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BY THE US. GENERAL ACCQUNTING OFFICE

Report To The Secretary Of Transportation

Greater Use Of Value Engineering Has The
Potential To Save The Department Of
Transportation Millions In Construction Costs

Value engineering is a scientific method of analyzing
a product or service so that its function can be
provided at the lowest possible overall cost. When
applied to Department of Transportation federal-aid
construction programs, value engineering identified
further potential savings after other cost-reduction
techniques had been used. Although the Department
does not have a policy requiring that value engineering
be used in its construction programs, two of its
administrations use value engineering to a limited
extent,

The Department believes that value engineering can
produce savings, butit has notrequired its use mainly
because the Department believes value engineering
may negatively affect other Department objectives,
such as providing grantees maximum flexibility to
implement construction programs, and because grant
management practices vary among Department ad-
ministrations. GAO believes that a flexible value
engineering policy would be consistent with the
Department’s objectives.
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UNITED STATES GENERAL ACCOUNTING OFFICE
WASHINGTON, D.C. 20548

RESOURCES, COMMUNITY,
AND ECONOMIC DEVELOPMENT
HVISION

B-209932

The Honorable Elizabeth H. Dole
The Secretary of Transportation

Dear Madam Secretary:

This report demonstrates that greater use of value
engineering, a cost-control technique, has the potential to save
the Department of Transportation millions in construction costs.
The report contains recommendations to you on pages 21 and 22.

As you know, 31 U.S.C. §720 requires the head of a federal
agency to submit a written statement on actions taken on our
recommendations to the Senate Committee on Governmental Affairs
and to the House Committee on Government Operations not later than
60 days after the date of the report, and to the House and Senate
Committees on Appropriations with the agency's first request for
appropriations made more than 60 days after the date of the
report.

We are sending copies of this report to the committees
mentioned above; other interested committees; and to the Director,
Office of Management and Budget. Copies are also being sent to
your Assistant Secretary for Administration; the Administrators,
Federal Aviation Administration, Federal Highway Administration,
Federal Railroad Administration, and Urban Mass Transportation
Administration; and the Commandant of the United States Coast
Guard.

SN
Sincerely yours, ; /

//q /}' y/ A ! ,,'/’

GINY/§ 22

.
" J. Dexter Peach
. Director
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'GENERAL ACCOUNTING OFFICE GREATER USE OF VALUE

'REPORT TO THE SECRETARY OF ENGINEERING HAS THE POTENTIAL

TRANSPORTATION TO SAVE THE DEPARTMENT OF
TRANSPORTATION MILLIONS IN
CONSTRUCTION COSTS

value engineering is a scientific method of
analyzing a product or service so that its
function can be performed at the lowest pos-
sible overall cost without sacrificing qual-
ity. Achieving the lowest cost through value
engineering may require redesigning or elimi-
nating components by using different, new, or
more efficient technology. To be most effec-
tive, value engineering should be performed
during the early stages of project design.
For example, a value engineering study could
reveal that wooden, rather than concrete
stairs, as proposed in an original project
design, are adequate. Generally, value engi-
neering produces a net savings of 3 to 5
percent of total project construction costs,
while costing about 0.1 to 0.3 percent of
total project costs, (See p. 4.)

The Department of Transportation (DOT)
provides billions of dollars annually--over
$16 billion in fiscal year 1983 alone--for
construction projects for air, highway, mari-
time, mass transit, and rail transportation.
DOT administrations! with major construction
programs use various methods other than value
engineering to reduce construction costs. DOT
could potentially identify additional cost
reductions by requiring its administrations to
use value engineering as part of an overall

! cost-reduction approach.

In December 1982 GAO issued a report?2 that
discussed the feasibility of using value engi-
neering to reduce costs on mass transit con-
struction projects funded by the Urban Mass
Tranportation Administration. Because of the

TFederal Aviation Administration (FAA),
Federal Highway Administration (FHWA), Coast
Guard, Federal Railroad Administration, and
Urban Mass Transportation Administration.

2yalue Engineering Has the Potential to
Reduce Mass Transit Construction Costs
(GAO/RCED~-83-34, Dec. 29, 1982).
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potential for savings, GAO expanded its work
to other DOT administrations with construction
programs.

GAO made this review to determine (1) DOT's
policy on using value engineering during the
design phase of construction projects, (2) the
impact of FHWA's policy of encouraging states
to use value engineering, (3) the success of
the Coast Guard's value engineering program,
and (4) the feasibility of using value engi-
neering on FAA and Federal Railroad
Administration projects.

VALUE ENGINEERING USED
WIDELY TO REDUCE COSTS

Several American companies and foreign
countries use value engineering to reduce
costs and improve productivity. Since 1954
several federal agencies have also used value
engineering. For example, the Department of
Defense and the Environmental Protection
Agency require value engineering in their
construction programs. (See p. 5.)

In 1982 the President's Private Sector Survey
on Cost Control Task Force Report on Federal
Construction Management recommended that all
federal agencies consistently use value engi-
neering. In addition, several transportation
construction associations support and
encourage its use. (See p. 5.)

VALUE ENGINEERING IS USED IN SOME
DOT ADMINISTRATIONS BUT IS NOT A
REQUIREMENT

DOT does not have a policy on the use of value
engineering during the design of construction
projects; however, two DOT administrations—-
FHWA and the Coast Guard--use it to some
extent. To reduce costs, all DOT administra-
tions with major construction programs do use
various other cost-saving methods, such as
pavement recyling (a technique of combining
new and existing material when resurfacing
roads and highways). However, when value
engineering was applied after these tech-
niques, it identified additional potential
savings.

FHWA's value engineering program

To encourage states to use value engineering
on highway and bridge projects, the states and
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FHWA have spent about $3 million for value
engineering workshops since 1975. The work-
shops have trained about 2,000 state highway
department officials in 43 states, the
District of Columbia, and Puerto Rico; 565
federal officials; and 50 consultants. FHWA
claims that the training workshops have iden-
tified an estimated $600 million in potential
savings, As a result of FHWA's promotion of
value engineering, 13 states have implemented
a value engineering program and have identi-
fied over $94 million in potential savings
during fiscal and/or calendar year 1982. (See
pp. 7 and 8.)

Coast Guard's value engineering program

The Coast Guard requires a value engineering
study for construction projects costing more
than $200,000. This amount was established
because the Coast Guard believed the opportun-
ities for savings were greater than the costs
associated with performing value engineering
at that level. During fiscal year 1982 the
Coast Guard reported gross savings of more
than $4 million from its in~house value engi-
neering program. Of this amount, $1.5 million
was actually produced by an architectural/
engineering firm the Coast Guard hired to
value engineer four projects.

GAO's assessment of the Coast Guard's in-house
program showed that it had not been fully
implemented in accordance with the Coast
Guard's criteria. Value engineering officials
at Coast Guard headquarters said that value
engineering was not fully implemented because
of a heavy workload, a lack of training, and a
shortage of engineers. The Coast Guard, how-
ever, has taken actions that should make the
program more effective. These actions include
requiring an independent firm or contractor to .
perform formal value engineering studies on
all projects costing over $1.5 million, using
a Coast Guard-approved job plan to perform
such studies, and documenting wvalue
engineering savings. (See pp. 9 to 12.)

FEASIBILITY OF USING VALUE ENGINEERING

AT OTHER DOT ADMINISTRATIONS

FAA currently does not require or encourage
value engineering in the design of its con-
struction projects. Rather, it uses in-house,

grantee, and design consultant reviews to
reduce costs. To determine the feasibility of
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using value engineering on FAA projects and
whether value engineering could identify
additional savings after projects had been
subjected to other FAA cost-reduction reviews,
GAO reviewed the results of two value engi-
neering studies that were performed on FAA
projects.

In one study, an architectural/engineering
firm value engineered a passenger terminal
building for an airport owner. The study
identified savings of $7 million in initial
costs and $14 million in operating costs. The
study cost about $40,000. For the second
study, GAO arranged to have an FHWA study team
value engineer an air traffic control tower.
The study team made recommendations that would
reduce the tower's costs by $654,000, or 40
percent. Although an FAA engineer disagreed
on the feasibility of implementing most of the
recommendations because the tower was already
under construction, he believed that, at a
minimum, future tower project costs could be
reduced by 3 to 5 percent. (See pp. 12 to
15.)

The Federal Railroad Administration did not
use value engineering on the design of its
only large project--~the nearly completed $2.19
billion Northeast Corridor Improvement
Project, designed to rehabilitate the rail
passenger line between Boston and Washington,
D.C. However, the directors of engineering
and design for the project agreed that rail-
road facilities are similar to mass transit
facilities and could be value engineered.
(See p. 16.)

GAO's 1982 report on the potential of value
engineering to reduce costs on mass transit
construction projects described a value engi-
neering study on one aspect of a subway
station. The study identified $3.1 million,
or 18 percent, in potential savings. Imple-
menting the value engineering recommendations
was impractical, however, because station
designs were 90 percent complete. Another
study on a bus maintenance facility identified
potential savings of over $900,000, or about
15 percent. The facility owner planned to im-
plement recommendations that would save about

$360,000. (See pp. 15 and 16.)
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DOT CONCERNS ON REQUIRING
VALUE ENGINEERING

In commenting on GAO's 1982 report regarding
the potential for value engineering on mass
transit projects, DOT provided several reasons
for not implementing value engineering,
although it agreed that value engineering can
reduce construction costs. These reasons
were: (1) a value engineering requirement
could reduce a grantee's flexibility in
administering its grants, (2) differences
among DOT administrations' grant management
procedures preclude establishing standard
value engineering criteria Department-wide,
and (3) value engineering is only one of
several methods of cost control,

GAO believes, however, that within the
constraints of a required value engineering
policy for projects, grantees and administra-
tions with major construction programs could
be given sufficient flexibility to use value
engineering effectively. For example,
grantees could determine when, during early
design, value engineering should be performed
and by whom. After the study is completed,
grantees would also determine which value
engineering recommendations should be imple-
mented. DOT grantees, particularly for high-
way and bridge projects, could potentially
benefit from a required value engineering
policy because states can retain the federal
and state share of savings for use on other
federal-aid highway projects. Moreover, the
fact that value engineering is only one among
several methods does not diminish its contri-
bution to cost reduction. (See pp. 17 to 20.)

RECOMMENDATIONS TO THE
SECRETARY OF TRANSPORTATION

GAO believes that (1) value engineering has
the potential to save millions in project
costs if it were required for DOT construction
programs and (2) the cost of establishing,
implementing, and maintaining a value
engineering program would be more than offset
by the savings achieved.

Therefore, GAO recommends that the Secretary
of Transportation establish and implement a
policy to require DOT administrations to
supplement their normal cost reduction
procedures for construction programs with a
value engineering program. The policy should
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be flexible enough to recognize and address
the operating differences among the adminis-
trations, Specific recommen datiens intended
to help establlsh a value engineering policy
are contained on pages 21 and 22i

In commenting on this report, DOT agreed that
value engineering can identify areas of poten-
tial cost reduction in its direct construction

program. DOT plans to examine the value
engineering process and its direct construc-
tion programs to define a policy that encour-
ages value engineering. Also, DOT agreed
that, in general, value engineering could help
reduce construction costs in its federal-aid
construction programs but believes that the
absence of an Office of Management and Budget
(OMB) value engineering policy precludes
establishing a value engineering requirement.
DOT also stated that OMB Circular A-102 ap-
pears to prohibit imposing a value engineering
requirement upon grantees.

DOT pointed out that in 1976 and 1980 it
chaired interagency study groups that asked
OMB to include a government-wide policy in
Circular A-102 encouraging grantees to use
value engineering. The Circular promulgates
standards for establishing consistency and
uniformity among federal agencies in the
administration of grants to state and local
governments, However, OMB has not adopted a
value engineering policy. DOT pointed out
that it is again chairing an interagency study
group and will again ask OMB to establish a
policy encouraging the use of value engineer-
ing on federal-aid construction programs.

In a July 1984 meeting, the OMB Associate

Administrator for Policy Development advised -
GAO that A-102 does not prohibit DOT from

establishing a policy that requires its

grantees to use value engineering. 1In fact,

the Environmental Protection Agency requires

value engineering in its construction

programs,

GAO recognizes DOT's efforts to develop both
agency and government-wide value engineering
policies., However, GAO believes that, given
OMB's position and the potential for large
savings, DOT already has sufficient flexibil-
ity to develop a pollcy requiring the use of
value engineering in its construction
programs. (See pp. 22 to 24.,)
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CHAPTER 1

INTRODUCTION

The Department of Transportation (DOT) provides billions of
dollars each year for federal aid and/or direct federal construc-
tion in highway, air, rail, mass transit, and maritime transporta-
tion, This report discusses and demonstrates the potential of
value engineering (VE) to reduce costs and the extent that it is
currently used in DOT administrations with major construction
programs.

