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Value Engineering in the Pennsylvania Department of 

Transportation 

RICHARD N. COCHRANE AND ALFRED F. LYNG 

The Pennsylvania Department of Transportation's value engineering (VE) pro
gram is presented. How the program started, how it is now administered, and 
the accomplishments are described. The program has achieved significant sav
ings of more than $10 million per year. Recommendations are aimed at agen· 
cies beginning a VE program. 

Although it is common knowledge , it bears repeating 
that transportation and highway agencies throughout 
the country are trapped between inflation and re
duced revenues. Many avenues are being investigated 
to reduce costs . Many agencies are i ns t i tu ting 
cos t-reduct ion programs. Some of these programs 
reduce s t a nda.rds , reduce t he size of projects , or 
otherwise reduce the per f o rmance of h i ghway and 
transportation projects. There is, however, another 
way t o r educe costs , c alled va lue e ngineering (VE) • 
For about 40 years , VE ha s been r e cognized a s a way 
to r educe cos ts without reduc ing perfo rmance . 

VE, value analysis (VA), and other similar terms 
describe (!., p. 9) "an organized action system, at
tuned to one spec i.fic need: accomplishing the func
tion that the customer needs a nd wants." VE im
proves qua lity , but i t i s more than a q ua lity 
contro l syst em. VE i s, a t i t s most basic level , an 
o rgani zed p r ocess t ha t e nsure s t hat a produc t meets 
i ts neces s a r y fu nc t ion wi thout waste a nd without 
extras. 

VE is defined by the Society of American Value 
Engineer ing as the systemat i c application of recog
nized techniques that identi fy the function of a 
product or service, establish a value for that func
t ion, and prov i de the necessa r y function rel i a bly at 
lowest overall cost . VF. is , above all else , sys tem
a t ic , By us ing a s et, we ll- devel o ped procedu re , the 
VE practit i one r c a n a na l yze t he f unction of a n ac
tiv i ty o r p r o j ect and reduce the cost , improve the 
qua l ity, o r both . 

HISTORY 

VA was developed as a specific procedure after World 
Wa r II. Du r ing the war, the Ge ne ral Elec t r ic Cor po
r a tion discovered t ha t wart i me s hor t age s requir ed 
subs titute designs and materials that o f ten res ulted 
in improved performance at a lower cost. In 1947 
Lawrence Miles, a staff engineer with General Elec
tric, was a ssigned to develop this obs erved phenome
non into an organized ac tiv i ty tha t could be applied 
throughout the compa ny. The proces s bec ame known as 
value analysis and was slowly accepted as a valuable 
tool. 

VA was applied to many manufacturing activities 
and later to construction projects. The U.S. De
partment of Defense (DoD) was one of the first gov
ernment agencies to apply VA to ma j or construction 
projects: VA was applied to shipbuildi ng and renamed 
VE. VE has since been applied to many ooo ac
tivities. 

FHWA has promoted VE for more than 5 years, in 
which time FHWA, through the National Highway Insti
tute, has sponsored more than 70 VE workshops in 
some 40 states. Unde r the program the age ncy has 
trained mor e than ], , 500 highway profess i onals and 
technicians in the discipline and techniques of VE. 
An indication of the support for and the worth of VB 
was evident in the Federal Highway Act of 1982, 

which requires VE on all projects with a construc
tion cost of more than $2 million. 

The Pennsylvania Department of Transportation 
(PennDOT) has been using VE since early 1979. At 
that time a single project, the relocation of US-30 
near Everett, Pennsylvania, was chosen for a VE 
study. 

This pro ject was a 100 percent f ederally funded 
demonstration to show how fast a pro j ec t could move 
from concept to completion. It was selected for the 
demonstration because of the adverse effects of 
another federal project (the Raystown Dam) on the 
local highway system. 

At the time the e s t imated cost f o r the project 
was fast approach ing a $.25 mill i on c e il i ng imposed 
by Congress . Almost in de speration, FHWA selec t ed 
VE as the method of reducing the cost of the proj
ect. Although it was a back-door approach, this 
project made many realize that VE could save money 
without loss of performance. 

