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14.1 INTRODUCTION

The Value Engineering (VE) or Value Analysis (VA) is an important and powerful tool for
improvement in the performance of the products, systems or procedures. It is a cost
effective approach which improves the performance without jeopardising the function(s)
and without compromising on quality, reliability etc. The terms VE and VA are used
almost interchangeably. During the evolution of value methodology, many other terms
have been used. These names originated from emphasis on the type of objective(s) set for
the value program. Some of these terms used to convey the same concepts are value
assurance, value management, value buying and value control. However, whatever term
used, the basic program-methodology adopted remains the same. Value methodology
deals with functions rather than products. Thus, for successful implementation of a VE
study, the “problem” should be describable in function terms, and the “alternate
approaches” to achieve the functions must be a valid consideration.
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L. D. Miles detined Value Analysis in his book, Techniques of Value Analvsis and
Engineering (1961) as “an organised creative approach which has tor its purpose the
efficient identification of unnecessary cost. i.e. cost which provides neither quality. nor
use, nor life, nor appearance, nor customer features”. Various other definitions are
proposed such as “an organised study of the function of a material, componeni. product
or service, with the objective of yielding value improvement through the abilitsto
accomplish the desired function at the lowest cost without degradation in quality™. Thus,
the basic objective of VE/VA is to achieve equivalent or better perlormance at a lower
cost while maintaining all functional and quality requirements. It does this largely by
identifying and eliminating hidden, invisible and unnecessary costs. We may simply
perceive VE as the systematic application of the recognised techniques to identify the
functions of a product or service and provide those functions at the lowest total cost.

However, VE should not be treated as a mere cost reduction technique or cheapening of
the product. It is more comprehensive and the improvement in value is attained without
any sacrifice in quality, reliability, maintainability, availability, acsthetics ete. It was
traditionally applied in the area of hardware projects, such as product design. structural
design, material manufacturing etc., though these coneepts are equally applicable in
software projects, in the systems and procedures. Recently, these concepts have heen
applied to non-traditional areas, such as urban slum development programmnies. and statt
welfare motivation enhancement plans ete.

Objectives
After studing this unit, you should be able to
i conceptualise the basic methodology of Value Engineering (VE).
N differentiate between value and cost,
. appreciate the role of VE in cost effectiveness and performance improvement,
i identity the poor value areas in products and systems.
i discuss the content and suitability of various VE job plans.
. describe the FAST Prograinming for function analysis, and
. appreciate the role of some of the recognised man'u,ement techniques in the

implementation of a VE study.

14.2 VE BASICS

Value Enginéering (VE) is a systematic approach for obtaining optimum valuc for cvery
rupee spent. As mentioned earlier, in this technique, through a system of investigation,
unnecessary expenditure is avoided, resulting in an improved value and econonmy. VE
approach is a creative etffort directed towards the analysis of function ot the product or
system. VE aims at finding alternative way to provide the prescribed function at a lower
cost without sacrificing the required performance standards. ‘

Before going into the details of VE methodology, it is pertinent to understand “value™ and
its relationship with the cost of product or system.

14.2.1 Value

Value in itself is somewhat difficult to define. It means different to different pcople. It is
often confused with cost or price of a product or service. In the most tundamcnml concept
ot VE, the valuc is defined by the following basic equation :

Worth

Value = ———
‘ Cost

This equation is totally valid. Further, it has the ring of good philosophy. In this cquation,
cost can be quantified in monetary value but what are the units of worth ?

To measure wortti, the product or process is first translated into the functions it performs
and then the user acceptance of those functions is measured. This user acceptance is a
direct measure of worth. The users perception of worth is composed of first impression
plus experience. Cost is also not simply the initial price but must also include tollow-on




costs during the life cycle of the product. The cquation for modern VE includes these
factors :

(user’s initial impression + satislaction in use) Ulility

Value = M T R - P
‘ (first cost + follow on costs) Life cycle cost

This ratio should tend towards unity tor the best value. Figure 14.1 shows the utility vs

e. In fact, there are many ways o determine value other than by financial cost
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Figure 14,1 : Utility Versus Cost Curve
The value mayv be increased by @ (Refer Figure 14.1) .

(1) improving the udlity without change m cost (Point A),
(b) retaining the same utility for less cost (Point C), and
(¢)  combining mproved utility with less cost (Pount B).

Thus. 1t can be seen from the graph given in Figure 4.1 that an optimum valuce is
obtained when all utilities criteria are met at the related overall cost.

14.2.2 Definition of VE
VE has been defined in different ways by the different authors. In fact. VE can be delined
in innumerable ways. xo long as the delinition contains the tollowing three basic
ingredients

ta)  orgamsed approach,

(b)  unctuon oriented. and

(¢)  creattve thinking.
The detmition of VE given by L. D. Miles has been presented in Section 14,1, The

definitions and elaboration to VE given by other eminent experts, practicing organisation
and VE societies have been included in subsequent paragraphs.

Dell'isola (1.‘)74)

[n simple terms. VIE is a systematic approach of obtaining optimum value of ¢cvery
dollar <pent. Through a systen of investigation. unnecessary expenditures are
avorded, resultmg moimproved value and economy. The VE approach is a creative
cltortdurected towards (he analysis of function. It is concerned with the
climination or modification ol anything that adds cost (o an item without adding 1o
is funcuon.

Sethi (1980)

VE s an organised effort for the systemaltic application of recognised lechniques
which identify the functions required ol a product. process or system. establish
thetr monetary value and creatively develop the lowest overall cost method ol
pertorming the desired functions commiensurate with the required parameters nl

value such as reliabiiny, mamtainability, aesthetics ete. 41
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Trufty (1983)

VE is defined as an organised effort directed at analysing the functions of systems,
equipment, installation, operation, maintenance, rep-ir, replacement, facilities,
procedures, and supplies for the purpose of achieving the required function at the
lowest total cost of effective ownership, consistent with requirements tor
performance, reliability, quality and maintainability.

Bureau of Indian Standards (IS : 11810-1986)

VE is a discipline comprising a series of techniques aimed at an organised
systematic effort directed at analysing the function(s) of items, products,
equipment, processes and procedures for the purpose of accomplishing all the
required functions at the lowest total cost which expression covers not only initial
cost but also ownership cost covering operation/maintenance, disposal costs etc.
throughout the desired or specified life cycle of the articles or subject under study.

Zimmerman and Hart (1988)

VE is a proven management technique using systematised approach o seek out the
best functional balance between the cost, reliability and performance of a product
or project. The programme seeks to improve the management capability of people
and to promote progressive change by identifying and removing unnecessary
cost(s). ~

Venkataramanan (1991)

VE is an organised creative techrique, directed at analysing the function of a (
product, service or a system with the purpose of achieving the required functions at
the lowest overall cost consistent with all the requirements which comprises its
value such as performance, reliability, maintainability, appearance clc.

Society of Indian Value Management (SIVAM)

VE is an organised methodology for locating unnecessary costs, improving product

and service value and achieving cost effectiveness through the systematic :
application of the techniques which identify the function of a product or service,
establish value for that function at the lowest cost without sacrificing quality and
reliability.

Indian Value Engineering Society (INVEST)

VE is the systematic application of recognised techniques by multi-disciplined
team(s) which identify function of a product or service; establish a worth for that
function; generate alternatives through the use of creative thinking and provides
the needed function reliably at the lowest cost. '

Society of American Value Engineers (SAVE)

VE is a professionally applied, function-oriented, systematic team approach used
to analyse and improve value in a product, facility design, system or service —a
powerful methodology for solving problems and/or reducing costs while
improving performance and quality requirements.

14.2.3 Historical Perspective

The VA/VE technique emerged from the industrial community during the years of World
War II when the scarcity of many vital products and materials hit its roots. The scarcity of
essential products and materials necessitated creative thinking which led to the
innovation of some substitutes which outstood the original ones not only in their
performance but also in their atffordability.

The early development of the VE concept was initiated in the General Electric Company
(GEC), USA. The man responsible for the development of VE program initiative was
Mr. Lawrence D. Miles, an electrical engineer with GEC. Miles was posted at the
purchasing department under the direction of Vice-president, Harry Erlicher. He was
assigned the task of finding, negotiating for and getting a number of vital materials. As a
result of World War II, many materials were in short supply and suppliers already
over-extended, said “no” to increased schedule of new necessary products. In this
desperate situation, Miles was forced to basics. Whenever he had difficulty in getting a
product, he aimed at getting its function by some other alternate means. Time and times’
again, there was a way to do it. Miles found that many of the substitutes used were
providing equal or better performance at less cost. Thus, the function approach proved to
be effective.