In December 1982 we issued a report:'l that discussed the
feasibility of using VE to reduce costs on mass transit construc-
tion projects funded by the Urban Mass Transportation Administra-
tion (UMTA). Because of the potential for savings, we expanded
our work to other DOT administrations with construction programs.
The administrations included in this review are the Federal Avi-
ation Administration (FAA), the Federal Highway Administration
(FHWA), the Federal Railroad Administration (FRA), and the Coast
Guard (CG). The Maritime Administration and other DOT administra-
tions were not included in our review because they either do not
have construction programs or their programs are small. Our
objectives, scope, and methodology are contained in appendix I.

VALUE ENGINEERING: WHAT IT
IS AND HOW IT WORKS

Value engineering is a scientific method of analyzing a
product or service so that its function can be achieved at the
lowest possible overall cost. Achieving the lowest cost may
require redesigning or eliminating unnecessary project components
by using different, new, or more efficient technology. For
example, a VE study could reveal that wooden stairs, rather than
concrete stairs as proposed in project designs, are adequate.

VE has its origins with the material shortages that occurred
during World War II. These shortages led builders to develop
innovative materials and design alternatives. Often, the alter-
natives functioned as well as or better than the originals and
cost less.

VE is best used early in the design stage of a project, when
decisions have the greatest impact on costs. 1In addition, the
opportunities for implementing changes are greatest at an early
stage, implementation costs are lower, and fewer project delays
occur.

Value Engineering Has the Potential to Reduce Mass Transit
Construction Costs (GAO/RCED-83-34, Dec. 29, 1982).
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The VE methodology is applied by a multidisciplined team2

using a VE job plan. The job plan establishes a systematic, docu-

mented method of performing a VE study in five sequential phases.

~-Information phase: (1) becoming familiar with the
design and selecting for further study areas with the
greatest potential for significant savings and (2)
performing function analysis.

--Speculation phase: developing ways through
creative thought to achieve the same basic function of
items by different means.

--Analytical phase: screening the ideas generated in
the previous phase and selecting the best ones for
possible implementation.

~-Proposal phase: preparing written recommendations for
cost reduction alternatives.

-~Report phase: summarizing the results of the study,
recommending specific action, and requesting imple-
mentation approval from responsible officials.

In contrast to achieving cost reductions by making smaller
quantities or using fewer or cheaper materials, VE uses function
analysis and a systematic, sequential, documented job plan. VE
analyzes a function or method by asking:

--What is it?

--What does it do?

~--What must it do?

~-What does it cost?

--What other material or method could do the same job?

~-What would the other material or method cost?
VE is different from other cost-reduction techniques in that it
achieves cost savings by questioning methods, processes, and
materials that have been used for years.
‘ VE concepts and techniques are promoted by the Society of

American Value Engineers. Founded in 1959, the Society's members

include executives, scientists, managers, administrators, archi-
tects, engineers, contractors, and purchasing agents organized
into 40 chapters throughout the United States. One of the Soci-

ety's functions is to designate those members who have demon-
strated and maintained a high level of competence to be

2A teanm might be composed of architects, cost estimators, an
“rations manager, and civil engineers.
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certified value specialists. The requirements for a certified
value specialist are 4 years of college, attendance at a VE work-
shop, 2 years of full-time VE experience, preparation of a paper
on a value topic, and a passing grade on a VE examination.

CHARACTERISTICS OF A
SUCCESSFUL VE PROGRAM

Establishing a VE program does not, in itself, assure an
effective approach to cost control. The characteristics of a
successful VE program include top management support, a full-time
VE coordinator or group, project selection criteria, the use of a
multidisciplined team and the VE job plan, and procedures to
assure implementation of approved VE recommendations. These
characteristics were identified for us by an internationally
recognized VE authority, a transportation research board study, 3
and VE officials in Florida, North Carolina, and Pennsylvania--
three states we visited with successful VE programs.

Top management Support

According to a Transportation Research Board study, the most
critical element of assuring a successful VE program is to obtain
top management support. This support is needed initially to
assure adequate funding for training and for creating positions.
The continuing, active involvement of top management creates and
maintains the positive, receptive attitude necessary for imple-
menting VE recommendations that management agrees are reasonable.

We discussed with the former director of the General Services
Administration's VE program how the lack of top management support
impaired the effectiveness of a VE program. From 1972, when the
General Services Administration established its VE program,
through 1980, its Public Building Service saved $43.4 million, as
reported in our 1982 UMTA VE report. According to the former VE
program director, the program has produced no savings since 1980,
because of the lack of support and a general lack of understanding
of VE concepts by Public Building Service top management.

Full-time VE staff

An effective VE program needs not only the support of top
management, but also direction and coordination by a VE coordi-
nator or unit with easy access to top management. The coordinator
or the unit typically administers the program by establishing VE
procedures, maintaining VE statistics, assuring that VE recom-
mendations are implemented, and sometimes performing VE studies.

3An agency of the National Research Council, which serves the
National Academy of Sciences and the National Academy of Engi-
neering. The Board's purpose is to (1) stimulate research con-
cerning the nature and performance of transportation systems,
(2) disseminate information that the research produces, and
(3) encourage the application of appropriate research findings.

3



Project selection criteria

One difficulty in establishing a VE program is selecting
projects for study that provide the best opportunity for savings.
According to an internationally recognized VE expert and VE offi-
cials in the states we visited, cost or project size is generally
a good indicator of the potential for VE savings. The basis for
establishing a certain dollar amount for selecting projects to be
value engineered depends on the type, size, and cost of projects.

Use of multidisciplined team and
VE job plan

As discussed previously, VE techniques are applied using a
job plan, which establishes a method for performing the study.
Adherence to the phases of the plan is essential to obtain the
best results. The key features distinguishing the VE job plan
from other cost reduction techniques are function analysis, the
creativity of a multidisciplined team to develop multiple alter-
natives, and the principle of maintaining the quality needed by
the user. The plan also assures that the various phases of a VE
study are performed systematically and sequentially.

Effective implementation procedures

According to the transportation research board study, if a VE
program is to maximize cost savings, approved recommendations must
be implemented as expeditiously as possible. Implementation is a
test of top management's commitment to the VE program and the
skills of the VE unit. Implementation procedures also assign
accountability for including approved recommendations in project
designs.

COSTS, SAVINGS, AND TIME
NEEDED TO PERFORM VE

Historically, a VE study costs between 0.1 and 0.3 percent of
total project costs yet saves 3 to 5 percent of total project
costs. In addition, the savings achieved from using VE on
one project can often be applied to similar projects, as discussed
on page 9.

The time and cost to perform VE depends on the size and
complexity of a project. For example, according to an inter-
nationally recognized VE expert, about a week is needed to com-
plete the phases of the VE job plan on a bus maintenance facility
and about 2 weeks for a larger project, such as a subway station.
However, additional time is required for study before the job plan
is initiated. The VE study team members may spend a week review-
ing plans, specifications, and cost estimates individually before
they initiate the phases of the job plan. After the study is com-
pleted, the VE team leader meets with the facility owners to
discuss the VE recommendations and to prepare a final report on
study results.



VARIOUS PRIVATE AND FEDERAL AGENCIES
AND GROUPS USE AND SUPPORT VE

The federal government and the private sector in the United
States and several foreign countries, including Japan, West
Germany, and India, recognize VE as a useful tool to reduce costs,
improve productivity, and increase profits. 1In addition, several
colleges and universities include VE as an elective in their
engineering curricula.

Since 1954 at least 14 federal agencies have used VE to
reduce costs with varying degrees of success. For example, the
Department of Defense established its VE program in fiscal year
1965. Through fiscal year 1982, the Department reported estimated
savings in excess of $8.6 billion from its mandated VE program.
The Environmental Protection Agency's (EPA's) VE program was
established in 1976 for federally subsidized waste water treatment
facilities. For fiscal years 1977 through 1982, EPA reported
realized savings from VE of $290 million, or a 5.5-percent net
reduction in project costs. About $16 was saved for each dollar
spent to perform VE. EPA regulations require that facilities
costing more than $10 million be value engineered when design
plans are 20 to 30 percent complete. According to an EPA head-
quarters VE official, the $10-million threshold was established
when the program was implemented. He said that the threshold is
high because, at that time, EPA was not prepared to handle many
projects. Facilities under $10 million may be value engineered at
the grantee's request. The cost to perform VE and the resulting
savings are shared between EPA and the grantees in proportion to
their participation in project costs.

A wide variety of groups support VE. The President's Private
Sector Survey on Cost Control Task Force 1982 Report on Federal
Construction Management concluded that ". . . mandated VE studies
are certainly effective." The task force recommended that all
federal agencies consistently use VE in all districts and divi-
sions. Nine highway design and transportation construction as-
sociations that we randomly contacted also support and encourage
the use of VE. For example, the American Institute of Architects
sponsors several VE training workshops each year for government
and industry officials. 1In addition, a Joint Committee of the
American Association of State Highway and Transportation Offi-
cials, the American Road and Transportation Builders Association,
and the Associated General Contractors prepared VE guidelines for
their constituencies in 1981.

OUR VIEWS ON VE AND OTHER TECHNIQUES

We have a long-standing interest in the use of VE as an
effective tool that can reduce government costs. We have issued

several reports and studies on the subject (see app. III). We
view VE as a management tool that complements rather than replaces

other cost reduction or cost control techniques.



CHAPTER 2

TWO DOT AGENCIES USE VALUE ENGINEERING TO SOME EXTENT;

BROADENING ITS USE DEPARTMENT-WIDE COULD

POTENTIALLY REDUCE DOT CONSTRUCTION COSTS

Because of escalating costs and the ever increasing need to
rebuild the nation's transportation system, the size, variety, and
scope of DOT's construction programs provide opportunities for
using VE. As shown in appendix 1V, FHWA, FAA, and UMTA collec-
tively allocated billions of dollars in fiscal year 1983 for
grants to states, local governments, and airport and transit
authorities. 1In addition, CG, FAA, FHWA, and FRA have direct
funding construction programs.

Despite the opportunities it has for using VE, DOT does not
currently require its administrations with construction programs
to use VE. However, two DOT administrations, FHWA and CG, use it
to some extent. FHWA strongly encourages its grantees to use VE,
and CG requires VE on projects exceeding a certain dollar amount.
FAA, FRA, and UMTA neither require nor encourage VE, even though
VE identified additional savings when VE training workshops and
private firms value engineered typical FAA and UMTA construction
projects. FRA design and engineering officials believe that VE is
also feasible on railroad facilities. As demonstrated in FHWA
workshops and other examples that are discussed in this chapter,
increased use of VE has the potential to save DOT and its grantees
additional millions of dollars annually.

FHWA ENCOURAGES THE USE OF VE

According to the Federal-Aid Highway Program Manual, FHWA's
policy is to strongly encourage the states to use VE and other
cost-control techniques when designing highways and bridges. To
help the states implement VE programs, FHWA has sponsored training
workshops for the past 8 years. Between October 1975 and October
1983, the states and FHWA spent about $3 million for 104 VE work-
shops, but only 13 states had implemented a VE program as of
1982. About 2,000 state highway department officials in 43
states, the District of Columbia, and Puerto Rico; 565 federal
officials; and 50 consultants have been trained. FHWA officials
believe that this level of training will continue in the future.

During the 40-hour workshops, each VE study team value
engineers at least one active project. The VE workshops' overall
objective is to familiarize federal, state, and local highway
officials with the VE process. After completing the course, each
participant should be able to

--understand the differences between VE and other cost
reduction techniques,

--apply VE techniques,



--lead a team through a VE study, and

--make positive contributions toward establishing and
managing a VE program.

FHWA claims VE workshops
save millions

Value engineering has been shown to be cost-effective during
the workshops. To demonstrate the effectiveness of VE compared
with other cost~reduction methods, the host agency and VE instruc-
tors select projects for the workshops that may have gone through
states' normal cost-reduction reviews and are proceeding toward
construction. FHWA's VE coordinator estimated that the workshops
have identified about $600 million in additional potential savings
during the past 8 years. Although FHWA encourages the workshop
participants to send a copy of the VE study to the appropriate
highway officials for possible implementation, no records are
available that show the actual amount of savings, The FHWA VE
coordinator, however, estimated that about half the recommen-
dations have been implemented.