A VE team was assembled made up of representa
tives of FHWA, the design consultant, and PennDOT. 
The team identified about $750,000 in sav i ngs . Al
though not all of the recommended cha nges were 
carried out, the results of t ha t pilot study were 
favorable and a VE program was born . 

Soon af t er the VE e.,f fort on the Everett Bypass, 
FHWA sponsored the f irst VE conference for state 
highway officials. The conference, held in New 
Orleans in 1980, was to begin the federal emphasis 
of VE in highway design and construction and 
launched many state efforts into VE. There are now 
at least eight states that have active VE highway 
programs: Pennsylva nia , Florida, California, and 
Minnesota are among the most prom inent. 

PENNSYLVANIA'S VE PROGRAM 

Ge neral Philos ophi e s 

Two general philosophies guided the VE program in 
PennOOT. The department has adopted a multidisci
plinary approach to VE and has decentralized the 
program, relying heavily on the district offices. 
The multidisciplinary, or matrix-management, ap
proach is vital to the success of a VE program. 
Varying backgrounds and expertise bring a variety of 
new ideas to bear on VE studies. VE teams have con
sisted of environmentalists, urban planners, and 
even lawyers as well as an assortment of highway 
designers and engineers. Those who have no direct 
involvement often bring a fresh viewpoint to the 
problem, ask 'ing the questions that highway special
ists do not th i nk to ask. 

The other guiding philosophy is decentraliza
tion. PennDOT i s d i vided i nto 11 eng i neering dis
tr i c t s, each res ponsibl e f or the highways in a geo
graphic area. The d i stricts are decent ralized, in 
that each district is s omewhat autonomous in design, 
maintenance, and cons t ruction. There f ore, the dis
tricts were given the res ponsibility of actually 
performing the VE studies under the guidance of a 
district VE coordinator. Not only is this in line 
with the general philosophy of decentraliza t i on, but 
it also eliminates the stumbling block that often 
exists when ideas and changes are directed from a 
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central office. The districts originate the ideas 
and they have a stake in making them work. 

Although the program is decentralized, there is a 

sibility of ensuring that the program is successful, 
that the districts follow the general policies, and 
that the districts work at keeping the program 
vital. In Pennsylvania the coordinator is a staff 
position at a fairly high level, so that top manage
ment support is fully given to the program. It can
not be repeated often enough that top management 
support is essential to the success of VE. 

Program Characteristics 

The first administrative step in starting the pro
gram was the assignment of a VE coora · nator in each 
engineer ing district. This i s not a full - time posi
tion but an a.ssignment to an engineer i n an estab-
1 ishf!d pos i tion , The rli,atricts were permitted to 
assign their own VE coordinators, but they were en
couraged to assign those who were known to be cre
ative and who were not locked into traditional ways 
of thought. 

The district VE coordinator is responsible for 
the successful VE program at the district level. 
The coordinator works with the design chief to se
lect projects that are good candidates for VE stud
ies, ussign~ the \7E team, and schedul~s thP ~tudy. 
The coordinator i~ responsible for training district 
staff in VE principles and practices. He is also 
responsible for following construction VE proposals 
to ensure their timely review. 

To have a pool of those qualified to take part in 
VE studies and particularly to have qualified VE 
coordinators, it is necessary to have an aggressive 
training program. Three times PennDOT has taken 
advantage of the federally sponsored workshops to 
train about 50 people. The workshops are a 40-hr 
course taught by a certified value specialist 
(CVS). Anyone with VE responsibilities should at
tend at least one workshop. 

Whenever possible, actual projects should be 
studied. In this way the students feel that they 
are contributing to the program and to the savings 
rather than just doing an exercise. In addition, 
the savings that result from a workshop can be from 
10 to 100 times the payroll costs of the workshop. 
In Pennsylvania, more than $1 million has been saved 
in a single workshop. 

