving construction
n and traffic improving improving traffic — improving
detour traffic detour | traffic detour detour traffic detour
Increased Increased Increased Increased Increased T d I d I d
safety of safety safety — safety — Utilization safety safety safety —
the path Pedestrian Pedestrian saftey project’s
passage and passage and structure
movement movement
Enhancing Enhancing Enhancing Preserving Enhanci Enhanci Ent
urban urban urban urban urban urban urban
landscape landscape land. land: land land: land:
and image
Reducing Reducing Reducing Accelerating Accelerating | Accelerating
$ | constructio construction construction Constructio the Utilization
g n time, the time time n and construction
| possibility Utilization
© | of quickly
,g starting and
E | completing
3 | _the project
5 Travel time Travel time Travel time Travel time Travel time
reduction reduction reduction reduction reduction and
Smooth
traffic flow
Acquisition Acquisition Reducing Acquisition Acquisition
facility facility claims and facility reduction
acquisition
facili

Table Legends: Identical colors are the parameters shared by the projects.

Identical colors are the parameters shared by the projects

the one with no or the fewest number of acquisitions or ultimately the one having the
highest acquisition facility.

The other point worthy of attention in this research is that reducing environmental
degradation occupies the last place (i.e., it has the least priority) among the important
and influential qualitative parameters with an optimization rate of zero. Unlike other
countries which place a significant importance on preserving and improving the envi-
ronment, unfortunately, in Iran, this issue is neglected especially by the governmental
employers, which requires reconsideration and more attention.

Quantitative analysis

All of the information and documentations related to the base plan and value engi-
neering studies of the aforementioned projects were analyzed and studied, and the
data including the construction cost of the base plan, the construction cost of the top
value engineering plan, the total cost of the base plan (comprising of the construction
costs, repair and maintenance, utilization, and land acquisition), and the total cost of
the value plan of the projects were extracted and are represented here in Table 9.
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Table 9 Construction and total costs of the projects

Qualitative parameter Optimization
percentage after

value analysis

Acquisition facility 38%
Travel time reduction 16%
Increasing safety 12%
Reducing construction time, construction facility 10%
Enhancing urban landscape 8%
Improving public transportation 7%
Improving local access 5%
Reducing environmental degradation 0%

Table 10 The amount of the construction cost reduction of the projects (IRR)

Name and location  Base plan’s Value plan’s Base plan’s total Value plan’s total cost
of the interchange construction construction cost cost (IRR)* (IRR)*

cost (IRR)* (IRR)*
Khawrazmi (karaj) 186,612,437,500 120,859,360,000 186,612,437,500 120,859,360,000
Rezvan-rahmat 133,000,000,000 118,000,000,000 256,300,000,000 138,700,000,000
(shiraz)
Chamran-Jalal Al-e- 256,606,000,000  293,717,000,000 614,377,000,000 352,460,000,000
Ahmad (Tehran)
Shahed-jadeh ghou-  245,502,000,000  148,084,760,000 245,502,000,000 148,084,760,000
chan (mashhad)
Simon Bolivar-Yade- ~ 512,185,000,000  677,449,000,000 3,445,590,000,000 2,155,609,000,000
gar-e-Emam (Tehran)
Sepah Square (karaj)  261,554,898,000 140,882,794,360 375,383,589,610 202,194,986,465
Jomhouri Square 50,324,296,000 23,552,210,000 72,225429,629 33,802,131,792
(karaj)
Rezvan-koneh bist 225,000,000,000 135,000,000,000 346,000,000,000 135,000,000,000

(mashhad)

*In the year of the research (2017), each Iranian rial (IRR) was equal to $0.00003

For each project, the construction cost reduction is calculated by finding the dif-
ference between value plan’s construction cost and construction cost from base plan.
Also, the total cost reduction is the result of subtracting the total cost of value plan
from the total cost of the base plan (in Table 10).

Afterwards, using the value engineering contracts of each project, the cost of value
engineering was extracted, and the total sum of the cost of value engineering stud-
ies was obtained, and next, the total sum of cost reduction was calculated. To calcu-
late the profit gained for every IRR spent on value engineering (saved amount), the
sum of total cost reduction must be divided by the sum of value engineering costs. The
resulting figure represents the amount saved for every IRR of value engineering cost
(in Table 11).