States with VE programs identify
millions in potential savings

To determine the extent that the states use VE during the
design of federal-aid highway and bridge projects, we sent a
guestionnaire to the 50 state highway departments, the District of
Columbia, and Puerto Rico., The results are summarized in appendix
V. On the basis of 48 responses to the questionnaire, copies of
VE studies the states provided, and follow-up discussions with
state highway and/or VE officials, we determined that 13 states
had implemented a VE program as of 1982, These states value
engineered 284 highway and bridge projects, specifications, and
standards that identified over $94 million in potential savings in
1982. As shown in the following table, the states reported a wide
range of VE activity and potential savings. For example,
Pennsylvania value engineered 110 projects, while three states
each value engineered only one project. Potential savings ranged
from over $29 million in Illinois to $800,000 in South Dakota.



Number of Potential 1982

State VE projects savings identified
(millions)

California 6 $ 1.0
Florida 39 6.0
Idaho 15 9.0
Illinois 15 29.2
Maryland 14 (b)
Minnesota 6 2.4
Montana 1 10.0
Nebraska 23 (b)
New Mexico 9 12.8
North Caroclina 32 1.5
Pennsylvania 110 20.3
South Dakota 26 .8
vernmont _1 1.4

Total 284 $94.4

A0ngoing study.
bNo records available.
source: GAO,.

State highway VE officials in the three states we visited
indicated that their potential savings are probably understated
because (1) accurate records of VE savings are not maintained and
(2) savings generated from VE studies on certain projects, such as
standards and specifications, are difficult and time-consuming to
determine.

Some states indicated that recent improvements to their VE
programs have resulted in additional savings, as in the following
examples:

~-~Improvements in Pennsylvania's VE policy and selection
criteria increased the number of projects value engineered "
from 60 in fiscal year 1981 to 129 in fiscal year 1983.
Potential savings increased from $12.9 million in fiscal
year 1981 to $21.5 million in fiscal year 1983.

~-During the first 6 months of 1983, Florida conducted 39
VE studies that identified over $6 million in potential
savings. Florida officials indicated that planned VE
program improvements, such as establishing new project
selection criteria and new implementation procedures
to assure that approved VE recommendations are imple-
mented, should increase the program's effectiveness.
Florida's goal is to average 10 percent savings in
construction costs when the program is functioning
routinely.



~-In 1982 North Carolina value engineered 13 standards
affecting 32 projects that resulted in realized savings of
$1.5 million. In 1983, the state realized $6.6 million in
VE savings. 1In addition, North Carolina officials believe
that designers are more cost-conscious when they know that
a VE study is going to be done.

VE officials in the three states we visited said that the
implementation phase of the job plan is the most important. One
state requires the VE program manager to assure that all approved
VE recommendations are implemented through continuous contact with
the district offices and by providing records of statewide program
status, implementation, and cost savings to FHWA and state offi-
cials. In another state, all VE recommendations are forwarded to
a committee that assures that all approved VE recommendations are
implemented. Each committee member has follow-up responsibility
on specific VE recommendations. 1In the third state, the VE team
meets with the design firm to discuss the VE study recommenda~
tions. After they agree on which recommendations are to be imple-
mented, the firm incorporates the changes into the project design.

We also found that in two of the three states we visited, VE
officials had established different dollar amounts to select
projects for study. One state requires that projects over
$500, 000 be value engineered; another has a $2-million threshold.
Another state also achieved VE savings by reviewing construction
standards and processes, because the results can be applied to
similar or repetitive projects. For example, North Carolina uses
a standard for the width of bridges on secondary roads. As a
result of a VE study, the North Carolina VE department determined
that the standard width for such bridges was excessive and recom-
mended that the standard be reduced. State highway department
management officials agreed with the recommendation, and the new
standard was subsequently applied on similar bridges. We believe
as evidenced above, that cost should not be the sole determinant.

COAST GUARD REQUIRES VE BUT HAS NOT
FULLY IMPLEMENTED ITS VE PROGRAM

The CG Civil Engineering Division established a VE
requirement in 1972; however, in the two districts we visited, we N
found that the program has not been fully implemented according to
CG criteria. As a result of our review, CG is making changes to
improve its VE program.

According to the Civil Engineering Division manual, VE is
applied on all construction projects costing over $200,000,
preferably when designs are 30 to 50 percent complete. The divi-
sion established a $200,000 threshold because the opportunities
for savings were greater than the costs associated with performing
VE at that level. Under the division criteria, the extent that
the various stages of the job plan are completed is related to
project size. At a minimum, the information phase of a VE job
plan, including the function and cost analyses, must be completed
on all projects required to be value engineered.



A field value engineer in each district is responsible for
implementing the VE program. In addition to their regular duties,
value engineers are responsible for

--establishing and maintaining an active and productive VE
program and

--maintaining a VE training program to assure that
appropriate personnel are familiar with VE principles and
applications.

VE not fully implemented in districts

Each district submits an annual report to the division
showing the savings resulting from VE. 1In fiscal year 1982, only
7 of the 12 district offices realized VE savings. The districts
reported $4.4 million in gross savings! from in-house VE studies
on 165 projects. Of the $4.4 million, we found that $1.5 million
in savings reported by the districts was actually produced by an
architectural/engineering firm CG hired to value engineer four
projects, as discussed on page 11.

To determine the effectiveness of CG's in-house program, we
visited the Boston and Seattle district offices because they
reported substantial VE savings ($200,000 in Boston and $748,000
in Seattle) and contacted the officials in the Portsmouth,
virginia, and Miami, Florida, districts because they reported
little or no VE savings during fiscal year 1982. At the two
districts we visited, we found little evidence that the program
had been fully implemented in accordance with CG criteria. For
example, we reviewed the files on 6 of 9 projects in Boston and 3
of 27 in Seattle that cost more than $200,000 and therefore should
have been value engineered. We found no evidence for any of these
projects that the VE job plan or the required function analysis
had been performed. Rather, the districts we visited considered
an undocumented, informal analysis of project alternatives before
designs were prepared as VE. As a result, we could not verify the
savings the districts reported. CG headquarters VE officials said
that a VE program had not been fully implemented in all the dis-
tricts becuase of (1) an insufficient number of engineers, (2) a
lack of VE training, and (3) a heavy workload.

Coast Guard actions to improve
in-house VE program

After our review of CG's in-house program, the chief, Civil
Engineering Division, and other top-level division VE officials
agreed with our assessment of the in-house program, that it was
not being implemented as required. Recognizing the problems dis-
cussed above, the Division revised its Civil Engineering Manual to
clarify existing VE criteria. The clarification

Does not include either the cost of performing the studies or
the cost of redesigning project plans and specifications to
incorporate approved value engineering recomendations.
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~--raises the threshold for performing VE from $200,000 to
$500,000 because CG realized that $200,000 was too small an
amount;

--requires formal VE studies to be performed by an inde-
pendent firm or contractor for all projects over $1.5
million;

--requires VE studies to be performed with a CG-approved VE
job plan; and

--requires documentation of all VE cost savings.

In addition, the division transferred most project design
responsibilities from the districts to two new field divisions in
June 1983. CG believes that centralizing design activities will
improve its VE activities. 1Initially, architectural/engineering
or consulting firms will perform the VE studies on all designs
prepared by the field offices. According to headquarters VE
officials, because the districts have an insufficient number of
engineers and a heavy workload, the division also revised its pro-
curement regulations to make it easier to hire such firms to value
lengineer projects.

Use of consultants to perform
VE is effective on four projects

To improve its VE program, CG, in 1982, hired an
architectural/engineering firm, at a cost of $64,000, to value
engineer an additional four large projects. The estimated cost of
the projects was more than $35 million. The 'firm identified $3.9
million in potential savings. Subsequently, CG implemented recom-
mendations that resulted in about $1.5 million in gross savings.
The savings represent about a 4-percent reduction in estimated
project costs, or $23 for each dollar spent to perform the VE
studies. The following table shows the results of the VE studies:

Savings
Type of facility Cost Recommended Implemented VE cost

Family housing $ 3,796,670 $ 456,389 $ 52,050 $14,000

Marine safety

office 9,326,601 2,201,370 801,049 16,000
Personnel
activity
centerx 12,147,500 724,100 232,600 21,000
Administration
center 10,399,538 540,209 381,032 13,000
Total $35,670,309 $3,922,068 $1,466,731 $64,000

Source : GAO
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Our analysis of the four studies shows that they were performed in
accordance with generally accepted VE principles established by
the Society of American Vvalue Engineers. For example, the firm
used a multidisciplined team and the VE job plan and performed the
function analysis.

VE FEASIBLE IN OTHER DOT
ADMINISTRATIONS

FAA, FRA, and UMTA do not require or encourage the use of
VE. However, as demonstrated below, VE identified significant
savings on the types of construction projects typically funded by
these administrations.

FAA

Two FAA projects, a terminal building and control tower, were
value engineered in 1976 and 1983, respectively. In both cases,
value engineering identified substantial cost savings.

Terminal building

In 1976 a private firm performed a VE study on the FAA-funded
$100-million passenger terminal building and concourses at the
William B. Hartsfield International Airport in Atlanta, Georgia
(see app. VI). The study was performed because of the owner's and
the airlines' desire to control costs. According to the contrac-
tor, the study realized about $7 million in initial or capital
costs savings and more than $14 million to the grantee in the
present value? of operation and maintenance cost savings. 1In
addition, the contractor said that the facility uses about 35
percent less energy than comparable facilities in Chicago and
Dallas. The total cost of performing the VE study was about
$40,000. About $175 in capital savings, which the grantees also
share, was realized for each dollar spent to perform VE.

Using the job plan, the VE study teams recommended major
changes to the structure and mechanical components of the passen-
ger terminal building. As shown in appendix VI, the 53 recommen-
dations that were implemented included reducing the terminal area
and structural spans, modifying the exterior skin and interior
closures, reducing the amount of glass, replacing rooftop
heating/cooling units with a central system, and changing boiler
and air filtering designs.

Control tower

Each year, FAA constructs several air traffic control towers
with or without administrative buildings. Between fiscal
years 1983 through 1985, FAA plans to construct 35 towers at a
cost of $114 million.

2present value represents the current worth of savings to be
achieved in future years.
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In June 1983, we arranged to have a medium-sized $1.6-million
tower/administrative base building value engineered at an FHWA
40-hour VE workshop. FAA provided a standard set of plans and
criteria, a specific set developed for the John Wayne Airport at
Santa Ana, California, and cost estimates. The study was to
determine if VE has the potential to reduce costs on such proj-
ects. Although we discussed the feasibility of the recommenda-
tions with FAA, we did not expect that they would be implemented
because the facilities were under construction when the VE study
was performed. Any changes in project designs would have resulted
in costly construction delays. However, because FAA uses standard
designs for towers, the recommendations could be applied on future
projects.

A six-member VE team first developed current 1983 cost
estimates and gathered pertinent information on the project. 1In
completing the VE job plan, the team identified several areas for
potential cost savings, as discussed below. On the basis of its
analysis of project data, the team determined that designs for FAA
towers and base buildings are too standardized. FAA standards, in
some instances, call for systems that are overdesigned for a
- particular region of the country. For example, the footings and
" foundations are designed for frozen soil conditions, which do not
apply in Santa Ana.

The team made the following recommendations:

--Reduce the size of the administrative base building
from 4,473 square feet to 2,350 square feet. FAA
officials indicated that a maximum of 15 people would
occupy the building at any one time. The common
allowance is 150 square feet per person, not 264
square feet as designed. One part of this reduction
is to relocate the emergency diesel generator outside
of the building, which would eliminate a 15' x 19' room.
At a cost of $188 per square foot, this would reduce con-
struction costs by $399,124. FAA said that it would need
more specific information, such as a building layout show-
ing the revised office and room sizes, to evaluate the
feasibility of implementing this recommendation. Time con-
straints prevented the VE team from developing a detailed
building layout.

i
|

Reduce the height of the building by reducing the area
above the ceiling from 5 feet to 2.5 feet. The team
believes that this 2.5-foot clearance is ample space
for the duct system, and is much more common than a
5-foot clearance. Although FAA did not agree with
the specifics of this recommendation, it did agree
that a building height reduction would reduce the
base building cost by 5 percent, or $42,000. FAA
officials do not plan to reduce the building height
because they believe extensive redesign work would be
required,

--Redesign the tower elevator to reduce capacity and
speed. As currently designed, the elevator has a
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2,500-pound capacity (approximately 14 persons) and a
velocity of 350 feet per minute. For a maximum of
six people in the tower cab at any one time and a
maximum lift of 32 feet, the elevator is clearly
overdesigned. The VE team estimated a savings of
$35,000 for this change. FAA agreed and plans to
specify a slower elevator speed and to review the
elevator capacity requirements.

--Eliminate the link building that connects the control
tower to the administrative base building because
climate conditions in Santa Ana make the building
unnecessary. The team estimates cost savings from
this change would be $30,000. FAA agreed that the
link could be built more cheaply without affecting
function, but did not want to eliminate it because of
its aesthetic appeal.