Miles recerved the active support of his superior o develop. refine and utilise what then was
first called Value Analysis (VA). Based upon th2 success experienced by General Electric
Company. the concept spread throughout priva.e industry because ol its ability 1o vield a
large for a relatively modest investment.

The first govemment organisation (o implement a formal VA program was the Department
of Defence’s Bureau of Ships in 1954 (now. the Navy Ships System Command). They calied
the program Value Engineering (VE)” (o reflect the emphasis on their objectives and type
ol organisation which was engineering. This nanie is now the most commonly used and
well-accepted since the chartering of the Society of American Value Engineers (SAVE) in
1959, However, it was notuntil late 1961 that the program was formally implemented
throughout the Department of Defence in USA.

Department ot Detence instituted programs by statfing full time value engineers and by
introducing VE incentive clauses into their construction contracts, permitting contractors o
propose VE changes and share in the resulting savings.

in.India. VA/VE is now a well-recognised programme and many organisations in military
and navy as well as i other public and private sectors have set-up directorates or cells of
Value Engineering. Some professional socictics. like Society of Indian Value Manage ment
(SIVAM) and Indian Value Engineering Socicty (INVEST) have also come up o create
awareness i this arca. These societies publish news-letters, journals, organise workshops.
seminars. and conferences and provide other related services. Thus. in our perennial battle

to find a better way to fight inflation, VE is now considered as .a ctiective management (0ol

14.2.4 VE in a Project Life Cycle

It is obscrved that the greatest potential Tor net cost saving occur in the conception and
preliminary design phase. For example. for a housing project. VE can be best applied in
the conceptual stage of the project to tinalise the type of dwelling unit and a sound
‘structural system for the buildings. At this planning stage, a value effective planning
parameters such as roominess, flexibility and grouping can also be achiceved in the
building. Hence, the value engineer should concentrate more on this phase and identify
the potential areas to be studied. Figure 14.2 illustrates a common situation in which the
savings potential decreases as the project ages. Early VE tends (o produce greater savings
for two reasons. Firstly. more units are aflected by saving actions. and secondly. earlier
changes lower the Implementation costs.

Cost reduction potential

Net saving potential

Cost

Cost to implement

Life cycle phase

Full-scale Production/Operations /

Concepiual  Validation development maintenance

Figure 14.2 : VE Savings Potential during the Life Cycle of a Typical Project
Twao of the most important Tactors influencing the selection of the appropriate time for
applying VE are as follows :
(a)y ihe magnitude of the savings likely from the effort, and
(by  The degree of receptivity of the environment in which VE is to be applied.

VE may be applied repeatedly at any pomt in the life ¢cycle of a project, as new information
and details are produced. The smaller the cost reduction potential. the greater would be the
investment required o implement. The further details of VE studies implementation in
different phases of project life cycle is given in subsequent paragraphs.

Vb b oacineering
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The purpose of this phase is to translate requirements and program duectives 1to
feasible facility concepts which result in defining future operational and support
requirements and impacts. The goal of low tota} cost of ownership (rather than just
low acquisition cost) emphasises the need for VE effort in related planning. design.
construction, and maintenance areas. VE effort in this phase is dirccted 1o
furnishing inputs necded to ensure the most economical decisions to achieve the
functions sought.

Tentative Desigr. Phase

During this phase, the approved concepts are definitised, outline specifications are
started, and sufficient detailed information is developed. This is the most
opportune time to question performance characteristics. A VE study analyses the
essential requirements, technical characteristics, and the design tasks. as well as
may reveal alternatives offering improved value. Comparisons during this phase
require special skills to validate the projected economic benefits. VE cliorts i this
phase are directed toward creating value indices of function, cost and worth of the
systems as a whole. and its major subsystems.

Final Design Phase

Continuity of VE ¢ffort in this phase is essential to ensure that hidden costs are not
unintentionally cngendered in the project during the development of speciiics. VE
efforts in this phase are not necessarily put i1 for eliminating items, rather they are
usually limited to eliminating the unnecessarily restrictive details of the 1tems.
Normally, redesign as a result of VE cffort at this stage cannot be economically
accomplishied due to the heavy implementation costs involved. unless the Jite cycle
saving potential is large enough to justify the cxpenses.
Production/Construction/Manufacturing Phase

During this phase VE can be performed both internally and by ihe contracior ot
vendor. Internal VE can be accomplished by reviewing specific contract
requirements tending to increase contract cost. The total cost of ownerships is
affected by operation, maintenance, and other support costs. Reducing these costs
result in lower life cycle cost. VE studies during this phase have resulted in:

extension of an item’s life,

reduced repair costs,

savings in energy and other operating costs, and
reduction in the number of supply items in stock.

The VE technique is basically a problem solving approach. Application of the fechuigue in
itself does not necessarily mean that money will be saved. Like every profitable cadeavour,
the successtul VE program is based on a maximum return from the available investiment.
Following Pareto’s Law of (Mal)distribution, VE attempts to identify and isolate the small
percentage of the elements in a single system that contribute to a great percentage ol the
cost of the system. Those with the greatest potenital for impact on cost, (hen becomne the
candidates for application of VE. In purchasing situations, it has been discovercd than
approximately 20% of the items carried 80% of the cost as shown in Figure 14,3
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. 14.2.5 Reasons for Poor Value Value Enginecring

One of the important reasons behind poor value in product, system and procedures that
we come gcross is the lack of organised etfort in devising such systems. Many times, the
designs are created under highly compressed time frame and the designer may play safe
by giving product designs with sole emphasis on technical feasibility and may prescribe
thicker, costlier materials and other unnecessary features which are not needed by the
customer. Sometimes. ad hoc decisions get permanency due (o lack of review of product
designs. Often. lack of consultation with each other also contributes to poor value.

Every cause of poor value that is identified provides an opportunity for solution and a

potential arca for putting VE efforts. Predominant factors which were responsible tor about

95% of the savings actions are excessive cost, additional design, advances i technology.

and the questioning of specifications.

Threatening Security
In a professional sense, many designers believe that it is their respousibility to
provide tlie most economical product lor the client. A change recommended (0
save money indicates that the old way is uneconomical, or represents poor value, It
is humau nature for the decision-maker o feel that change is a threat to his
security. The decision-maker naturally tends to teel that changes suggested to him.
cast a bad retlection on lis original decision.

In general, the reasons tfor poor value are as follows :
(a)  lack of information,

(b}  decisions based on wrong beliefs,

(¢)  habiwal thinking and negative attitudes,

(d)y  reluctance to seek advice,

(¢)  shortage of time,

(f)  changing teclmology.

(g) lack ol a yardstick for measuring value,

(h)  old specitications, and

(1) poor human relations.

Promoting Cooperation

Attention o human relations must be a countinuing effort. Here are some useful guidelines
to follow in conducting a value study.

(a)y  Acquamt people with the nature and objective of your study. As much as
possible. promote VE as a team effort of the entire organisation. instead of just
your group.

(b)  Respect the chain of authority, customs of the organisation, and personal
characteristics of the people being worked with.

(¢)  Anticipate likely adverse reaction to your work.,

(d)  Make suggesuons. recommendations. and requests as clear as possible at all
tmes. Make reports as clear and accurate as possible.

(e)  Never start a conversation with an individual by criticising his work on an item
under study.

(f)  Be careful m handling or making proposals which imply criticism, effect jobs
or assignments, or depend upon a particular individual.

(g)  Always have the facts handy to'back up the proposal or report and be ready to
present them clearly.

(). Consult with those who are alfected by proposced changes so that they don’t
feel that you are operating behind their backs.

(1) Remember to histen and listen carelully. Avoid just telling people about VE or
aspecthic proposal. Listen 1o what they say and respond o therr thoughts and
needs. The man who ohjects (o a proposal often gives a clue as to how it niay

be approved or modified so as 1o permit approval.

{

1 Show respect for the other person’s opinions. 4

ol
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SAQ 1

(a) Detfine value. How it is different from cost ? How quality can be combined
with the value ?

(b)  Write an essay on how (o organise VE study in construction industry.

(¢) Identify five products in your day-to-day life and determine the reasons for
poor value in them.

14.3 FUNCTIONS AND VALUE
14.3.1 Types of Value b

As mentioned earlier, the term “value” is used in many different ways and is frequently
confused with the monetary price or cost of an item. However, value is not synonymous
with cost. Value may be perceived as the ratio of the sum of positive and negative aspects
of an object. Thus, value can be considered as a composite of quality and cost. It is more
in terms of worth or utility as mentioned in Section 14.2.1. Thus, a ratio of quality to cost
can also be treated as the value of a product. If its costs can be reduced for same quality
or quality can be improved with same cost, then the value improvement can be said to
occeur. The term value can be divided into following types :

(a) Use Value : The properties and qualities which accomplish a usetul purpose or
service.