As it can be observed in the table above (Table 9), in value engineering inter-
changes in Iran for every IRR of the cost of value engineering studies, 586 IRR is

saved from the total cost. But in order to improve the accuracy of the research,
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Table 11 The amount of total cost reduction and value study costs of the projects (IRR)

Name and location of the interchange Construction cost Total cost reduction
reduction (IRR)* (IRR)*
Khawrazmi (karaj) —65,753,077,500 —65,753,077,500
Rezvan-rahmat (shiraz) —15,000,000,000 —117,600,000,000
Chamran-Jalal Al-e-Ahmad (Tehran) 37,111,000,000 —261,917,000,000
Shahed-jadeh ghouchan (mashhad) —97,417,240,000 —97,417,240,000
Simon Bolivar-Yadegar-e-Emam (Tehran) 165,264,000,000 —1,289,981,000,000
Sepah Square (karaj) —120,672,103,640 —173,188,603,145
Jomhouri Square (karaj) —26,772,086,000 —38,423,297,837
Rezvan-koneh bist (mashhad) —90,000,000,000 —211,000,000,000

*In the year of the research (2017), each Iranian rial (IRR) was equal to $0.00003

taking into consideration that the initial construction cost of these interchange pro-
jects are not identical, and also the size of the projects, a range must be chosen
so that the figures obtained can be realistic and credible. To do so, a variance and
a standard deviation were calculated using formula 1, so that the intended range
could be calculated using formula 2. Then eliminating the data outside of that
range, the figure given above was fine-tuned.

o Standard Deviation = \/(Z (K — %)% = n) (1)

X,,: Total average of saving for every IRR of the cost of value engineering studies of the
projects

X;: The amount saved for every IRR of the cost of value engineering study of each
project

n: the number of projects

— o Standard Deviation = /(472308 —~8) =687
Average — standard deviation < the range being studied < average — standard deviation
— 102 < the range being studied < 1273
(2)

Obtaining the range of the research, it is determined that one of the projects is located
outside of the domain, therefore, leaving the numbers for the said project out of the cal-
culations, the amount saved is recalculated as follows (formula 3).

— Saving = 2340 =7 = 334

The total saving of the projects located inside the obtained range is 2340 IRR, which
if it is divided by the number of projects located inside the range, on average, the saving
would be 334 IRR for each project. Consequently, it is revealed that for every IRR cost of
the value engineering studies conducted for these interchange projects, 334 IRR is saved
from the total cost of interchange project in Iran. Accordingly, it can be deduced that for
the interchange project in Iran, on average, for every IRR spent on value engineering, 334
is saved from the total cost of these kind of projects, which testifies as to the necessity of
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value engineering and its tangible effects on interchange projects in Iran. The international
experience shows that in federal highway projects, the amount saved for every dollar of the
cost of value studies in the year 2009 has been 99 dollars; 2010, 146 dollars; 2011, 80 dollars;
2012, 96 dollars; and in the year 2013, 118 [32]. In the US road sector alone in 2008, 382
value studies were carried out. Twelve billion dollars was spent conducting these studies.
The approximate total cost of these projects was roughly 30,000 billion dollars. The amount
of cost reduction produced as proposals in value engineering workshops was 6500 billion
dollars, from which 2530 billion was approved. This reported and approved saving shows
that for every 1 dollar spent on value engineering, 205 dollars have been saved [32].

Conclusions
The outcome of this research demonstrates that among the evaluation parameters,
the acquisition parameter in interchange projects plays a significant role in choos-
ing the top value engineering plan. As it was mentioned, this partially depends on
the views that the employers hold. The highest improvements accomplished were
in reducing travel time and increasing safety. The most neglected parameter in the
value engineering plans evaluated was improving the environment which demands
especial attention. Also, from this research, it can be concluded that for every IRR
spent on conducting value engineering studies, 334 IRRs are saved from the total
cost of interchange projects in Iran.

The value engineering study should be started in the design stage of interchange
projects.
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