--Redesign the heating, ventilation, and air
conditioning system. Although FAA has four or five
standard designs for systems in various climate
zones, the system for this location is still over-
designed. According to Means, 41st edition, which
shows standard 1983 construction cost data, this
system should cost approximately $24,000. The esti-
mated cost of the system, as designed, is $172,000,
or seven times the usual cost. The ventilating/
cooling system required for the emergency generator
room could be eliminated if the generator room were
relocated outdoors. The American Society of Heating,
Refrigeration, and Air Conditioning Engineers' stan-
dards for Santa Ana should be used for the design of
the air conditioning system, rather than the current
design, which was developed for buildings in areas
with 105-degree temperatures. Redesigning the system
could save approximately $148,000. FAA believes it
is more economical to use four or five standard
designs than it is to pay for the design of a sepa-
rate system for each location. A VE consultant esti-
mated that, in general, the cost of a site-specific
design should be approximately 6 percent of the con-
struction cost--in this case, about $96,000 for a
medium-size air traffic control tower.

In summary, the VE team's recommendations would result in a
more efficient design and reduce the construction cost of the base
building and tower by an estimated $654,000, or 40 percent of the
original $1.6 million construction cost.

We also presented the following suggestions to FAA; however,
we did not discuss the feasibility of implementing the suggestions
because they are not formal VE recommendations and, because of
time constraints, the team could not estimate cost savings.

--Eliminate storefront windows on the base building.
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--Eliminate windows in the tower that are specified for
unused space.

--RBliminate the solar hot water heater.

--Reduce the size of the electrical, telephone, and storage
room.

--Redesign the site layout, including the access road,
parking lot, landscaping, irrigation, and sidewalks.

An FAA structures branch engineer disagreed that most of the
recommendations could be implemented because the tower was already
under construction but concluded that VE has the potential to
reduce the cost of towers and buildings by a minimum of 3 to 5
percent.

UMTA

In December 1982 we issued a report on VE's potential to
reduce mass transit construction costs. During that review, we
arranged to have VE studies performed on two typical UMTA-funded
construction projects.

To demonstrate that VE could be applied to heavy rail
projects and identify greater savings than UMTA's ad hoc review
group, the Corps of Engineers value engineered the same aspect of
a subway station that the UMTA group had previously examined. The
VE study team identified about $3.1 million in potential savings
compared with the $334,000 that the UMTA group saved. The transit
authority said that it could not implement the VE recommendations
because the community where the station is to be located supported
the original design and would object to any design changes. We
recognized that it would not have been practical to implement the
recommendations because, at the time the VE study was performed,
the station's design was 90-percent complete.

A second VE study of a $6.2-million bus maintenance facility
identified over $900,000, or about 15 percent in potential initial
savings, and over $400,000 in operation, maintenance, and replace-
ment cost savings. The transit authority planned to implement
three VE recommendations that would produce about $360,000 in
initial savings and $100,000 in operation, maintenance, and
replacement cost savings. The estimated cost to perform the
studies--$53,500 and $40,000, respectively--was small compared
with the potential savings.

As a result of our report, the Subcommittee on
Transportation, House Committee on Appropriations3 directed UMTA
to take all necessary steps to apply VE techniques to any feder-
ally funded transit construction projects currently being designed
with a total estimated cost of more than $150 million. Moreover,
the Subcommittee expects the fiscal year 1985 UMTA budget

3pepartment of Transportation and Related Agencies Appropriations
Bill, 1984, Report No. 98-246.
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justification to contain a listing of all projects that have been
subjected to VE and an estimate of cost savings.

FRA

FRA, like FAA and UMTA, does not require VE on construction
projects. FRA is currently administering one large project--the
$2.19-billion Northeast Corridor Improvement Project. The purpose
of the project is to rehabilitate and improve rail passenger
service between Boston and Washington. Major elements of the
project include

--simplifying track configurations,
--modernizing the signal system,
--constructing 4 maintenance facilities,
--rehabilitating 4 equipment workshops, and

--rehabilitating 12 and constructing 3 new railroad
stations.

A more detailed listing of the elements of the corridor
project are listed on page 37.

At the time of our review, most major components on the
corridor project were either designed, under construction, or com-
plete. Therefore, we did not attempt to demonstrate the feasibil~-
ity of using VE on such facilities. Instead, we provided the FRA
Directors of Design and Engineering for the corridor project a
copy of our 1982 mass transit VE report. On the basis of their
review of the types of UMTA facilities that were used to demon-
strate the VE process, the Directors agreed that the design, engi-
neering, and construction processes for FRA facilities, such as
railroad stations and maintenance facilities, are similar to UMTA
subway stations and bus maintenance facilities. Therefore, the
Directors concluded that VE could also be applied to FRA
facilities during design.

- - - -

In chapter 3, we discuss DOT's concerns about VE; why, in
spite of these concerns, we believe VE is needed; and what needs
to be done to assure that VE is used.
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DOT agrees that VE can be a valuable tool in reducing
construction costs, but it does not favor a policy requiring VE on

construction programs mainly because of significant differences in
grant management and procurement processes among its various
operating administrations. DOT believes that its management
rategy of allowing grantees to select cost controls is consist-

A-102 and the President's philosophy of according grantees maximum
flexibility to administer grants. Further, it views VE as only
one of several cost-control technigques that can produce cost-
effective designs. Consequently, DOT administrations use several
different cost-control techniques in addition to VE, such as
alternate designs, in-house and consultant design reviews, and
peer reviews.

We believe that DOT could implement a VE policy that is
" sufficiently flexible to overcome its concerns and considers the
differences among DOT's operating administrations. Furthermore,
VE has the potential to save DOT and its grantees additional sub-
stantial funds if it is applied after their traditional cost-
reduction techniques.

DOT VIEWS ON VE

In commenting on our 1982 report regarding the potential for
value engineering on mass transit projects, DOT cited several
reasons for not requiring VE. DOT believes that the states or
grantees should have final authority for approving recommendations
on project design and construction. DOT believes this is con-
s51stent with OMB Circular A-102 and the President's philosophy of
giving grantees maximum flexibility to administer their grants.

We believe that a policy requiring VE would not seriously limit
grantees' flexibility to manage their projects. For example,

- grantees would determine at what point during early design VE

- should be performed, whether the study should be performed by a
private firm or in-house, and whether VE recommendations should be
implemented. Furthermore, we believe that DOT and its grantees
could mutually benefit from the potential of VE. For example,
according to the FHWA VE Coordinator, states that have received
DOT grants, particularly for highway and bridge projects, could
significantly benefit from a required VE program because states
can retain the federal and state share of VE savings for use on
other federal-aid highway projects. 1In other DOT administrations,
grantees would share VE costs and savings in proportion to their
share of project costs.

OMB Circular A-102, Attachment O, addresses procurement
requirements. The Attachment prohibits imposing additional pro-
curement requirements or subordinate regulations on grantees,
However, in commenting on the UMTA VE report, OMB's Associate
Administrator for Policy Development said that
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". . . this prohibition does not apply to individual
grantee requirements which fall under the exception of
paragraph 10 of A-102 or provisions of other Circulars.
OMB Circular A-87, Paragraph 3C, 'Capital Expendi-
tures,' states that capital expenditure for equipment
or capital assets is allowable when such procurement is
specifically approved by the Federal grantor agency.
UMTA, therefore, is clearly allowed to authorize and
approve the type of capital expenditures and any
related requirements it wishes, including value
engineering."

Considering OMB's interpretation, we believe that DOT
administrations with grant programs, such as FHWA and FAA, could
require VE as part of the grant approval process. However, OMB
also stated that the administration's philosophy is to lessen the
government's intrusion in state and local government affairs. 1In
July 1984 the same OMB official informed us during a meeting that
A-102 does not preclude DOT from establishing a policy that
requires grantees to use value engineering.

DOT views VE as only one cost-control technique that can pro-
duce cost-effective designs. As a result, DOT administrations use

a variety of cost controls. For example:

--FHWA's policy is to strongly encourage states to use
several cost-control strategies, including pavement

recycling (a technique combining new pavement with old when

resurfacing roads or highways), alternate designs, and VE.

--The CG Civil Engineering Division as noted earlier requires

the use of VE on projects that exceed a certain dollar
amount.,

--FAA, on the other hand, relies on in-house, sponsor,
and designer reviews and the competitive bid :
process to reduce costs.

--UMTA, in addition to requiring routine regional engineering

reviews, established a peer review program in 1979 in an
attempt to reduce costs on selected new, primarily heavy
rail transit projects.

~--FRA, its design firm or contractor, and AMTRAK jointly

perform a technical review of Northeast Corridor designs at

the 30-, 60~-, and 90-percent level of completion.

DOT said that significant differences among the

administrations in grant management and procurement processes pre-

clude establishing and applying standard VE criteria Department-
wide. While there may be differences, the DOT administrations
that we reviewed

--either prepare or approve project designs and specifica-
tions and
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--review project designs to reduce costs.

Therefore, we believe that DOT could establish a policy that is
sufficiently flexible to recognize and address differences among
administrations. For example, each administration could establish
criteria for selecting projects to be value engineered.

FAA AND FHWA VIEWS ON VE

FHWA believes that states are aware of VE's benefits and that
many are initiating VE reviews as part of their highway programs.
FHWA also believes that its continuing efforts to promote VE on
highway projects will be successful without imposing additional
federal requirements. According to FHWA's VE Coordinator and
other officials, FHWA considered mandating VE and other cost-
reduction strategies in 1975 and 1980 but did not because input
from division offices indicated that FHWA's relationship with the
states would be adversely affected by imposing additional require-
ments. FHWA efforts to promote VE have resulted in 13 states
implementing a program; however, we believe that a required rather
than voluntary VE program would expedite FHWA's VE efforts and
- produce additional substantial savings for the federal government
" and the states,

On the basis of our analysis of (1) the questionnaire we sent
to the 50 states, the District of Columbia, and Puerto Rico, (2)
VE studies provided by the states, and (3) follow-up telephone
calls to the state highway and/or VE officials, we determined that
351 of 48 states that responded to the questionnaire did not have
a VE program. Seven of the 35 were in the process of establishing
a program. Twenty-—three1 of the states with no program provided
one or more of the following reasons for not using VE:

Number of
Reason times stated
Prefer present technique (e.g., 16
alternate designs)
Do not have trained staff 5
Tried but not successful 6

Twenty-fivel of the 35 states that did not have a VE program
believed that VE could be used at least to some extent on highway
projects. In our opinion, these states will not adopt VE as an
integral part of their operations until FHWA requires it.

FAA officials believe that certain projects may not be
suitable for VE. They believe that (1) the federal share of
airport terminal costs, as discussed below, is too small to
require VE and (2) in-house and consultant reviews of air traffic
control towers, together with the competitive bid process, achieve
90 to 95 percent of the cost reductions that a VE study would
achieve. However, we found that FAA funds up to 50 percent of the
cost of public use areas for passenger terminals and that such

TIncludes Washington, D.C.
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costs generally make up about 60 percent of the facility's cost.
Furthermore, as discussed in chapter 2, the two FAA VE studies
demonstrated that VE is not only suitable, but it also produced
and identified savings after the projects had been subjected to
FAA's normal reviews,

OTHER FACTORS AFFECTING VE USE

Several other factors have limited the use of VE According
to a 1981 Transportation Research Board report, the pr ODlémS in
implementing and managlng VE programs are more behavioral and
organlzat10naL than technical. For example, engineers have widely
varying perceptions about what VE really is. Many engineers and
designers are not familiar with VE, and they often mistake tradi-
tional cost-cutting techniques for VE. Therefore, they assume VE
is being performed when in reality generally accepted VE princi-
ples have not been implemented. The report also notes that
another problem is resistance to change, often causing revie
VE recommendations to become a defense of the original design

o]
. T . P . R [P .. | ]
u

rather than a candid appraisal of the recommen
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CHAPTER 4

CONCLUSIONS, RECOMMENDATIONS, AND AGENCY COMMENTS

VE is a proven cost-control technique that can be used alone
or used to complement other techniques. When used, it has
historically produced a net reduction of 3 to 5 percent of total
project costs. We believe that VE has the potential to save DOT,
which has a large construction program (more than $16 billion in
fiscal year 1983), and its grantees millions in project costs if
it is required for DOT construction programs. The cost of estab-
lishing, implementing, and maintaining a VE program would be more
than offset by the savings achieved.

To be most effective, VE should be performed early during
project design and should incorporate the key characteristics of a
successful program: top management support, full-time VE staff,
establishment of project-selection criteria and follow-up imple-
mentation procedures, adherence to generally accepted VE
principles, and supervision of program activities.