(b) Esteem Value : The propetties, features or attractiveness which vause us to
want or own it.

(¢)  Cost Value : The sum of labour, material and various other costs required
produce it.

(d) Exchange Value : The properties or qualities which enable us o exchange it
for something else we want.
14.3.2 Types of Function

VE discipline deals with the function(s) of items, products, systems and procedures. [tis
a functional and customer-oriented approach. Identification of the functions. therefore.
constitute an important aspect of VE. The term “function” is used to mean the purpose or
use of a product. '

Functions can be of two types :
(a) Basic functions : The primary purposes of a product.

{b) Secondary functions : Other purposes not directly accomplishing the primary
purpose but supporting it or resulting from a specific design approach.

Many a time, poor value may result in because the functions have not been precisely
understood and redundant or unnecessary functions have been imposed.

14.3.3 Value Tests

VE is essentially a questioning attitude looking at the function and costs. Mr. L. 1D, Miles
designed a set of value tests to ascertain whether there is a scope tor value improvement.
If these value tests are honestly applied, there is bound to be room for improvement in
most of the products, systems and procedures that we come across. Some of (hesce
questions which can work as thought-starters for developing better value alternatives
could be as foltows :

(a) Can the design be changed to eliminate the part ?
(b) Can you purchase it at lower cost ?
(¢) Does it need all its features ?

(d) Is there anything better for the intended use ?




(¢) Can ausable part be made by a lower-cost method ? Value Engineerin
(f) Can a standard part be used ?

(g) Is it made on proper tooling considering the quantities involved ?

(h)  Are there any newly developed materials that can be used ?

(i) Can two or more parts be combined into one ?

G) C/an any specifications be changed to effect cost reduction ?

14.3;4 Identification of Poor Value Areas

By applying the value tests, we may comne across poor value areas which are responsible
for unnecessary costs. These could be in the design of the product, procurement, handling
and storage of materials, production processes, packaging and distribution of the final
product. Once we are able to identify poor value areas, we can focus our attention on
these so that these unnecessary features can be eliminated.

Another way to identify the poor value areas is through function cost matrix approach. If
a function is relatively less important but accounts for a large percentage of product cost
then it is a potential area for value improvement. By determining alternative cheaper
ways to achieve that function, we can reduce the cost and improve value.

In simple terms, a soundly conducted VE program should essential provide answers of
the following questions :

(a) What is the item ?
(b) Whatdoes itdo ?
(¢) How much does it cost ?

(d) Can anything else do the same thing ?
(¢) How much does that cost ?
Activity 1

Choose any product, system or procedure that you are very well conversant with in
your day-to-day life and apply the above value tests to find out if there is a scope
for value improvement in it.

-

“14.4 AESTHETICS AND WORTH

Somehow, in recent years, the intense need and desire to reduce costs has been equated with
the act of reducing quality or making sacrifices in requirements down to just above the limit
of tolerability. Yet, according to Miles, aesthetics should never be deleted, rather must be
provided at the levels required.

He insisted that full retention for the customer of the usefulness and esteem features of the

- product is inherent in the philosophy of value analysis. Both, “use functions” and “aesthetic
functions” in serving the needs of a man are part of the value process. The skill lies in
determining or making a judgement, when an aesthetic function is required, and when it is
superfluous.

Here, it is worth mentioning that beauty is the quality attributed to-whatever pleases or
satisfies in certain ways, and whenever the difference in cost is allocated solely to aesthetic
functions.

14.4.1 VE : Function Approach

There is a different point of view in performing function analysis depending upon who you
are. Are you a designer or manufacturer of a product or are you a user of a product 7 What
/could be basic function to one person might not be basic function to another.

* Function analysis'is a system to show exactly what one gets for his money and, as such,
responds directly to the needs of the owner. It can show, that a good design can, at times, be
stronger, more attractive, and less costly. S 47
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Most value analysis discuss and define three aspects of economic value:

aspects of value relates to
exchange value — worth
esteem value — want
use value —_ need

VE methodology concentrates on the use value of the “worth” or “sell” functions. Aesthetics
normally is a subjective decision and, very often, an individualistic one. VE is a tool to
bring more objectivity to the decisions on aesthetics, usually to gain group acceptance.

Esteem value is no more than the desire of the owner (o own it. Sometimes, an owner
doesn’t want it because it doesn’t satisfy his desire — it doesn’t please him aesthetically — he
can’t live with it, aesthetic functions become basic when desire becomes as strong as need.

14.4.2 Relating Value to Worth

When elements of utility can be quantified in monetary units, we call them elements of
worth so that they can be related to their corresponding elements of cost. Function worth, by
definition is the least cost to provide a given function.

What is the worth of the function ? For example, what is it worth to “transmit current”,
“illuminate area”, and “control flow” etc. Worth can be determined by mathe matical
calculations. For example, the worth to “transmit current”, can be calculated. I amount of
current is known, and the distance to be transinitted is also known, then the cost can be
calculated. But this technique requires considerable calculations. Therefore, the worth is
determined by another way.

The worth of a function is usually determined by comparing the present design for
performing the function with other methods of performing essentially the same function.
Thus, the rule is, determine the cost of functional equivalent based upon the way it was
accomplished previously. To aid in determining worth, one might ask the following series of
questions : :
(a) Whatis the cost of achieving the basic function as the item is presently
designed

(b) Do you think the performance of the basic function should cost that much ?

(¢) Ifno, what do you consider, would it be a reasonable amount to pay for the
performance of the function (assuming, for the moment that the tunction is
actually required) if you were to pay for it out of your own pocket ?

(d) Whatis cost of achieving this function, if some other known item is used ?

(e) Is this a common, easily accomplished tunction or one that is rare and difficult
to achieve ?

() Whatis the price of some items that will almost but not quite, perform the
function ?
Finally, in determining worth, the key rule to be remembered is that worth is associated
with necessary function of the item and not with the present design of the item or system.
14.4.3 Allocating Cost to Function

When an item serves one function, the cost of the item is equal to the cost of the function.
However, in most of the cases, an item serves more than one function. When this occurs, the

.cost of the item must be prorated to each function.

Cost must be as factual and realistic as the sources of information and time to conduct the
study will permit. Value can be quantitatively expressed through the use of a value index
which is the relationship between cost and worth. Remembering that cost and worth are
related to functions rather than items, the index (= cost/worth) serves to :

i assist in determining whether to proceed with the value study. The study
should proceed only if poor value exists. 1t is indicated when the value index is
greater than one. Good value is indicated when the index is one.

. locate areas where the cost/worth ratio is the greatest. Generally these areas
will have the greatest VE potential and are useful itmes for VE study.

. provide a factor measuring the effectiveness of any VE efforts. Did the
cost/worth ratio approach unity after the VE effort ?




14.5 BEGINNING A VALUE STUDY

The best value study subject is one that is identitied by an enthusiastic employee, and fully
sponsored by the organisation. For a value program to contribute to the productive work of
an organisation, selection and identification of areas of opportunity for VE should occur
within the existing areas of work, at their normal times of “happening”.

14.5.1 Planning a Study

Value studies are performed by teams. A value study plan to be submitted to management
for resource sanction, should contain the following information :

. A description of the objectives and scope of the study in enough specific detail
to ensure achievement of special results.

. The estimated study costs, expected benefits or target Saving, and target return
on investment, if possible.

. The names of the members of the team, their skills, how much time each will
be required to spend on the study and the name of the team leader.

. The time limitations or milestones for completion of each phase of the VE job
plan.

. The target date for formal presentation of study results.

It has been observed that the optimum size for a team is five persons, supported on a
part-time basis by other elements of the organisation or outside experts and consultants. The
composition of the team should be mixed and multi-disciplinary. Individual work
experience or background in the technology involved for the particular study is important,
but not to the extent of exclusion of those who have not achieved different points of view
and disassociation with the subject of the study.

Emphasis should be placed on using the best talent available. Involve people who are
directly affected by the problem in arriving at the solutions. Human reiations plays an
important part in the successful conduct of a study.

'14.5.2 Study Procedures

“The basic framework for conducting a value study is the job plan. Sometimes, the team
members are temporarily reassigned trom their normal duties to work full time on the value
study, with the expectation that the group will dissolve when it finishes its work. There is
one distinct disadvantage (o the full time team study. This type of study usually compresses
the time available for thought and incubation of ideas.