The department has, through the workshops, built 
up a pool of about 50 who are qualified to lead VE 
efforts, and a larger pool has been established by 
introducing new people to VE through a VE study. 
Each VE team usually includes one person who has not 
been exposed to VE and who thus is in an on-the-job 
training program. 

VE POLICY 

PennDOT policy is to submit all projects with an 
estimated construction cost of more than $1 million 
and 10 percent of all projects with a lesser value 
to the VE study. VE projects are chosen fairly sys
tematically by using the principles of Pareto's dis
tribution. 

Pareto's law of distribution states that in any 
region, a small number of elements (20 percent) con
tain a greater percentage (80 percent) of the 
costs. VE takes advantage of this principle, not 
only for individual studies but for project selec
tion as well. 

Large projects with complex features, such as 
construction of new bridges and expressways, bridge 
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rehabilitation, and major reconstruction, are stud
ied first. The more complicated the project, the 
greater the chance for major savings. Likewise , the 
gr<>;,t:pr t:h<> cost of the proiect, the greater the 
chance for large savings. 

VE is done in the engineering district by a mul
tidisciplinary team. The team conducts an intensive 
study, usually for 3 or 4 days without interrup
tion. It is important that the team m~mberR be 
totally committed to the study for its duration. 
Interruptions, other work activities, and so forth, 
can destroy the effectiveness of the team. An im
portant element of a VE study for a highway project 
is a field view of the project site. 

Team members are chosen carefully from various 
disciplines, including nonengineering staff, and 
should be creative thinkers who are not devoted to 
only traditional ways of thinking. The team must 
not include the original designer. The designer is 
used as a resource during the investigation, but the 
designer naturally wants to defend his design and 
seldom has a truly open mind with respect to his own 
project. The team selects a chairman and a re
corder, who prepare a report at the end of the 
study. An oral presentation to decision makers is 
recommended. 

VE studies are done by district staff in the dis
trict office. ~.lthcugh this may restrict creative 
thinking somewhat, because the department team mem
bers may have a natural inclination to defend a de
sign developed in their district, this policy in
creases the acceptance of those changes proposed. 
The district decision makers do not feel that the 
changes are coming from an isolated central office 
and appear to feel less threatened by them. 

Construction 

The department also has a contractor VE program, 
modeled after the U.S. Corps of Engineers program. 
This is administered through a VE incentive clause 
in construction contracts. 

Contractors are encouraged to submit VE pro
posals. If a proposal is determined to provide 
equal performance at lower cost, the savings that 
result are split equally between the contractor and 
the department. This results in savings for the 
department and an additional project for the con
tractor and often results in ideas that can be used 
on future projects where the department can get the 
total savings. There is no limit to the savings 
paid to the contractor. 

An important element of a construction VE program 
is speed. Contractors' proposa.ls must be reviewed 
.quickly. Contractocs are usually on tight sched
ules, and if a proposal is dela yed, it may as well 
not be submitted. 

This does not mean that the review should be com
promised. Contractor proposals must meet all of the 
requirements for a change order. All pr ices and 
quantities must be justified, and the final savings 
depend on the final quantities. 

A construction VE program offers a way for an 
agency to start a VE program quickly; the only ef
fort required is writing a specification and evalu
ating the contractors' proposals that are received. 
The actual studies are then done by the contractor. 

ACCOMPLISHMENTS 

Table 1 shows the total savings for each year of the 
VE program since its beginning. The savings have 
been substantial, and yet the manpower cost is min
imal. The estimated manpower cost since 1979 is 
less than $100,000. The figures shown for construc
tion savings , are the department's savings; they 

.. 
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Table 1. VE summary. 

Item 

Esti mated design savings . 
Cons truction savings 

Total 

Savings ($000s) 

1979-1980 

9,838 
__ o_ 
9,838 

1980-1981 

l l,749 
_l__,__ill_ 

12,927 

1981 - 1982 

l l ,24 1 
___11Q_ 

11,4 61 

Note: Nu mber of VE studies is as follows : 1979-1980, 12; 1980- 1981, 60; 
198 1-1982, 60. 

should be doubled to show the construction cost re
duction. 