RECOMMENDATIONS TO THE
'SECRETARY OF TRANSPORTATION

We recommend that the Secretary of Transportation establish
and implement a policy to require FHWA, FAA, FRA, and UMTA to
supplement their normal cost-reduction procedures for construction
programs with a VE program. The policy should be flexible enough
to recognize and address the operating differences among the
~administrations. In establishing a policy, the Secretary should
require that

--criteria, such as a certain dollar threshold, for selecting
projects to be value engineered be established by the FAA,
FHWA, and UMTA administrators;

--VE be performed during the early stage of project design;

--VE be performed in accordance with generally accepted VE
principles, including use of a multidisciplined team and a
VE job plan;

--VE be performed either by qualified administration
officials or by private firms;

--follow-up procedures be established to assure that approved
VE recommendations are implemented; and

--a full-time VE program staff be appointed at the department
level. The VE staff's responsibilities should be to

- help the administrations develop specific VE programs
and goals;

- monitor the results of the administrations' VE programs,
particularly estimated initial and life-cycle cost
savings and implemented recommendations;
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- provide a focal point to disseminate information on VE
application, techniques, results, and innovative alter-
native processes and construction methods; and

- develop a VE training program for administration
officials.

AGENCY COMMENTS AND OUR EVALUATION

DOT made the following comments on this report:

--It agrees in general with the findings that a broader
application of VE could help to reduce construction costs
in DOT programs.

~-=-0OMB Circular A-102 appears to prohibit the imposition of a
VE requirement upon grantees. DOT said that the exceptions
permitted under paragraph 10 to Circular A-102, and the
agency approvals provided for under paragraph 3C, Capital
Expenditures of OMB Circular A-87, do not allow grantors to
impose special VE requirements. The exceptions to para-
graph 10 apply only to grantees whose performance is sub-
standard and for whom additional requirements are needed.
In addition, the special agency approvals permitted in A-87
normally apply to unusual capital expenditures that a
grantee wishes to make under an existing grant project.

DOT concluded that these approvals in no way permit a
federal agency to invoke additional administrative
requirements.

--Several times in the past, DOT, as part of an interagency
study group, requested that OMB include a policy to
encourage VE in Attachment O to OMB Circular A-102.
Specifically, DOT had proposed a government-wide policy
that would encourage grantees to consider VE during design
and to incorporate VE provisions in contracts that are of
sufficient size and duration to offer reasonable opportun-
ities for cost reductions. However, VE standards were
excluded when Attachment O was revised in 1979 and A-102
reissued in 1981. DOT is currently chairing an inter-
agency review group to review the property and procurement
standards of Circular A-102. DOT plans to contact OMB
and request that it give special attention to including VE
in the revisions to the Attachment O procurement stand-
ards. DOT believes this to be a necessary action prior to
issuing a Department policy.

~-DOT will examine the VE process and its direct
construction programs to define a policy that encourages VE
to be performed during the early stages of project design
using generally accepted VE principles.

--Because the direct construction program is relatively
small, performance of VE studies by full-time, in-house
staffing is not likely to be feasible. Such an activity is
subject to OMB Circular A-76, which requires that the
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government rely on the private sector for goods and
services it needs whenever it is economical to do so.

--Appointing a full-time VE staff at the Department level
would not be warranted to monitor program activities.

In July 1984 the OMB Associate Administrator for Policy
Development told us during a meeting that OMB Circulars A-102 and
A-87 do not prohibit other DOT administrations from imposing VE
requirements on their grantees. He also stated that because this
report's recommendations on implementing a VE program are suffi-
ciently broad, OMB does not consider them to be intrusive on state
and local governments. In fact, EPA requires value engineering in
its construction programs.

We reviewed the documentation prepared by the interagency
study group. We found that, in contrast to our recommendation,
the study group recommended a government-wide policy to encourage
rather than require grantees to use VE for construction activi-
ties. However, we endorse DOT's proposal to again discuss the VE
policy issue with OMB. We suggest that the interagency review
group use our report to demonstrate to OMB that VE has the poten-
tial to produce substantial savings on DOT's direct and grant con-
struction programs even after other cost-reduction techniques are
used.

After DOT commented on this report, we found that on May 16,
1984, the group submitted additional comments to OMB's review of
Circular A-102. The group questioned whether OMB standards should
set forth a policy on grantees' use of VE. The group suggested
three options: providing no specific guidance on VE (retaining
current standards), providing guidance encouraging grantees to use
VE, or providing guidance to require grantees to use VE. Accord-
ing to the group chairperson, OMB did not adopt any of the
suggestions.

We disagree that DOT should only encourage VE for its direct
construction programs. As an example, FHWA's policy for the last
8 years has been to "strongly encourage" states to use VE. Since
then, only 13 states have implemented a program. We believe that
DOT should have a flexible Department-wide policy for its direct
and grant programs. Therefore, we are urging DOT to develop a
policy that requires rather than encourages VE. In this regard,
the OMB Associate Administrator for Policy Development informed
us, in July 1984, that in areas where VE has potential to reduce
costs, a mandated VE program is more effective than encouraging VE
use,

With regard to the use of the private sector to obtain goods
and services when it is economically feasible to do so, we
encourage DOT and its grantees to rely on private engineers to
perform VE studies when necessary.

We also question DOT's position that a full-time VE staff is
not warranted at the Department level, As stated earlier, several
states with successful programs identified a full-time VE staff as
a key characteristic of a successful program., We also believe
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that the magnitude of DOT's construction programs—--over $16
billion in fiscal year 1983 alone-—and VE's potential to produce
substantial savings warrant at least one full-time VE staff member
at the Department level. Further, any costs incurred in appoint-
ing a staff member would be more than offset by VE savings.
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OBJECTIVES, SCOPE, AND METHODOLOGY

In December 1982 we issued a report that demonstrated the
feasibility of using VE to reduce costs on mass transit construc-
tion projects funded by UMTA. Because of the potential for sav-
ings, we expanded our work to other DOT administrations with
construction programs. We made this review to determine (1) DOT's
policy on the use of VE for the design of construction projects,
{2) the impact of FHWA's policy of encouraging the states to use
VE, (3) the success of the Coast Guard's VE program, and (4) the
feasibility of applying VE on the design of FAA and FRA
construction projects.

To accomplish our review objectives, we performed work at DOT
and its administrations as described below:

DOT

We met with Office of Policy officials to determine if DOT
had a policy on the use of VE when designing construction
projects.

FHWA

We identified and discussed with administration officials and
FHWA's VE Coordinator the methods that FHWA uses to encourage
gstates to use VE and other cost-reduction techniques. We reviewed
FHWA's VE training workshop program to identify the number and
cost of VE workshops; the number of federal, state, and local
officials that were trained; and the savings resulting from
projects that were value engineered during the workshops.

To determine the extent that states use VE and their
resulting savings, we sent a questionnaire to 50 states, the
District of Columbia, and Puerto Rico in April 1983. The
results are summarized in appendix V. To determine the number of
states with a VE program, we asked the states to provide a typical
VE study when they returned the questionnaire. We reviewed the VE
studies to determine if they were completed using generally
accepted VE techniques, such as a multidisciplined team and the VE
job plan. 1In those cases in which the states indicated that they
used VB, but did not submit a VE study, we made follow-up calls to
state highway and/or VE officials to obtain additional
information. 1In addition, reviewing questionnaire results may
lead to a different conclusion because some officials were uncer-
tain about what VE really is. Further, some of the states with a
program provided updated VE savings after they returned the
questionnaire.

After determining the universe of states that had implemented
VE, we selected three states with successful programs to visit in
order to identify the key elements of their programs. The states
were selected on the basis of the amount of savings they identi-
fied and/or number of projects that they value engineered. 1In
addition, we wanted a cross section of states that value engineer
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projects, as well as a state that value engineers highway and
bridge standards rather than individual projects. To assure that
the states we selected were representative of states with success-
ful VE programs, we had follow-up discussions with FHWA's VE
Coordinator and state VE officials. We discussed VE programs with
Florida, North Carolina, and Pennsylvania state highway VE offi-
cials and an FHWA division office official in each state. The
state VE officials also provided current year VE savings. Because
our objective was to identify key elements of a successful VE
program, we did not take the time needed to verify the savings.

c6

Our review work was performed at the Civil Engineering
Division, the only CG administration with a VE program. At CG
headquarters in Washington, D.C., we discussed the division's con-
struction programs and VE criteria and requirements and obtained
fiscal year 1982 VE savings reported by 7 of 12 district offices.
We visited district offices in Boston, Massachusetts, and Seattle,
Washington, to determine if they were performing VE in accordance
with division criteria. We selected these districts because of
the VE savings they reported to headquarters in fiscal year 1982
and because the Chief, Civil Engineering Division, told us that
the Seattle district had the best VE program. At the districts,
we discussed the VE program with Civil Engineering Branch offi-
cials. Branch chiefs are responsible for establishing procedures
to implement VE at the districts. We reviewed fiscal year 1982 VE
savings reports and nine project designs at the two districts to
determine if VE had been used to reduce costs. We also contacted
the technical assistant chief in the Portsmouth, Virginia, dis-
trict office and the chief of the Civil Engineering Branch in the
Miami, Florida, district office to determine why their VE programs
had not produced any savings.

We obtained the four VE studies that were performed by a
private firm on four large Civil Engineering Division construction
projects. We reviewed the studies to determine if they conformed
to generally accepted VE principles and to determine implemented
recommendations and VE savings. We did not verify the savings. A
CG VE headquarters official said that the savings were verified by
VE officials in the district where the facilities were
constructed.

FAA

To determine if VE could produce savings on FAA projects, we
arranged to have a standard, medium-sized air traffic control
tower and administrative building value engineered during a VE
training workshop. The VE study team was primarily composed of
state highway engineers. The instructors conduct training
workshops under contract with DOT and FHWA.

To demonstrate that VE could produce savings on passenger

terminals, we contracted with Smith, Hinchman, and Grylls Associ-
ates, Inc. in Washington, D.C., an architectural/engineering firm,
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to summarize the results of its VE study on a passenger terminal
at the new Atlanta airport. The summary is presented in appendix
vVI. ‘

FRA

, We examined the potential of applying VE concepts on FRA's
~only construction activity--the $2,19 billion Northeast Corridor

- Improvement Project. However, we could not demonstrate the feasi-
bility of using VE to reduce project costs by performing a VE
study because most major project components were beyond the stage
of development to most effectively use VE. 1Instead, we discussed
similarities between FRA and UMTA facilities and the feasibility
of using VE on future FRA construction projects with the FRA
Northeast Corridor Project directors of design and engineering.

UMTA

Because we previously demonstrated the potential of VE on
UMTA projects during our 1982 UMTA VE report, we did not perform
- any additional work at UMTA during this review. During the pre-
' vious review, we arranged to have VE studies performed on two
- typical UMTA-funded construction projects. We have included a
- summary of the studies in chapter 2 of this report to demonstrate
. that VE identified potential savings.

% OTHER ORGANIZATIONS

We discussed the feasibility of using VE to reduce
transportation construction costs with the American Association
of State Highway and Transportation Officials, American Consult-
ing Engineers Council, American Institute of Architects, American
Public Works Association, American Road and Transportation
Builders Association, American Society of Civil Engineers, Insti-
tute of Transportation Engineers, National Academy of Engineers,
and the National Society of Professional Engineers in Washington,
D.C.

We contacted the General Services Administration's former
Director of the Cost Management Division to determine if the
Public Building Service's VE program had produced savings since
1980. We also contacted Mr. Alphonse Dell'Isola, an internation-
ally recognized VE authority, to determine the factors that should
be used to select projects for VE.

Our review was made in accordance with generally accepted

government auditing standards. The time frame of our review was
October 1982 through December 1983,
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Q

U.S. Department of Assistant Secretary 400 Seventh St., SW.
Transportation for Administration Wasghington, D.C, 20590
bl 25

Mr. J. Dexter Peach

Director, Resources, Community
and Economic Development Division
U.S. General Accounting Office
Washington, D.C. 20548

Dear Mr. Peach:

We have enclosed two copies of the Department of Transportation's (DOT)
reply to the General Accounting Office (GAO) draft report, "Greater Use of
Value Engineering Has the Potential to Save the Department of
Transportation Millions In Construction Costs,"” dated April 12, 1984.

GAO concluded that Value Engineering (VE) is a technique that can reduce
costs and improve productivity. When applied to construction programs, it
can identify savings after other cost reduction techniques have been used.
Although DOT does not have a VE policy for its construction programs, VE
is used to a limited degree by DOT's operating administrations as one of a
variety of techniques to reduce construction costs. However, GAQO believes
VE has the potential to save additional costs.