Another approach to team operations that is often more acceptable to management is the full
timg team that works on a part time basis over a longer period of time. Regardless of the
metiod employed, the team as a whole should perform the function analysis and the
development of ideas, and all should agree upon the final selection of recommendations.

SAQ 2
(a) Discuss the various types of value by giving suitable examples.

(b) List the function of an exterior wall in a building. Try to categorise the
identified functions into basic and secondary functions.

(c) How will you identify the areas of poor value ?

14.6 VE JOB PLANS

A task which is accomplished in a planned and systematic manner is more likely to be
fruitful than one which is unplanned and relies upon undisciplined ingenuity, especially
in view of the complex and multi-disciplinary problems which confront the modern
business enterprise. VE is considered as an “organised effort”, because of a systematic
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approach called VE job plan, is followed to ensure optimum results. This organised and
systematic approach of the VE job plan is the key to success in VE study and used by a
team ensures the advantages of collective wisdom. In other words, the VE job plan is the
road map for defining the required task and determining the most economical
combination of functions to achieve the task.

The VE\\job plan outlines those tasks or functions necessary to properly perform a VE
study. Adherence to a definite plan is essential for achieving optimum results. Good
results come from a good system, and a good system is one which covers all aspects of a
problem or situation to the necessary degree. Use of job plan provides,

(a) avehicles to carry out the study from inception to conclusion,
(b) aconvenient way to maintain a written record of the effort as it progresses,

_(c) assurancetthat consideration has been given to facts that may have been
neglected in the creation of the original design, and

(d) alogical separation of the study into units that can be planned, scheduled,
budgeted and assessed.

The job plan attempts to generate, identify and select the best value alternative(s) by making
specific recommendations supported with the proper data and identifying the action
necessary for its implementation. Further, it provides a proposed implementation schedule
and a summary of benefits to the user. The VE job plan is a planned programme that has
been tested, is being used and has been proven to work.

Several versions of VE job plan are available in current VE literature. Some sources list five
phased, while others range up to eight. Here, the number of phases into which the study
procedure is divided, is less important than the systematic approach employed. This unit
will describe a six-phase approach excluding an initial general phase of orientation. The
general phase plays a vital role throughout the job plan and provides a good base for other
phases to succeed. ’

The principal phases of the job plan are information, speculative, analytical and proposal.
However, in practice, the VE job plan can be divided into following six phases as shown in
Figure 144 :

(a) Information Phase (d) Analytical Phase
(b) Function Phase (e) Evaluation Phase
(c) Creativity Phase (f) Recommendation Phase

Each of these phases comprises or is supported by one or more techniques. There are proper
worksheets used for each phase. The practice of job plan and the application of VE

" techniques should be made on properly selected project. Thus, the selection of VE project is

also equally important. Those products should be chosen for the study which are significant
in terms of cost reduction potential. In step-by-step application of the job plan, the project
unfolds from the information right up to recommendation phase..

Information Phases of the
Phase . VE Job Plan
Functional
Phase
Creativity
Phase
N
Analytical
Phase
Evaluation
Phase
Recommendation
] Phase
Essential VE effort

» Figure 144: VE Projeet Summary
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Actually, there is no sharp lines of distinction between the phases (Figure 14.4) and they
tend to overlap in varying degrees. In actual practice, it is frequently necessary to return
to a previously completed phase for additional work prior to reaching a decision. For
example, the early steps such as information gathering and data collection may continue
throughout most of the VE effort.

Now, starting with general orientation phase, each phase of the VE job plan is explained
briefly in subsequent paragraphs.

14.6.1 General Orientation Phase

The general orientation phase is usually conducted by a VE manager prior (o the
assembling of a VE task teams. Throughout the application of the entire job plan, the
techniques of this phase must be diligently applied to create the right environment for the
job plan to be effective. There are five techniques associated with this phase.

(a) Use good human relations : It will be seen that considerable personal contact
is necessary throughout the project. The use of good human relations means
assistance in place of resistance.

(b) Inspire team work : This is one of the easiest to talk about yet one of the
hardest to accomplish. It calls for subordinating personal prominence or ego in
the interest of the group as a whole.

(c) Work on specifics : We should avoid generalities and work on specifics. '
Concrete data and information on specific problems must be secured. Only
opinions and hearsay can be expected when talking in generalities.

(d) Overcome roadblocks : In any organisation, a group of dissenters can be
found. These individuals knowingly or unknowingly, will use every means at
their command 10 resist change. It is important to be able to recognise
roadblocks and then take steps to overcome them. A. E. Mudge, a well known
VE specialist, has in fact compiled an impressive list of “’killer phrases” which
people use to kill an idea. 1t is very crucial to avoid such mental roadblocks.

(e) Apply good business judgement : Business decisions and judgements must be
based on facts. Poor business decisions and poor judgements become prevalent
when personal opinions and feelings take control. To apply good business
judgement, one must be resourceful, able to think and should be able to pursue

“new knowledge. :

With the general orientation phase as the base of foundation of the job plan, we can enter
the first phase — information phase. The techniques included in the information phase,
though seemingly simple, incorporate some of the most difficult portions of the approach.
14.6.2 Information Phase

Objectives

Information phase has following two basic objectives :

(a) To obtain thorough understanding of the system, operation or item under study
by a rigorous review of all the pertinent factual data.

(b) To anticipate the probable potential value improvement (if possible).
Key Questioﬁs
During this phase, the following questions must be answered :

(a) Whatisit?

(b) What does it cost ?
This phase comprises following three techniques :

(a) Secure facts ; Information gathered must be authentic; it is one of the most
difficult tasks. The type of information required will be as under :

(1)  Technical specifications — dimensions, grades, tolerances, quality,
appearance etc.

(ii) Environmental specifications and test conditions.
(iii) Engineering drawings.

{iv) Production sample — actual or mode! of it.

Value Engineering
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(v) Production data — operations, spceds, rates, output and stock levets.
(vi) Cost data — material, labour, overhead-costs.

(vii) Work specifications — work place layout, standard times.

(viii) Features preferred by Customers.

(ix) Quantities involved.

(x) Scrap rates.

Determine costs : In order to direct towards those areas promising the greatest
return on time and efforts in VE, the complete and accurate costs must bhe
secured.

Fix costs on specifications and requirements : By establishing a relationship
between the costs and the specifications and requirements, a means is presented
by which the latter two can be quantitatively evaluated. Extreme care should be
taken in this phase to ensure that true facts are gathered, accurate costs are
secured, and these costs are truly related to the specifications and requirements.

Figure 14.5 provides a format of a worksheet for VE cost matrix showing the cost details
of the project. The description column is used to identify the components ot the project.
This format is also used to break down the project specifications.

. ]
Project : INFORMATION PHASE
Location :
item : Cost Details collected during the
Date: information Phase
{tem Description System Breakdown | % ofthe| Total
No. . Total | item cost
Cost }
——]
Percent of Total |
Names of VE Team Members
(Name of VE team Member)
(a)
_ (b)
(Signature of VE team member) (c)
(d)
(e)

Figure 14.5 : Sample Worksheet for Cost Matrix

Ongce the techniques of the information phase have been used to secure pertinent data, the
function phase of the job plan can be used.

14.6.3 Function Phase

Objectives

Functionat phase of the VE job plan has following two basic objectives :

(a)
(b)

To define the value problem by means of functional description.

To relate the functions to the cost and worth of providing then.

et e
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Key Questions ' Value Engineering
During this phase, the following key questions must be answered :
What does it do ?
What must it do ?
What is its function ?
' What is the cost/worth ratio ?
What are the needed requirements,?

The function phase takes the bulk of the time in VE study and includes identification of
functions, their categorisation as basic, secondary and unnecessary function(s), assigning
cost to the functions, their inter-relationship, cost-worth models and selection of high
potential functions for downstream study.

The determination of function is a prerequisite for all value studies. The decision to
pursue the project through the remaining phases of the VE job plan can be made by
determining function, placing a worth on each required function, and then comparing
worth against actual or estimated cost. The determination of function should take place as
soon as sufficient information is available to permit determination of true requirements.
Thereafter, the functions are categorised as basic and secondary functions.

After the functional description has been developed, the next step is to estimate the
designed cost and worth of performing each basic function. The worth (the lowest
possible cost to perform the function) determined will later be compared against the
estimate of the item cost. This comparison indicates whether the study should be
terminated because cost and worth are approximately equal or pursued because cost
greatly exceeds worth. Figure 14.6 gives a format of a worksheet used to perform the
functional analysis.