A VE program is not without its problems. There 
are the usual problems of acceptance of a new pro
gram, especially one the purpose of which is to 
question established ways of thinking and to ques
tion the work of designers. This can be overcome by 
good top management support of the program. Without 
top-level support a VE program will not succeed. 
With top-level support it has a fair chance of suc
cess. Pennsylvania has been fortunate, because 
Thomas Larson, Secretary of Transportation, is a 
strong supporter of VE and is conunitted to making 
the program work. 

Another serious problem is acceptance of the pro
gram by contractors. Many delays have arisen in 
PennOOT' s construction program because of arguments 
over prices and costs in a contractor's proposal. A 
contractor's education program is being planned that 
will describe the steps that a contractor must fol
low for the submission of a VE proposal. It will 
emphasize that a contractor's proposal must be com
plete and must contain justifiable prices. Pro
posals that are complete and accurate are evaluated 
quickly. An important point, to which all agencies 
adhere strictly, is that a VE proposal is not ap
proved until the contract change order has been ap
proved. 

Contractors and others have questioned this pol
icy of strict price justification. They claim that 
the department is saving money anyway, so why should 
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their pr ices be questioned? The response is sim
ple. We owe it to the taxpayer to save the maximum 
amount possible. Otherwise contractors could manip
ulate the prices so that they got a 60 percent o r 
even 75 percent share of the savings. 

RECOMMENDATIONS 

PennOOT's experience can prove valuable to other 
agencies that would like to start a VE program. The 
following reconunendations may be useful: 

1. Obtain top management support. Without this 
support, creative ideas will be suppressed, and 
local staff may lack the incentive to continue with 
the program. 

2. Adopt a multidisciplinary approach. Environ
mentalists, planners, right-of-way specialists, law
yers, and others will bring a fresh point of view on 
a problem, whereas designers and engineers may, 
through old traditions, be restricted in their 
thinking. 

3. Let district or regional personnel perform 
the studies, but with a central guiding policy and 
support. 

CONCLUSION 

VE works. PennOOT has, over the past 2. 5 years, 
saved more than $30 million without reducing per
formance. A statewide policy has been instituted 
within the framework of which VE is promoted at the 
district or regional level. Contractors have been 
encouraged to join the VE program by adding an in
centive clause to construction contracts. VE has 
even been marketed by using training programs, post
ers, and pamphlets. 
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Pennsylvania's Inventory Reduction Program 
PARKER F. WILLIAMS 

In October 1981 the Pennsylvania Department of Transportation (PennDOT) 
launched a statewide inventory reduction program. Results have been dra
matic. In September 1982, 1 year after the start of the program, inventories 
have been reduced by more than $14 million (30 percent). A description of 
the underlying causes for excossive inventories at Penn DOT, sp,ecific remedies 
that have developed to reduce inventories, the results to date, and actions 
planned for the future are presented. The methodology includes the use of 
fairly simple inventory management performance indicators such as turnover 
ratios, zero-use reports, and inventory values per lane mile to highlight ex
cessive inventories and establish priorities for their reduction. PennDOT's 
program is especially relevant to other states that have computerized systems 
but can also be useful to those whose automated systems are in the design 
stage. 

The purchase of materials and supplies is the 
largest cost element in a transportation depart
ment's highway and bridge maintenance program next 
to wages and contract maintenance. The private 

sector has long recognized that the major potential 
for controlling these costs lies in inventory man
agement. Because of the astronomical costs of fi
nancing inventories at today's interest rates, pro
grams to reduce inventories have been placed high on 
the priority list of private-sector materials man
agement goals. 

Consistent with the efforts in Pennsylvania to 
apply proven business practices to state government, 
the Pennsylvania Department of Transportation 
(PennDOT) has concentrated on applying basic inven
tory management techniques to reduce inventory 
costs. Clearly transportation agencies faced with 
dwindling funding levels that do not match even the 
most basic maintenance needs must recognize the 
large cost savings potential in reducing excessive 
inventories. 