The Department agrees in general with the finding that broader application
of VE could help to reduce construction costs in DOT programs. However,
contrary to the GAO report, the Office of Management and Budget (OMB)
Government-wide standards have not permitted DOT to issue a VE policy on
Federal-aid construction. On several occasions, DOT has proposed and
submitted to OMB a Government-wide policy on VE; those proposals have
not been adopted. Nevertheless, DOT will request that OMB consider a
Government-wide VE policy in an interagency effort, initiated by OMB and
now underway to streamline OMB Circular A-102, Uniform Requirements for
Assistance to State and Local Governments. If OMB adopts our proposal,
DOT will develop a VE policy that applies to Federal-aid construction
projects.

If we can be of further assistance, please let us know.

Sincerely,

Enclosure , p W

obert L.

GAO note: Page references in this appendix have been changed to
correspond with page numbers in the final report.

28



APPENDIX II APPENDIX II

DEPARTMENT OF TRANSPORTATION (DOT) REPLY

10
GENERAL ACCOUNTING OFFICE (GAO) DRAFT REPORT

OF APRIL 12, 1984

ON

GREATER USE OF VALUE ENGINEERING (VE) HAS

THE POTENTIAL TO SAVE THE DOT MILLIONS

IN CONSTRUCTION COSTS

SUMMARY OF GAC FINDINGS AND RECOMMENDATIONS

- Value engineering (VE) is a technique that can reduce costs and improve

- productivity. When applied to construction programs, it can identify savings

~after other cost reduction techniques have been used. Although the

- Department of Transportation (DOT) does not have a VE policy for its

1 construction programs, VE is used to a limited degree, and has produced

- savings on projects funded by the Federal Highway Administration (FHWA) and

~the United States Coast Guard (USCG). DOT's operating administrations use a
variety of techniques to reduce construction costs, however, the General
Accounting Office (GAO) believes VE has the potential to save additional
costs. GAO noted that:

The Procurement Standards in Attachment O to Office of Management and

Budget (OMB) Circular A-102, Uniform Requirements for Assistance to

State and Local Governments, are the bases for DOT's policy regarding

grantee contracting and the operating administrations' implementing

guidance. Attachment O prohibits Federal agencies from 1imposing

additional procurement requirements or subordinate regulations on

grantees; however, GAO believes that this prohibition does not apply to

imposing VE requirements on capital expenditures. m

FHWA has spent about $3 million for workshops since 1975 to train about
2,000 state highway department officials, 565 Federal officials, and 50
consultants to encourage the states to use VE on highway and bridge
projects. As a result of FHWA's efforts to promote VE, 13 states have
implemented a VE program and have identified over %94 million in
potential savings for the current year.

USCG requires a VE study for construction projects costing more than
$200,000. During Fiscal Year 1982, the agency reported gross savings of
over $4 million from the in-house value engineering program. During the
same period, a consultant value engineered four projects and produced
$1.5million in gross savings. GAO's assessment of the in-house effort
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showed that it had not been fully impiemented in accordance with the
agency's criteria. However, USCG has taken actions that should make the
program even more effective.

The Federal Aviation Administration (FAA) does not require or encourage
VE oneits construction projects. The agency uses in-house, grantee, and
design consultant reviews to reduce costs. GAO arranged for an
architectural/engineering firm to value engineer a passenger terminal
and an air traffic control tower. The VE effort identified significant
potential cost reductions.

GAO's report of December 29, 1982, on the potential of VE to reduce
costs on mass transit construction projects described a VE study on one
aspect of a subway station., It identified $3.1 million or 18 percent in
potential savings for the Urban Mass Transportation Administration
(UMTA) grant project. However, it was impractical to implement any of
the VE recommendations because station designs were 90 percent
completed. Another study on a bus maintenance facility identified
potential savings of over $900,000 or about 15 percent. The facility
owner planned to implement recommendations that would reduce costs by
about $360,000.

The Federal Railroad Administration (FRA) did not require VE on its only
large project--the nearly completed $2.19 billion Northeast Corridor
Improvement Project (NECIP) designed to rehabilitate the rail passenger
line between Boston and Washington, D.C. No attempt was made to
demonstrate the feasibility of using VE on such facilities because most
major components have been designed, are under construction, or are
completed.

GAO recommends that the Secretary of Transportation establish and implement a
policy to require FHWA, FAA, UMTA and FRA to supplement their normal cost
reduction procedures for construction programs with a VE program. The policy
should recognize and address the operating differences between the
administrations, require VE to be performed in the project design stage in
accordance with accepted VE principles, provide for VE to be performed in-
house or by private firms, provide for followup procedures to assure proper
implementation, and provide for a full-time staff at the Departmental level
to assist operating administrations.

SUMMARY OF DEPARTMENT OF TRANSPORTATION POSITION

The Department agrees generally with the findings that VE can identify areas
of potential cost reduction in DOT construction programs. VE is already used
to some extent in the Department. In the direct construction program, VE has
been used in the design and construction phases of projects to cut costs. In
the grant construction programs, the effort has been mainly that of

education, encouragement and voluntary participation, together with certain
cost reduction techniques other than VE. We agree that the application of VE
could be broadened and strengthened by a Secretarial policy statement

providing certain implementation and monitoring requirements. For direct
construction, we will examine the alternatives with the objective of

30



CAPPENDTX TIX APPENDIX II

3
developing VE policy guidance in the near future. However, contrary to the
GAD Report we heliave the MR Governmant~wide ctandamde nms mod ~loze wish
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regard to the application of a VE policy for grant-funded construction. In
fact, the terms of OMB Circular A-102 appear to prohibit the imposition of a
VE requirement upon grantees. In addition, several times in the past, we
have requested OMB to set forth a Government-wide policy to encourage VE
regarding construction under Federal assistance programs, and have submitted
draft provisions to be included in OMB Circular A-102. OMB has rejected
these proposals. The Department has not established a VE policy because the
terms of the Circular and OMB's past practice appear to prohibit such
establishment. Once more, we will request OMB to consider establishing a VF
policy under a current interagency effort that was initiated by OMB in
November 1983, to review and streamline Circular A-102. If OMB adopts our

proposal, we will develop a Departmental policy for grant-funded
construction.

[GAO COMMENT: See agency comments and our
evaluation on page 22 and 24.]

POSITION STATEMENT

The Department will examine the VE process and its direct construction
programs to define a policy which encourages VE to be performed during
the early stages of project design using generally accepted VE
principles. The type of criteria for selecting projects to be value
engineered will be examined so that VE will be used where it is most
effective.

The size of our direct construction program is relatively small;
therefore, performance of VE studies by full-time in~house staffing is
not likely to be feasible. In addition, such an activity is subject to
OMB Circular A-76, Performance of Commercial Activities, which requires
that the Government rely on the private sector for the goods and
services it needs whenever it is economical to do so. Also, a full-time
VE program staff at the Departmental level would not appear to be
warranted. However, we agree that monitoring VE results at the
Departmental level 1is necessary to assure that the program is cost
effective,

Based on our experience and dealings with OMB regarding Circulars

A-102 and A-87, Cost Principles for State and Local Governments, we
disagree strongly with the conclusion on page 17 of the report that
grantor agencies can impose VE regquirements on grantee construction
projects. We believe that the rcferences to the exceptions permitted
under paragraph 10 to Circular A-102 and the agency approvals provided
for under paragraph 3C, Capital Expenditures, to A-87 do not allow
grantor agencies to impose special VE requirements. The exceptions in
paragraph 10 permitting additional requirements pertain to problem
grantees, and are permitted only when grantee performance is so
substandard that additional requirements are needed to ensure proper
performance. The special agency approvals permitted in A-87 normally
apply to unusual capital expenditures that a grantee wishes to make
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under an existing grant project. These approvals in no way permit a
Federal agency to invoke added administrative requirements; instead,
they allow a Federal agency to approve grantee requests which are
outside the general allowable costs. Since 1976, our Department has
been requesting that OMB include in Procurement Standards, Attachment O
to OMB Circular A-102, a policy on VE. We have been recommending a
policy whereby grantees are encouraged to consider VE during design, and
to incorporate VE provisions in contracts that are of sufficient size
and dprat1on to offer reasonable opportunities for cost reductions.
This yas first proposed when we chaired the Interagency Study Group to
Revise the Attachment O Procurement Standards. The recommendation was
made in several draft versions until Attachment O was revised on August
1, 1979. However, OMB elected to exclude VE standards, and no provision
was included in the revised Attachment 0. We also made a similar
recommendation in 1980 when we chaired the Interagency Task Group on
Procurement Under Grants for the Uniform Procurement System effort.
Circular A-102 was reissued in January 1981, but again OMB issued the
Attachment O standards without setting forth a policy on VE. Because
grantor agencies are prohibited from imposing additional requirements
on grantees, and because of OMB's continuous and frequent reluctance to
incorporate a provision encouraging VE, we cannot nor do not presume
that it is permissible to develop a DOT policy that would require VE.
In fact, the only reasonable interpretation we could make was that OMB
did not want us to set forth a VE policy. Because of the OMB actions,
the FHWA activity was maintained at a Tow-key level, and no Departmental
policy was established. However, this is an opportune time to again
surface the VE policy issue with OMB. At the request of OMB, we are
chairing the current Interagency Review Group to Review the Property and
Procurement Standards of Circular A-102. We will contact OMB on your
recommendation, and request that they give special attention to
including a VE policy in the revisions to the Attachment O Procurement
Standards. We believe this 1s a necessary action prior to issuing a
Departmental policy.

[GAD COMMENT: See agency comments and our
evaluation on page 22 and 24.]

The first paragraph on page v of the draft report includes the
following statement: "States receiving DOT grants for highway projects,
however, can retain all savings on highway projects as long as the funds
are used for other federally-funded projects." This statement is not
entirely accurate, and should be corrected by inserting the word
"highway" between "federally-funded" and "projects" to clarify that the
other projects must be federally-funded highway projects.

[GAO COMMENT: We made the correction in
the final report. See pages v and 17.]

In addition, this is somewhat misleading. Many states have unofficially
stated that there is little incentive to possibly delay the project to
do a VE study when a minimum of 75 percent of the savings are vested in
Federal funds, and in some cases 100 percent. There is no real
incentive on the state's part to save the Federal Government's money.
This is flawed logic because as GAO points out, there is a real benefit
to the state. It, nevertheless, is a perceived concern on the part of
some states.
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[GAO COMMENT: DOT agrees with our
position.]

The statement in the first paragraph on page 5 that several colleges
and universities include VE in their engineering curricula is
misleading because there has not been a universal recognition of the
need to provide instructions on VE in a large number of colleges and
universities. Some schools offer elective courses on VE, but the
courses are more limited than the draft report seems to imply.
Therefore, we believe the draft should be changed to reflect a more
1imited number.

[GAQO COMMENT: <Changes were made to show
that several colleges and universities
included VE as an elective in their
engineering curriculum, (See p. 5.]

The reference to the "American Road Builders Association” on line six
of the third full paragraph on page 5 should be changed to "American
Road and Transportation Builders Association." :

[GAQ COMMENT: We made thé above corrections
in the final report. See p. 5.]

On the last line of the first paragraph on page 6, GAO states: "In
addition, USCG, FAA, and FRA have direct construction programs."
FHWA also has a direct construction program which is small in
comparison to the Federal-Aid Highway program with the states.
However, it approximates the size of the programs cited for USCG,
FAA and FRA and, therefore, should be included.

[GAO COMMENT: We have included FHWA's direct
program on page 39.]

The reference to the "Federal-Aid Highway Manual" on line one of the
last paragraph on page 6 sheuld be changed to "Federal-Aid Highway
Program Manual."

[GAO COMMENT: We made the above corrections
1n the final report. See page 6.]

On page 6, GAO discusses the $3 million expenditure for 102 VE
workshops. It should be mentioned that some of that expenditure was by
the states to staff the workshops with participants (salaries, travel,
overhead, support facilities, etc.). The $3 million should be
identified as "“state and FHWA investment" in the workshops. Also, the
correct number of workshops should be 104 instead of the 102 number that
was originally provided to GAO.

[GAO COMMENT: We made the above corections
in the final report. See page 6.]
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The wording in the last paragraph on page 7, "FHWA selects projects for
workshops that have gone through the states' normal cost reduction
reviews. ", should be changed to ". . . the host agency and
instructors select projects for the workshop that may have already gone
through the state's normal cost reduction review process, and that are
proceeding toward actual construction." In a large number of cases, the
states themselves select the projects that the highway agency wants
value engineered, and the VE workshop is a convenient vehicle for
accomplishing the studies. In most cases, FHWA does not have a large
role in selecting the workshop projects. ‘

[GAO COMMENT: We made the above corrections
in the report. See page 7.]