Project : FUNCTIONAL PHASE
:}Zﬁ‘f‘f'm ’ Functional Analysis carried out during
Date .: the Functional Phase
Sl. Description Function Kind Cost | Worth
No. Verb | Noun | B S
Action Verb Kind B = Basic Cost/Worth =
Measurable Noun S = Secondary
h Names of VE Team Members

{Name of VE team Member) )

(a -

(b)
(Signature of VE team member) 8))

(e)

Figure 14.6 : Sample Worksheet for Function Analysis

The two techniques of this phase form a major part of the functional approach. When

combined with the other techniques of the job plan, it produces a systematic approach

which is different and more productive than any other product improvement or cost -
effective approach. '

The two techniques of this phase are as under.
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(a) Define function : This is one of the most crucial stages in VE. The method of
functional analysis requires functions to be described with only two words. a
verb and a noun. By so restricting the functional specifications, clear
descriptions of the functions are possible. Concise function descriptions reduce
the possibility of a detailed elaboration.

The rules of function description are ;
(iy  Determine user’s need for a product or service.

(ii) Use only one verb and one noun. The verbshould answer the question,
“what does it do ?”. The noun should answer “what does it do )",
Wherever possible, noun should be measurable and verb should be
action oriented.

(iii) Avoid passive or indirect verbs.

(iv) Avoid goal-like words or phrases, such as improve, maximise,
minimise, oplimise etc.

(v) List a large number of two-word pairs and then select the best pair.

(b) Evaluate function relationship : This technique attempts to determine relative
importance of various functions. Through this technique a descending order of
importance of the functions is established alongwith the relative value of their
importance. :

A paired comparison methodology, called “nunerical evaluation technique™ to determine

the numerical vatue of various functions is very simple and effective to use. In this

technique, pairs of functions are compared and it is sought to determine which is more

important and wl.ether the degree of variation is major. medium or minor. Suppose. we

are comparing A with B. Then A-3 will mean that A is more important than B and there is

a major difference in their importance. B-1 would have meant that B is more important
nmn-1)

than A bul there is a minor difference only. This way a total number of s

compared and values entered in a cell if # functions are to be compared. Then the score is
obtained by adding all the numbers following a particular function. The function score
divided by the total score gives relative importance of that function.

pairs are

Functions description should be derived for the product and all its components. The
evaluation process also helps to find out whether it is a primary (basic) functions or a
secondary function. The basic function will have the highest score in the above
mentioned process of evaluation. The technique not only establishes the bastc il
secondary functions but also identities those functions which are present beciuuse of .
specifications and requirements or present design approach. Generally, a product or
component will have only one basic function and a number of secondary functions. If you
have more than one basic function, it must be a mere restatement of the other. :

Example 14.1

Some functional definitions are as follows :

Product Function
(a) Mirror Reflect light
(b) Light bulb Emit light
(¢) Screwdriver Transter torque

Identification of function(s) as basic or secondary is as follow :

(a) Foundation Support load Secondary
Resist load Secondary
Transfer load Basic

(b) Structural System Transmit load Basic
Distribute force Secondury
Assure reliability Secondary

14.6.4 Creativity Phase
Objective

The objective of creativity phase is to generate, by creative techniques. numerous
alternative means for accomplishing the basic function(s) identified.




Kev Questions
During this phase, the following question must be answered :
What else will do the job: perform the basic function(s) ?

The completeness and comprehensivenesss of the answer to this question determines to a
very high degree of effectiveness, the calibre of value work.

For accomplishment of this phase, the first step is to try answering the question, “what
else will do 7 This phase requires creativity to be the focal point. The purpose of this
phase is to generate numerous alternatives for providing item’s basic function(s) defined
in the previous phase by using problem solving or creative techniques. These additional
ideas not only increase the opportunity for cost saving, but also enhance optimum
solutions for design problems.

Creative techniques are used in this phase to foster an open atmosphere of frec flow of
information. ldeas brought forth being immediately recorded so that they will not be
forgotten. A positive mental approach should be adopted in developing ideas. Every
attempt should be made in this phase to depart from the ordinary patterns, typical
solutions and habitual methods. Analysis of idea should be avoided in this phase. All
ideas be recorded for achieving the functions regardless of specifications and
interchangeability. Emotional block, such as fear of making a mistake or of appearing
foolish, must be removed in order to maintain a positive approach (o creativity. The
foremost approach to creativity is the brain storming technique.

Two powerful techniques to promote creativity are as follows :

(a) Establish positive thinking : Here, we divorce the judicial part of the mind
from the creative part by insisting that we do not attempt to judge an idea
simultaneously when it is being created.

(b) Develop creative ideas : This is done by cultivating uninhibited thinking and
developing a multitude of ideas and approaches for accomplishing the defined
functions. The desired thing at this point is a large number of ideas, no matter
whether they look ridiculous. A number of check-lists and idea-stimulators
could be used for the purpose.

Figure 14.7 shows a creativity phase workshezt used in a VE study. The creative ideas are
listed in column 1 and 2. The creative idea listing is completed before analysing and
judging any of the creative ideas.

Project : CREATIVITY PHASE
Il-tg::nat'lon : Creative idea listing during the
Date .: Creativity Phase

Sl | Creative idea Advantages Disadvantages
No. ‘

(Don't evaluate ideas — ideas refinement later)
Names of VE Team Members

(Name of VE team Member)

{Signature of VE team member) (c)

Figure 14.7 : Sample Work<heet for Creativity Phase (Creative Ideas Listing)
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14.6.5 Analytical Phase
Objectives
Analytical phase of the VE job plan has tollowing two basic objectives
(a)  Toselect for further analysis, the most promising of the ideas gencrated during
the creativity phase. ‘
(b)  To submit these ideas to preliminary screening and to identify the meaningful
and feasible ideas.
Key Questions
During this phase, the following key questions must be answered :
What idea will perform the function 7
Will each perform the basic function ?

In this phase, the first step is to develop a set of evaluation criteria or standards by which
the ideas are to be judged. In developing these criteria. the team should try to anticipate
all etfects, repercussions and consequences that might occur in trying to accomplish a
solution. The resultant criteria should, in a sense, be a measure of sensitivity (o problems.

The analytical phase of the VE study is used to screen the ideas previously listed in the
creativity phase. As the judgement was suspended during the development of creative
ideas, it is in this phase that new ideas are analysed to see if they can be considered for
evaluation and recommendations resulting in enhanced value of the systen. The
advantages and disadvantages of cach of the creative ideas are listed in column 3 and 4 of
worksheet format given in Figure 14.7. The principal task in this phasc are 1o analyse,
refine, and cost analyse the ideas and to list feasible and meaningful alternatives in order
of descending saving potential.

During this phase, the idcas must be refined to meet the necessary environnental and
operating conditions of the particular situation. ldeas, obviously, do not meet these
requirements are dropped. Ideas having potential, but beyond the capability ol present
technology are put aside for possible discussion with the concerned parties. The
remaining ideas arc potentially workable and are cost analysed. Those showing
worthwhile savings are listed alongwith their potential advantages and disadvantages.
Advantages might be light weight, reusability, low cost etc. whereas the disadvantages
might be high maintenance, excessive construction time etc. ldeas whose advantages
overweigh the disadvautages and which indicate the greatest cost savings are selected for
further evaluation.

The emphasis on function in the analytical phase is what makes the VE approach
radically different from any other cost effective effort.

14.6.6 Evaluation Phase
Objectives
Evaluation phase of the VE job plan has following two basic objectives :

(a) Toevaluate (he screened feasible alternatives thoroughly to assure that the
highest value and significant savings are really being otfered.

(b) To formulate a work plan for converting the selected idea into a tangible
proposal.

The process involves not only detailed technical and economic testing but also an
assessment of the probability of successtul implementation.

Key Questions

During this phase, the following key questions must be answered about cach alternative
during the development of specific solutions :

What will work 7
Will it meet all necessary requirements ?
What are the implementation problems ?

What are the savings ?

In this phase, ideas are thoroughly researched, preliminary designs are prepared. sketches
of proposed solution arc prepared and lite cycle cost estimates are made of ortginal




design and of the proposed recommendations. This phase is an objective appraisal of the
lowest cost alternative methods of reliably performing the required function. The best
alternative idea(s) selected during evaluation phase are further developed into detailed
change proposals. Evaluation phase involves the following steps :

(a) assess the technical feasibility of each surviving alternative,

(b)  obtain firm information concerning each surviving alternative,

(c) sketch the original and proposed design,

(d) compare life cycle cost analysis,

(e) discuss the advantages and disadvantages of each recommendation, and
(f)  discuss the implications and requirements for implementation of the study.