In the second paragraph on page 19, GAO states that FHWA "considered
mandating VE and other cost reduction strategies in 1980, but did not
because input from division offices indicated that the relationship
with the states would be adversely affected by imposing additional
requirements." GAO believes that a "required" rather that a "voluntary"
VE program would expedite FHWA's VE efforts and produce additional
substantial cost savings. For the report to be accurate, it should
reflect that FHWA considered mandating VE in both 1975 and 1980.
Effects on the state-Federal relationship were only part of the reason
for rejecting the concept. The previous proposals were too prescriptive
in that they required the application of VE to all projects over a
stated dollar threshold. (On page 21 of the report, GAO refers to
dollar thresholds under the first itemized criterion for establishing a
Departmental policy.) High cost projects might seem to show the best
potential for savings, but this is not always the case. We have serious
reservations about requiring VE reviews for specific categories of
projects. This emphasizes the individual administration's need for
flexibility in administering any agency VE program.

[GAO COMMENT: We included in the final report that FHWA
considered mandating VE in 1975. See p. 19. We also agree with
DOT that high cost projects might not always have the best poten-
tial for savings. As discussed on pp. 4 and 20 of the report, we
recognize that cost is a good indicator but should not be the sole
determinant for selecting projects to value engineer. We cited
other factors that should be considered, including type and size
of projects.

We are unable to evaluate DOT's "serious reservations" about
requiring VE reviews for specific categories of projects because
DOD did not cite its reservations nor identify those categories of
projects.]

The reference to the "American Association of State Highway
Transportation Officials" in Tine two of the third paragraph on page 27
should be changed to "American Association of State Highway and
Transportation Officials." '

[GAO COMMENT: We made the above correction
in the final report. See page 27.]
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The chart on page 37 of the report incorrectly presents air terminal
buildings as being eligible for d1rect Federal funding. Terminal
ible for mmercial service airports

develppment is only eligible for funding at commer vic t
under FAA's Airport Improvement Program (AIP) and, therefore, should
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DOT correctly pointed out that "operatlng costs are not
Elglblt for federal yaLuquyaLLuu,' and we revised the report to
show that the $14 million in operating savings were to the
grantee. (See p. 12.)]

FAA believes that terminal building construction may be the only area
where appreciable benefits of VE analysis can be realized. In Fiscal
Yeaf 1983, approximately $37 million of AIP funds were used for terminal
projects. Assuming ail of these projects were amenable to VE analysis,
a net savings of from $1 to $2 million could have resulted, appTywng
GAO's criteria of 3 to 5 percent cost reductions. Although this is a
respectable sum, it is far less than GAQ's chart on page 37 may imply.
If a 5 percent cost reduction factor is applied to the $800 million
funding allocation presented on page 37, it appears that a savings of up
to $40 million could be obtained (5 percent of $800 M = $40 M). FAA
believes that the $1 to $2 million savings projection would be a more
realistic estimate. In general, FAA has no objections to encouraging VE
analysis or grant-funded construction projects, but the benefits of
requiring the process is not as convincing as the GAO draft report
portrays.
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[GAO COMMENT: We recognize that only $37 million of the $800
million in Airport Improvement Program funds were for terminals,
with the balance for constructing runways, taxiways, and fire and
crash buildings. Although we did not specifically develop a case
to show that VE can be applied to each of these types of projects,
an internationally recognized VE expert advised us that VE can
produce savings on these types of FAA funded projects.]

The previous UMTA position on VE as reported to GAO has not changed.
UMTA agrees that VE can be a valuable technigue in reducing construction
costs; however, UMTA believes that VE is only one component of a prudent
and responsible program for the cost-effective control of large-scale
construction projects. UMTA VE guidelines and training sessions are
being developed to fully inform UMTA and grantee management staff of the
benefits of VE as a cost reduction technique.

Page 15 of the report includes a statement that the House Subcommittee
on Transportation Appropriations directed UMTA to take necessary steps
to apply VE to grant-funded construction projects with estimated costs
exceeding $150 million. The report should reflect that UMTA has applied
VE to two major new start projects--Los Angeles Wilshire Corridor and
San Jose Guadalupe Corridor. Each of the VE reviews under these
projects has produced significant cost reductions.

[GAO COMMENT: According to an UMTA headquarters grants management
official, VE produced actual savings of $43.4 million on the Los
Angeles projects. 1In addition, VE identified about $25 million in
potential savings, with possible additional $4.4 million in sav-
ings on the San Jose project. Final decisions have not yet been
reached on this project. Although we did not verify the savings
or potential for savings, those savings further support our belief
that DOT should establish a Department-wide VE policy.)

Although VE is not required by FRA, the GAO draft report inaccurately
reflects that VE is not being used under the NECIP. FRA has and
continues to use VE. When GAO interviewed the NECIP's Chief Design
Engineer, the auditors were shown a copy of the FRA Design Management
Manual. The Manual describes the VE principles to be applied throughout
the design of the Northeast Corridor projects. Furthermore, the design v
engineers and cost estimators work to a "design to cost" edict, whereby,
whenever a cost estimate for a project exceeds its budget, the scope of
work is reviewed for alteration in order to stay within budget. The GAD
auditors acknowledged the high degree of direct involvement in the
project by FRA engineers during the interviews. Also, they discussed
with FRA the similarity of NECIP to some of UMTA's projects and that,
therefore, the VE practices also could be applied on UMTA projects.
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[GAO COMMENT: We agree that VE was used on the corridor project,
but not on a continuing basis. DOT and the project's design'firm
acknowledged that design and cost engineers work to a "design to
cost" edict. Unlike the design-to-cost concept, VE always
examines the functions of a project to achieve the lowest overall
cost, rather than reducing the scope of work only when costs
exceed budget. However, FRA did provide us with three VE studies
tbat were performed during FHWA workshops on three relatively
minor aspects of the corridor project, such as reducing the type
and size of fences near the tracks. None of the VE recommenda-
tions were implemented because the fences and the project elements
were eliminated due to funding cutbacks.

DOT also stated that the FRA Design Management Manual
describes the VE principles that are to be applied to the design
of the Northeast Corridor projects. However, according to our
review, the manual describes VE only as a technique that can be
used to ensure the effective use of valuable resources.]

To more accurately reflect the scope of the NECIP which is presented on page
16 of the report, we are providing the following 1ist of major elements:

Modernizing the communications and signals system;
Constructing four maintenance-of-way facilities;
Rehabilitating four equipment repair workshops;

Rehabilitating 12 and constructing three new railroad stations;

Rehabilitating 200 and replacing 11 bridges, including two moveables;
Restoring the 110 year old tunnel in Baltimore;

Eliminating 32 public and 17 private grade crossings;

Installing concrete tier over 416 track miles, installing 739,000 wood
ties, and surfacing 590 track miles for high speed operations;

Fencing all parkland adjacent to the corridor; and

Twenty-two civil engineering projects to improve track drainage,
reconfigure interlockings, and realign tracks.
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PREVIOUS GAO REPORTS ON VALUE ENGINEERING

value Engineering Should Be Improved As Part of the Defense
Department's Approach to Reducing Acquisition Cost
(GAO/AFMD-83-78, Sept. 27, 1983).

Water Resource Construction Costs Could Be Reduced If value
Engineering Were Applied to More Designs and Applied Earlier in
the Design Process (GAO/RCED-83-127, May 11, 1983).

Value Engineering Has the Potential to Reduce Mass Transit
Construction Costs (GAO/RCED-83-34, Dec. 29, 1982).

Potential Exists to Reduce Construction Costs Through More
Effective Promotion of the Value Engineering Incentlve Program
in the Department of the Interior (085636, Dec. 1, 1982).

Letter from the Comptroller General to the Chairman, Senate
Committee on the Budget, discussing GAO's position on the value
engineering technique (B-165767, Feb. 5, 1979).

Department of Defense Value Engineering Program Needs Top
Management Support (PSAD-78-5, Nov. 16, 1977).

Potential of Value Analysis for Reducing Waste Treatment Plant

Need for Increased Use of Value Engineering, a Proven
Cost-Savings Technique in Federal Construction (B-163762, May 6,
1974).

Value Engineering Program Needs to Be Improved and Reinstated
(B-118779, May 10, 1972).

Opportunities for Increased Savings by Improving Management of
Value Engineering (Design and Manufacture Simplification)
Performed by Contractors (B-165757, Aug. 25, 1969).
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Agency

v

DOT CONSTRUCTION PROGRAMS AND

FISCAL YEAR 1983 ALLOCATIONS

Program Type of
funding construction

FHWA

UMTA

FAA

FRA

FHWA
FAA

ca

Total

AExpendit

Source:

APPENDIX IV

Funding
allocation

(in millions)

Grant

Grant

Grant

Direct

Direct

Direct

Direct

ures.

DOT

Constructing, reconstruct-
ing, and repairing
highways, roads, bridges,
and rest areas.

Constructing subways and
extensions, bus stations,
garages, and maintenance
facilities.

Constructing runways, taxiways,
aprons, terminals, and fire
and crash buildings.

Constructing passenger
stations, maintenance
facilities, bridges, and
tracks.

Constructing forest highways
Indian reservation roads,
park roads, and parkways.

Constructing air traffic
control towers and radar
approach control buildings.

Constructing administration
buildings, family housing,
clinics, search and rescue
stations, and runways.
Repairing and rehabilitating
hangers.
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$12,000

2,900

800

2632

195

49

37

$16,244
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tructions

The U.5, General Accounting Oftlce (GAD), an
agency ot the Congress, §5 studying the use of cost
reduct lon methods such as value englnsering, on
constryction projects funded by the Department of
Transportation, The purpnse of this ouestionnaire s
to flnd out how States control construction costs
through the design ot Federaliy-tunded hlghway ano
bridge projects,

Flease complete the questionnalire and return |t
In the pre-addressed envelope within 10 days,
Compiste your snswers by either checking the
spproprlate box or tilling In the Indicated blank,
The quastionnaire should take one to two hours to
compiete depending on the avallability ot records,
It you should have any questlons, please call
Messrs, Ralph Tavares, Kenneth Forbes or Joseph Cohen
at (617) 223653 or 223-7266,

Thank you tor your cooperation,
Return the questionnalre to:

M, Kenneth Forbes

Uu5, GENERAL ACCOUNTING OFFICE
Sulte 1907

100 Summer Street

Beston, MA 02110

*Some questions ask for tiscal year Information,
Please answer them In terms of your tiscal year,

*All answers should include Intormation on all
state oparations, 1,e., hesdquarters, district,
etc,

*All nnswers should Include intormetion on State-
controlled projects only (tor example, exclude
tunds passed through to the local government
when the state Is not responstible for design),

UsSe GENERAL
SURVEY OF STATE HIGHWAY DEPARTMENTS'EFFORTS TO
REDUCE CONSTRUCTION COSTS

APPENDIX

ACCOUNT ING OFF ICE

THROUGH COST-EFFECTIVE DESIGNS

1.

2,

Approximately what were the total number and est|-
mated highway construction costs of the Federally-
funded contracts you were awarded by FHWA In FY 19827

6471 (4-6) 3 6.397 billion (7-15)
(number ) (estimated cost)

what percentage ot your Federally-funded highway con-
struction projects were designed In-house and/or by
consultants In FY 19827

81 $(16-18) 19 $(15-21)
In-house Consultants

Please descrlbe below procedures used to ensure that
designs result In the most cost effective Federally-
funded bridges ano highways. I|f necessary, please

attach additional sheets or dacuments,) (22)
States
Normal Engineering Review 17
Alternate designs, bids, ete. 18
Value engineering 13

The next section deels with value engineering, as
defined below, performed during the pre-construction
phase,

Mame and telephone number ot person completing
quest lonnolre;

Titie ot person completing questionnalre:;

40

Yalue Engineering (VE), Is the systematic applica-
tlon ot recognized techniques by multl discipline
team(s) which Identifles the functlon ot a product
or service; establishes a8 worth for that function;
generates alternatives through the use of creative
thinking; and provides the needed functions and

rellabliity at the lowest overall cost,
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e

Tee what watent, (f 8t all, dld you use vaiue

12

S, (3)
[

To what extent,

newrad?

Tor seums oxtent

T & grest extent

Jinesring on apy ot your projects in FY
T {lheck one,)

Ter nev oxtent (Go to Q,

To 8 moderate extent

To a very gremt extent
Did not respond

12,)

It at all, do you use tha follow~
Ing criteria to select projects to be value engi-

(Check one box tor esch row,)

Feaslbl ity

4 (24)

b d
-

Flnonclal
(l.o,, above
o cortaln
amount)

9 (25)

]

-

Previous
axperlence

(26)

Uther
(Flease
specity,)

unigueness
project
complexity
apecial
project
workshop
Pn“ﬂvu

high cost
yems

@2n

APPENDIX

for the projects that are value engineered, to what

extent, if at all, do you use the following tech-
niques In your planning and design work?

box for ssch row and also check whether or not
documentation |ls typlcally avallable tor each,)

(Check one

1.