The evaluation should be as objective as possible. There are also advantages while
evaluating creative ideas to see if one or more ideas may be combined for one
recommendation. The potential for cost savings for each of the ideas should also be

evaluated. Some of the criteria, often used to evaluate creative ideas. might be as follows :

(a) Other obvious cost benefits to the recomimendation,
(b)  Does the proposed idea meet the required functional requirement ?
(c) Is the new idea reliable ?
(d) Are the original design requirements excessive ?
(e) Tmpacton the design and construction schedule of the project.
() Is there improvement over the original design ?
(g) Has the proposed design been used in the past ?
(h) Does the idea materially affect the aesthetics of the building or project ?

This phase of the job plan together with its supporting techniques must be undertaken
with both care and diligence, for it is here that the judicial part of the mind is brought into
active use. There are four techniques associated with this phase :

(a) Refine and combine ideas : The idea must be practicable and to make them so
we 1nay have to refine an idea or combine two or more than two ideas.

(b) Establish cost on all ideas : As an idea or combination of ideas is being
refined, an estimated cost should be calculated. What are the potential costs of
implementing the idea and what are the resultant savings implied ?

(¢) Develop function alternatives : This makes further use of the information
developed in the evaluation of functional relationship to mould the 1nd1v1dual
functional solutions into total solutions.

* (d) Evaluate by comparison : When these rough total solutions and their related
) estimates of costs have been established they are compared to determine which
one will provide the greatest \>alue advantages.

The challenge of evaluation phase is tt}zmalyse all proposals and then select Lhe best
solution. At this stage in the VE system, we commonly face with a new kind of decision
problem. We develop several optional solutions to the same problem. Now the question

is, which is the best ? N
N

The evaluation of value alternatives may have to be done on multiplicity of attributes —
both tangible and intangible. The decision matrix approach can be a very effective way of
multi-criteria evaluation. Here, each criterion is assigned a relative importance and a
normalised value score is allocated to each alternative on each attribute. The total
weighted score is obtained for each alternative and the greatest score determines the
preferred alternative.

14.6.7 Recommendation Phase

.Objectives ;

Recommendation phase of the VE job plan has following two basic objectives :
(a) Takubmit the proposals with benefits and\‘ drawbacks.

(b) To present a plan of action that will ensure proper implementation of the
selected alternative.

Value Engineering
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Introduction to Project The recommendation phase, sometimes, called the programme planning and reporting 1
Management phase, is the final step in the VE job plan. During this phase, following three things must {
be accomplished :

(a) The VE teain must thoroughly review all alternate solutions being prepared o
assure that the highest value and significant savings are really being oflerced.

- (b) A sound proposal must be made to management. The team must consider not
only to whom it must propose, but also how to propose the solutions most
effectively.

(c) The team must present a plan for proper implementation of the proposal.

A Value Engineering Proposal (VEP) is almost without fail a challenge to srarus quo and
is recommended for beneficial change. The efforts in recommendation to final acceptance
is long and hard. Unless the idea is-accepted, the net result is zero. The real success of VE
team study is measured by the savings and improvements achieved trom implemented
proposals. Presenting a proposal and then guiding it to implementation, often requires
more efforts than its actual generation,

The presentation of the recommendation must be concise, factual, accurate and presented
in such a style so as to create a desire on the part of those responsible to implement the
change. A sample of worksheet given in Figure 14.8, for the development and
recommendation phase, is used as an outline for presentation of VE reconmunendations.

Project : RECOMMENDATION PHASE
Location :

Item ; Form for submitting VE proposal in
Date : Recommendation Phase

(a) Original Concept (Attach sketch where applicable)

(b) Proposed Change (Attach sketch where applicable)

(c) Remarks

LIFE CYCLE COST SUMMARY | CAPITAL o&M TOTAL

Initial Cost — Original
Proposed
— Savings

Annual Cost — Original
Proposed
— Savings

Present Worth — Annual
Savings

Names of VE Team Members
(Name of VE team Member) (@)
(b)
(Signature of VE team member) gg;
} (e)
| / Figure 14.8 : Sample Worksheet for Recommendation Analysis

Since, this is the final phase of the job plan in which the finally selected value alternative
is recommended for acceptance and implementation, it is vital in the sense that the entire
58 project of conducting VE would succeed only if the recommendation is accepted. Many a .




time the acceptance of the suggested alternative depends upon the way it is presented to
the management. The two techniques associated with this phase are :

(a) Present facts : Facts usually speak for themselves.

(b) Motivate positive action : The presentation of accurate, specific and detailed
facts and costs will motivate positive action. This technique requires the
follow-up to make sure that the action is taken for idea implementation.

The presentation of facts can be either verbal or wrilten in standard format or in
combined form. The combined strategy is the best. The final recommendation need not
contain all the data but should contain sufficient information to enable decision makers to
find the course of action to be taken.

14.6.8 Other Variants of VE Job Plan

Some other variailts of the job plan described in Sections 14.6.2 to 14.6.7, have also been
reported but by and large the procedures are all similar in their approach. Table 14.1 shows

the sequence of phases of different job plans given by some leading VE experts/practitioners
and agencies/societies exercising VE techniques. These are self-explanatory and hence, need

not be elaborated.

Table 14.1 : VE Job Plans from Different Experts/Societies

Trufty (1983)
(7 Phases)

Venkataramanan (1992) .
(10 Phases)

Mudge (1971)
(7 Phases)

() Information Phase

(2) Speculation Phase

(3) Analysis Phase

(4) Development Phase
(5) Presentation Phase
(6) Implementation Phase
(7) Follow-up Phase

(1) Project Selection Phase
(2) Information Phase

(3) Function Phase

(4) Creative Phase

(5) Analytical Phase

(6) Evaluation Phase

(7) Recommendation Phase
(8) Implementation Phase
(9) Review Phase

(10) Extension Phase

(1) General Phase

(2) Information Phase

(3) Function Phase

(4) Creation Phase

(5) Evaluation Phase

(6) Investigation Phase

(7) Recommendation Phase

Dell’isola (1974)
(4 Phases)

Zimmerman (1988)
(5 Phases)

Miles (1972)
(5 Phases)

(1) Information Phase
(2) Speculation Phase
(3) Analytical Phase
(4) Proposal Phase

(1) Information Phase

(2) Creative Phase

(3) Judgement Phase

(4 I)ev'elopment Phase

(5) Recommendation Phase

(1) Information Phase

(2) Funetional Analysis Phase
(3) Creation Phase

(4) Judgement Phase

(5) Development Phase

US Environment
Protection Agencies
(6 Phases)

Society of American
Value Engineers
(5 Phases)

Society of Indian
Value Management
(6 Phases)

(1) Information Phase

(2) Creative Phase

(3) Analytical Phase

(4) Investigation Phase

(5) Recommendation Phase
(6) Implementation Phase

(1) Information Phase
(2) Creative Phase

(3) Evaluation Phase
(4) Development Phase
(5) Presentation Phase

(1) Information Phase

(2) Function Phase

(3) Creative Phase

(4) Evaluation Phase

(5) Investigation Phase

(6) Recommendation Phase

SAQ3

(a) Write an essay on how to organisc value engineering study in construction

industry.

(b) “Value Engineering is more of a human relations, team building and

motivation program than anything else.” Explain.

n
Nal
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SAQ4

(a) Identify the basic and secondary tunctions of an exterior wall in a building and
arrange them in a descending order of importance.

(b)  Suppose the five attributes are identified to evaluate a value alternative, i.e.
initial cost; functional performance:; reliability and maintainability: product
appearance; and dependence on supplier.

Use numerical evaluation technique of paired comparison approach to
determine the relative importance of these attributes.

14.7 FAST DIAGRAMMING

FAST (Functional Analysis Systems Technique) was developed by Charles W. Byvtheway in
1965. FAST is a method of stimulating organised thinking about any subject by asking some
thought provoking questions. The FAST diagram is a horizontal graphical display based on
system functions rather than system flow-charting of components. It visually represents the
relationships of functions performed by a product, service or system and identifies where
the functions Have the greatest on cost. I is useful in determining the function
interrelationship in analysing an entire systein and gives a better understanding of the
interaction of function and cost. FAST is like a network diagram. The steps involved in
constructing the FAST diagram are as follows :

(a) Prepare alist of all functions of the product using verb and noun (echnique of
functional analysis. -

(b)  Write each function on a small card. Select the card pertaining (o basic
function. Determine the position of the next higher and lower [unction hy
answering following logical questions :

How is this function accomplished ?
Why is this function performed ?
When is this function performed ?

A critical function path may result from the logic sequence of the basic and secondary
functions. It is composed of only those functions that must be performed to accomplish the
functions. The FAST diagrams are usually bounded on both ends by the scope lines which
delineate the limits of responsibility of the study. For example, if one is value analysing an
overhead projector, the FAST diagram will be expanded up to the point where current is
conducted to the device. “Generate electricity” is outside the scope of the study.

In performing function identification, it is urged that a function be identified so as not to
Iimit the ways in which it could be performed. For example, consider an operation of
fastening a simple nameplate on a piece of equipment. Rather than identifying the function
“screw nameplate”, the function would be better identified as “label equipment’. since
attaching a nameplate with screws in only one of many ways of doing the task. Nameplates

‘can be riveted, welded, bung, cemented or wired in place.

This shift in thought and point of view is a change in level of indenture. FAST disgramming
forces one to identify function in the broadest possible terms, thereby providing the greatest
potential for value improvements, by leaving greater freedom for creativity in developing
alternatives. Further, this tends to overcome any preconceived ideas of the manner by which
the function is to be accomplished.

The FAST diagramming is process used in creating the diagram of functional relationship.
Two groups developing FAST diagram need not always develop identical diagrams. There is
no such thing as a “right” or perfect school book solution that each diagrammer should be
able to create. Yet, if the diagram logic is logical to diagrammer. it will normally. be logical
to a reviewer. FAST diagram serves the tollowing purposes :

(a) It helps in organising random listing of function. When answermg (he
questions; What is it 7, What does it do 7, What must it do 7, the study (cam
develops many verb-noun function solutions at all levels of indenture. which
the FAST diagram can help sort out and interrelate.




(b) 1t helps check for mjssi;lg function. Value Engineering
(¢) Itaids in the identitication of basic function or scope of the study.

(d) Itdemonstrates that the task team has completely analysed the subject.

(e) Ittests the functions through the system of determinate logic.

(f) It aids in developing mor'e creative valid alternatives.

(g) Itis quite helpful in “selling” the resulting changes to the decision makers.

Usually, only two FAST diagrams are of interest — the diagram that represents an existing

plan, program or design, and the diagram that represents the proposed concept. When
diagramming something that exists, be sure not to slip off on a tangent and include

" alternatives and choices that da not exist in the existing system.

When using a FAST diagram restrict yourself to a specific concept, otherwise the answers
you create in diagramming become meaningless. The “method selected” to perform a
function brings many other functions into existence. Therefore, creation of several FAST
diagrams during system design is a probable necessity. '

The choice of the level of detail of functions to be used in the FAST diagram is entirely
dependent on the purpose for which it is to be used, and to whom it will be presented. In
every FAST diagram, we must determine the reason for constructing it. During FAST .
diagramming, it is important to involve every member of the team in the functional
discussion. A good method of involving each member is to complete the Function
Worksheet given in Figure 14.9.

FUNCTION PHASE FUNCTION WORKSHEET
STUDY :
Why ? Function | How ?

Figure 14.9 > Function Worksheet

This is done by inserting all of the key functions generated during the function identification
effort into the centre blocks of the worksheet. Then each member of the team should express
his/or her opinion of how and why each of the functions is performed or should be
performed. One should at least attempt to express something, someone else has said in a
different manner. This stating and restating of a function in terms of a verb and a noun
frequently causes someone in the group to recall experiences related to the subject being
analysed. Hitchhiking on another’s idea should be encouraged throughout the entire FAST
diagramming activity.

14.7.1 Procedures

Summarised below is the procedure for determining where to place functions on the
FAST diagram :

Functions which are Shown Vertically in the Diagram

Functions which do not have a time sequence relationship, should be shown below,
or in some cases above, a particular function in a horizontal chain of functions.
These are functions which occur either simultaneously or all the time and are
called concurrent supporting functions. These funetions can be required secondary
functions, aesthetic functions, or unwanted functions.

If the function happens at the same time and explains or elaborates on some
function in the horizontal chain of functions, it should be placed below the
horizontal path function.

If the function happens all the time, such as an aesthetic function, it should be
placed above the horizontal path function at the extreme right of the diagram.

If there are specific design objectives Lo be kept in mind as the FAST diagram is
constructed, they should be placed above the basic function and shown in dotted
boxes. '
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Use two vertical, dashed lines — one to the extreme left and one to the extreme .

right of the diagram. Everything that lies between the two scope lines is defined as
the problem under study. If the VE study is to be concentrated in a more limited 7
area, the vertical dashed scope lines should be drawn closer together and should i
enclose just the functions of interest. These functions will normally include a
particular function having high cost or high cost/worth ratio, together with the
really important supporting function.

The higher order function, or desired output, will lie to the inumediate lett of the
feft scope line.

The basic function will always lie to the immediate right of the left scope line.

Somewhere in the horizontal chain of functions extending to the right in the HOW
direction across the diagram is a particular function which is supplying input, but
which is not really a part of the problem being studied. In this case, the right scope
line should be drawn to the immediate left of this particular input function. Moving
the left scope line from left to right. lowers the level of indenture of the problem to 4
be studied. This basic function to be studied shifts as it always lies to the

immediate right of the left scope line. Locating the right scope line determines the
assuniptions and “givens” you are willing to accept before starting the study.

Location of both scope lines is also subject to the point of view of the owuner or

user of the problem.

How ——:__ _ ~+—— Why
| r L1 )
Why | | Design | i
i | Objective | . | .
| [ Functions
that happen ! ,
! : ™ Deven | all the time :
| i | Criteria | |
| |
Higher ! . . . . I
Order 1 BBSIF Sequeqtml Sequential Sequential | Lower Order
Function : Function Function Function l Function | Function
i |
1 '
| Concurrentor s |
| L—— Synonymous Fuppt_)rt I
| Functions unction |
| |
| |
: Concurrentor s al l
| Synonymous Fequeqna '
| Functions Hinction ‘ !
| |
!————————-Scope of Problem Under Study———]l 1 »:3‘_
IL_— Higher Order Scope Line ) l i

I Lower Order Scope Line -——.]I
How Why
Function Function
Purify Water Remove Pollutants
Higher Order Lower Order
Critical Path Functions =~ —————— Support Functions

Figure 14.10 : Ground Rules — Functional Analysis Systems Technique (FAST) Diagram

A FAST diagram, as first constructed, may not completely comply with HOW and WHY
logic. This is because it takes additional thinking to get everything to agree. However,
when the HOW and WHY logic is not satisfied, it suggests that either a function is
missing or the function under investigation is a supporting function and not on the critical
path. The only reason for extensive function analysis is to correct our ignoraunce factor.
Once, we have performed an extensive function analysis on a given topic. we can quickly
see, that the only reason a lower level function has to be performed, is because a higher
level function caused it to come into being. Essentially, whenever we establish these
- functional relationships, presented by a FAST diagrain, we correct our ignorance factor
and open the door to greater creativity.
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SAQ 5 - / N Value Engineering

What is FAST diagramming ? For what purpose, it is used ? Discuss. the; ground
rules for constructing a FAST diagram.

14.8 CREATIVITY

K Creativity is the development of ideas new to the individual, not necessarily new to
someone else. It is the one basic element in the value methodology that singles out effective
VE performance by bringing one closer to the attainment of optimum value. It takes
creativity to discover alternate designs, methods, systems or processes that will accomplish
the basic functions that need to be performed. In organisational context individuals and
groups must create but on schedule. This challenge seems overwhelming. Fortunately,
innate creative ability can be developed and improved through training and practice.

There are two general approaches to problem solving — the analytical and the creative. An
analytical problemi is one that frequently has only one solution that will work. “Find the
cause of the failure” is an analytical problem. One pursues the problem through a
progression of suppositions to be proved or disproved by experimentations and tests until
the problem is successfully narrowed to a cause for each failure. Once the cause is
ascertained, that problem is solved.

The creative approach is appropriate when there appears to be either no solution or more
than one solution to a particular problem. The creative approach is an idea-producing

" process specifically intended to generate a number of solutions, any of which will solve the
problem at hand. Although all solutions will work, one is the optimum among them.

The creative process is a mental process in which past experience is combined and
recombined (frequently with some distortion) to form a new combination which will satisfy
some needs eventually. The creative process is that process which the mind normally
follows in seeking a solution.

It involves the following steps :

ORIENTATION . Defining the problem to be solved and selecting the
approach that should be taken to solve it.

PREPARATION : Information gathering and fact-finding.

IDEATION : Production of alternative solution to the problem.

INCUBATION . Sorting and combining the information, and slowing the
pace to invite illumination.

SYNTHESIS : Bringing all the ideas together into a complete whole.

VERIFICATION . Evaluation of the proposed solution or resulting ideas.

There are a number of creativity techniques available for problem-solving situations. The
ground rules to be followed when using a specific creative technique are as follows :

(a) Do not attempt to generate new ideas, and to judge them at the same time.
Separate these aspects by time, by place, and by different personnel, if possible.

(b) Generate a large quantity of possible solutions. As a goal, multiply the number
of ideas produced in the first rush of thinking by 5 oreven 10.

(¢) Seek a wide variety of solutions that represent a broad spectrum of attacks
upon the problem. :

(d) ‘Watch for opportunities to combine or improve ideas as they are generated. Be
careful, however, not to judge ideas when doing this — just hitch-hick on them.

(e) Before closing the book on possible solutions, allow for subconscious
~operation on the problem while consciously performing other tasks.

(f) _ Consider all ideas, even the most impractical. Do not ridicule any idea. A
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149 THE BRAINSTORMING TECHNIQUES

Brainstorming 1s a problem-solving conference method used most often in VE. It is based
upon the stimulation of one person’s mind by another’s. An average brainstorning session
consists of a groun of 4 to 6 people sitting around a table and spontancously producing ideas
designed to solve a specitic problem.

Prior to opening the session, the group leader will set the stage by reviewing the following
group brainstorming rules: *

(a) CRITICISM IS RULED OUT -- Adverse judgement of ideas mus! be withheld
until later. No criticism by word of mouth, tone of voice. shrug of shoulders, or
any other method of indicating rcjectionis allowed. [tis up to the group Ieader
to actively stop criticism. Some leaders have been known to ring a bell when a
judicial statement is made during an idea producing session.

(b) FREE-WHEELING IS WELCOMED - The wider the idea, the hetter, it s
easier to tame down than to think up.

(¢) QUANTITY OF IDEAS IS WANTED. NOT QUALITY - The greater the
number of ideas, the more the likelihood of a winner.

(d) COMBINATION AND IMPROVEMENT ARE SOUGHT — In addition to
contributing ideas of their own, participants should suggest how ideas ot others
can be turned into better ideas, or how two or more ideas can be joined mto
still another idea.

The group leader opens the brainstorming session by posing a problem expressed inn
function language. In brainstorming, 1t is important to list all ideas. Durimy the sesston.
when general ideas are given, it is proper for the leader to ask creative questions which
evolve more specitic ideas.

The Gordon Technique

This technique is closely related to brainstorming, in that it is a group conlerence
method in which an unevaluated free-flowing discussion is encouraged. Butin its
pure form, there is one basic difference. No one, except the group leader, knows
the exact nature of the problem under consideration. One of the priucipal reason
tor keeping the rest of the group in the dark, so to speak. is to avoid i solution
arrived at too soon”.

The first and most ditficult step in running a session of this type is selecting the
topic for discussion. The subject must be closely related to the problem at hand,
but its exact nature must under no circumstances be revealed. Usually. tlns subject
will be a physical principle which is related to the problem that must be solved.
For example, if the problem is of seeking solutions ol parking problem ol a large
city, the group leader might have the group discussing ways to “store thigs™

The Checklisting T;echnique_

A checklist is an accumulation of points, areas or possibilities serving 10 provide
ideas — clues or leads, when checked (or compared) against the problem ar subject
under consideration.

In this technique, the objective is to obtain a number of ideas for further tollow-up
and development. It is one of the most commonly used aids in the scarch for new
1deas.

Checklists are aimed at solving some specific problem. They help our taulty
menwory. They make sure we have checked those steps which have been
successfully used to solve certain types of problems in the past. However. care
must be taken to questions open-ended, or else they become a surc-hre way o go
wrong with confidence.

VE’s most tamous checklist is as foHows :
What is it 7
What does it cost ?
What dose it do ?
What else will do the job™ -
What does that cost ?



14.10 SOME CASE STUDIES IN VE Volue Engineering

Value Engineering has been very extensively applied in product design, systems and
procedures and a very large number of case studies hiave been reported in books and
journals on VE. In many of these case studies, large amounts of savings have been
reported. In Indian industries, VE applications have been reported from TISCO, Hero
Honda, Escorts, TELC(Q), Kelvinator, Indian Railways and other units in Public and
Private sectors. It is also known to have been applied in Indian Army and Navy.

Some very simple case illustrations are as follows :

(a) Problem : Make design changes to reduce the construction cost in a large
garage for a trucking firm.

Function : Protect trucks

(reneral explanations and solutions : Company management had drawn plans
to construct a large garage complex for its fleet of trucks. The Value Analysis
pointed out that trucks were on road on an average of 20 out of 24 hours. What
was really needed was a large parking area and a small maintenance building.

(b) Problem : Reduce the number of guards by combining entrances to classified
areas. ' '
TFFunction : Monitor doors
General explanations and sohutions : 1t was difficult to reduce the number of
doors to the classitied areas. However, it was tound that each guard could

monitor and control two entrance doors by using close-circuit television
(CCTV) and electric door locks.

(¢) Problem : Reduce the manufacturing cost of gasoline tanks for the landing
aircrafts.
Function : Hold gasoline

(xeneral explanations and solutions : Initial design was inherently very
costly. 1t was discovered that standard 55 gallon steel drums could be easily
modified, coated and used.

14.11 BEHAVIOURAL AND ORGANISATIONAL ASPECTS
OF VALUE ENGINEERING

Basic foundation of VE structured around the effective use of people in teams. If team
work is not properly harnessed it may not achieve major cost reductions. Some problems
and roadblocks that are commonly encountered in the VE process are as tfollows :

(a) Individuals involved in VE usually have other jobs and are already busy.

(b) Teams may be mherently conservative, non-coherent and may avoid decisions
and waste time.

(¢)  Individual members of the team may have vested interests in resisting changes.

The success of VE study is enhanced if organisational and behavioural aspects are
considered early in VE process. Hence, the importance of the general orientation phase of
the VE job plan cannot be ignored. Some of the important factors towards the '
organisation and decision making in VE are as follows :

(a)  Organising for VE : Organising of VE function itself is very important. There
are many alternative ways of doing it and there are many questions to be
answered. Size, composition, level of participation, leadership are some of the
relevant issues. VE may be organised as a team of multi-disciplinary areas
coordinated by a value engineer/industrial engineer. It may be an independent
cell in staff level or it may be visualised as a philosophy-conditioning of mind
so that every individual be trained to be value conscious so that it gets retlected
in his decisions and attitudes towards problem solving. The right choice is
contingent upon various situational parameters.

(b) Decision Making : How are decisions to be made in a teamn ? What are the
external influences ? What are the processes of approval 7 Are there some

relevant 1ssues that must be debated in the early stage of VE process ? 6




InreductiontoProieet 14 12 BENEFITS OF VALUE ENGINEERING

Management

Value Engineering helps in improving efficiency as well as effectiveness of products,
systems and procedures. In general, Value Engineering

. enables people to pinpoint areas that need attention and improvement.
»  provides a method of generating ideas and alternatives for possible solution to
a problem,
. provides a means of evaluating alternatives including intangible factors,
. provides a vehicle for dialogue,
. documents the rationale behind decisions, and
. materially improves the value of goods and services.

In conclusion, it must be re-emphasised that VE/VA is an extremely powerful
- ‘methodology for cost effectiveness and value improvement and is becoming more and
more popular. It is applicable to all areas, i.e. hardware, products, services, systeins or
_ procedures, and in all functional processes like purchasing, designing, producing,
i packaging, physical handling and distribution.

14.13 SUMMARY

Value Engineering/Value Analysis is a systematic and organised effort to identity the
functions of a product, system or procedure and to attain that function with minimum cost
without jeopardising quality, aesthetics, appearance etc. The systematic procedure is
known as VE job plan. Besides general orientation phase, its usual phases include
information, function, creation, analysis, evaluation, and recommendation. Each phase
has a set of techniques associated with it. FAST diagram is another powerful technique
for VE. Other important techniques are functional analysis, function-cost matrix, paired
comparison and decision matrix. Value Engineering requires a good team spirit and an
effective organisation. Benefits of VE in cost reduction and value improvement are
tremendous. It is equally applicable to hardware and software projects.

14.14 ANSWERS TO SAQs

Refer the relevant preceding text in the unit or other useful books on the topic listed in
the section “Further Reading” to get the answers of the SAQs.
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