Investigating
the basic func~
tlons of the
project

28,29)

2.

UsiIng brain-
storming and
intormal dis-
cussions to
discover alter-
notives for
pertorming the
functions

12

12

(30,31)

3.

Analyzing the
cost and

worth of the
alternatives

13

1.

(32,33)

4

Developing
and refining
the alter-
natlves

12

34,35)

5

Using Ilte
cycle cost-
Ing In
salecting
alternatives

36,37)

6.

Planning and
evaluating
the best way
to present

the project to
doclsionmakers

38,39)

7.

Other
(Please
specity,)

(40,41)

41
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For Faderaliy~tunden bridge ane highway projects

that were value engineered oduring FY 82, approxi-
mately what were 1) the total number, 2) estimated
[

wteuction costs, and 3) estimated savings, i+
any, ot the implemenierd VE recommencations?

APPENDIX V

9, How 18 your VE eftort arganjzen? (Check the most
appropriate answer,) (54)

1.

| 8 1 An integral part of design sratf

(EnYar numbers whers sppropriate,) 2. | 50 A tuli-time separate group
Estimated  Estimated 3, 1 91 Speclal teams are established as needer
Number Costs Savings
4, 1 11 Esteblished tor warkshop tralning only
1. Bridges L] ) various stages during
onty (A2=4%) (51-58) (84-90) 5. 1 11 Other (please specify)plan development
Z. Highuays b b 10, Which ot the fallowing organizaiions! units or people
only (44-45) (59~66) (91-97) are typically representer on your VE teams tor high-
way, bridge or both types of projects? (Check one box
3. Both H47 3 1IGR B 3 71.05M for each row, where applicable.)
highways (46-48) (67-75) (98~105)
and Both
bridges Highways
and Highways {Br idges
4, (ther H H Bridges |only only
(0.9., {49-5() (76-83) (106~112)
rest 1 2 3
sreas
wnd 1. Administration/
specist budget 7 (35)
projects)
2. Cost estimstor 13 (36)
Plesse attach 8 copy of 8 typlical Value 3, Design 22 (37
Englneering study conducted in FY 82,
4, Environmentalist 13 (38)
Of ali the FY 82 projects that were vaiue 5. FHWA 19 39)
englineered, what percentage were value englneered
in~heowse or by consultants? Dup (1~2) 6, Msintenance 15 (40)
2(3)
In=house  Consultants 1, Materials 19 41)
l. Bridges 5 ] 8, Plenning 12 42)
only {4-6) (19-21)
9. Project Manager 1] (43)
2, Highways ] 3
only (7~9) (22-24) 10, Right ot way agent 9 (44)
14 states-100% 1 state 1O
%, Both I state-9H)'% g 10% 11, Satety 10 (45)
bridges (10-12) {25-27)
and | Btate.94% 6% 12, Specltications 14 (48)
highweys | siate 200 KO,
1 state-His HH 13, Trattic (47)
A, Other 3 3 14
(8,9,, (1%-15) {(26-30) 14, Other
rest (Please specity.) (48)
BEBHYG
oo Construction 4
special Lltilities |
projec Bridge .I_
1+ L= 100§ A
TOTAL TOTAL TOTAL .
(o~ 18} (51-33)
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11y Approximotely how many of the hlighway departmant's
statt have taken the tollowing value englneering
tratnlng durlng tha last 5 years? (Enter numbers
whare i{ndicated,)

. 1912 workshop--one week or less
(49.51)

2. 15 Workshop--over one week but less
(52-54) than twn weeks

3. 1  WOrkshop==twn weeks or more
(5%-57)

12, 1t you dn not use value engineering, please
Inficate below the reason(s) why you do not use
i+, (Check all that spply,)

1. 131 Not applicable (we use It trequentiy)

(58)
2, 1 31 Not cost eftective (59)
3. 116 ) Preter present or othsr technigues

(60)
4, | 5 | Don't have trained statt (61)
5 [ 4 | Tried but not successtul (62)
6, 1 0O 1 Mot that temillar with VE (63)
T, 101 Mot required (64)
8. |3 ] Other (Plesse specity,) trial basis

(65)

13, To what extent, If at atl, do you teel value
snginesring has a8 potentiel to be used In the
tollowing areas?

L
& by - & 5? o a ;élf
é§ ff & ff & ﬁféf f? 27 L)
LA g @ &S &
1 ] 3 4 5
1. Bridge 9 8 11 9 5 (66)
2. Location/ (67}
geometrics s finfw]ales
3, Pavemsnts 7 b 1 1 6 (68)
4, Other (6.9.,
rest oaress) . 4 4 10 H 169}

14,

APPENDIX

During the construction phase, 8 cost reduction or VE
Incentive clause permits a contractor to propose
changes in the methods of construction or materiais to
be used, It the propesal Is accepted the agency and
the contractor share the savings, usually on a
predotermined basis, Do you Include such sn incentive
clause in federally-funded bridge and highway
construct lon contracts? (Check one,) (70)

1, 120) Yes

2, | 8] Sometimes

3, 1201 No (GO TO Q. 18.)

What criteria, listed below, do you use to determine

which construction contracts include the cost reduc-
tion or VE Incentive clause? (Check one,) (¢AD)

. [18) Al contracts

2. | 5] Minimum estimated construction cost
(Please specity,) $2M; $100,000; $1.5M
$.5M: 5M
3. | 5] Other (Please spec!ty)early stage, nocriteria,

2 RR proj. as demonstration, unusual projects

what were the total number and estimated con-
struction costs of contracts awarded In which
the clause was included during FY 19827

3,491 (72-74) 3 3.04B (715-82)
(number awarded) (estimated costs)

What were the total number of cost reductlion or VE
change proposals that were approved and the total
actual savings?

91 (83-85) § 2.1M (86~93)
(number approved) (sctual savings)
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18,

It yow ano't yse the incentlve cluase at all, or
wie [t infrequently, why dop't you use (t?

{Check prinary reason,)

1, 1 U] Not applicable

2. 1 D1 HNot required

{74)

{(we use It freguertiy)

3. U0 1 Causes celsys in projects

A, | 21 Hot cost ettective

5, | 6] Megatlve prior experience

6, | 1| Contractors don't want responsibliity
tor nesign chanpes

7. | 91 Other (Please specity,) - considering use | -overworked siail and change order process

1 - overworked staff
2 - legal conflict w/competitive bid laws

APPENDIX ¥

1 - change order process

| - overworked staff and legal problem
Please provide any other comments you may have on
reducing constructinn cnsts thenugh cost-
ettective dasigns. (1 you nesd more space,

pimase attach an additlonsl shest,) (9%)
States

Lhid not anawer 15
More flexibility in

federal standards 3
Standard specification 1
VE incentive funds

{wtate share savings) 1
Alternate design 3
Contractor changes 6

Task force

Cout effective process

Comprehensive survey

MMS -4-83

44



APPENDIX VI APPENDIX VI

SH&A

September 20, 1983

Mr. Ken Forbes

Auditor

U.8. General Accounting Office
100 Summer Street

Boston, Massachusetts 02110

Dear Ken:

Please find attached a final submittal for our work on the Atlanta Airport
Value Engineering. Since we have already forwarded master copies, the attach-
ment contains updated master pages 1, 3 and 4 as well as a copy of the entire
document.

It has certainly been a pleasure to be of service to GAO and do not hesitate
to call us again in the future.

Very truly yours,

Ae Jo Dell'lsola, PE, CVS

Vice President & Director
Value Management Division

AJID/kt
Enclosure

Vadue Management Division 1050 171h Street. VW Suite 800 Washingnon. DG 20036 202/206-4090
A Diviston of siath. Phinehiman & Grylls Associates. Ine.

AL D ol PE Nice President & Direcror
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Ir.

Final Submittal
9/20/83

VALUE ENGINEERING APPLICATION

AIRPORT TERMINAL FACILITIES

INTRODUCTION
This report summarizes and documents the results of a value engineering
(VE) study performed on an FAA funded terminal building and concourses at
the new William B. Hartsfield International Airport in Atlanta, Georgia
(Figure 1). The results of the study produced about $7 million in initial
savings and over $14 million in present value of annual operations and
maintenance cost savings or $21 million savings in life cycle costs. In
addition, the study resulted in the facility using about 357 less energy
than comparable facilities 1in Dallas and Chicago. The initial cost esti-
mate of the entire facility was $281 million of which about $100 million
(terminal and concourses) was studied. The post VE estimate was $274.7
million and final bids totalled $274.1 million. The total costs of the VE
services was about $40,000.

BACKGROUND

VE is a speclalized technique which is utilized to augment the traditional
approach of designing facilities. It is an organized approach to optimize
the total life cycle costs of a facility. Key elements of Value Engi-
neering are:

A. VE 1s a function oriented approach that utilizes a proven process (VE
Job Plan) that allocates time and efforts to achieve its objectives.
VE makes total cost optimization happen on purpose rather than by
accident. The average return on a VE study is greater than 10 to 1.

B. VE utilizes a multi-discipline team of trained professionals, who are
not involved directly in the project, to review and analyze key de-
clslons on a planned basis. The efforts are most effective during
early design phase when changes are easier to implement, cost less to
change, and potential savings are the greatest.

As an analogy = Medlcal journals report that some 30% of all opera-
tions are unnecessary. As a result, they suggest a second opinion
before undergoing surgery. Similarly, every project design contains
unnecessary costs - up to 30%Z is not unusual. VE provides owners
with a second opinion whose objective 1s to optimize the life cycle
costs of a facility.

lLife cycle cost savings include 1nitial construction cost savings and the
present value of all annual cost savings in financing, operations, and mainte-

nance over the life of the facility.
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2.

5.

The VE approach utilizes proven techniques which help to insure
results for the owner. The key technique used in VE are:

Modeling

Cost, energy, and life cycle models are used to isolate high cost/
poor value areas. These models compare estimated project costs by
functional areas with target cost based on previous studies or VE
team experience. Where significant differences are indicated, they
are subsequently studied for savings.

Function Analysis

The team uses two unique techniques to obtain a better understanding
of the design and isolate items for study. First, the functions of a
design are identified and described wusing a two word verb-noun
phrase. For example, the overall function of a pencil would be to
"make marks". Functions of components are also isolated and then
classified as either primary or secondary. The component function
of the wood in a pencil 18 to "hold graphite”, while the component
function of the graphite is to "make marks". The wood function is
secondary, while the graphite function is primary. The second tech-
nique is to establish worth value for each function. Secondary
functions have little worth. The purpose of these techniques are
to identify poor value items for further study. The team then fo-
cuses on eliminating wunnecessary functions, combining functions,
or achieving functions at a lower cost.

Creativity

A creative (brainstorming) effort is directed toward developing al-
ternate means of accomplishing the required function. The result of
this team effort almost invariably achieves better, more cost effec-
tive decision making.

Life Cycle Costing

A life cycle cost analysis 1s used rather than the traditional ap-
proach of primarily focusing on initial cost estimating to develop
alternatives.

Non-Economic Evaluation

Prior to recommending the selected alternative, the team reviews each
alternative against non-economic design criteria such as aesthetics,
environmental, political, safety and reliability. Recommendations
are then modified so that optimal-rather than strictly lowest cost-
alternatives are selected.
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I1I.

A.

Background

In early 1976, due to the excessive traffic and inability of the old
airport to respond, the City of Atlanta, Department of Aviation,
authorized the design of a new alrport. Because of overall concern
to control costs, the owner and airlines decided to use VE.

The design agent for the public facilities (a joint venture including
Smith, Hinchman & Grylls) was directed by the Department of Aviation
to conduct a formal VE study of the design. The study was conducted
from July 27-31, 1976. Some 25 attendees representing: Eastern,
Delta, and Pledmont Airlines, the City of Atlanta, and the architect~-
engineer staff were present during the workshop.

Scope of VE Study

The project consisted of a passenger terminal facility of 704,000
square feet, a people mover mall of approximately 403,000 square
feet, a mechanical building of 9,000 square feet, and a concourse
area totaling some 1,414,000 square feet. The designer proposed a
satellite concept with four concourses connected to the terminal by
an automated guldeway transit system and pedestrian mall. The con-
courses (A, B, C, D) consisted of a two level structure with a third
story ramp leading to the control towers and lounges. The boarding
level provided for ailrcraft gates, support areas, public facilities,
and concessions. The lower level -housed the airlines' operations
areas, baggage equipment, mailroom, employee lounges, cafeterias and
an electrical equipment room. Figure 1l is a plan of the layout. All
heating, ventilating and air conditioning (HVAC) equipment was lo—
cated on the roofs.

The upper or ticketing/baggage handling level of the terminal buil-
ding included concessions and security. The lower level was com~
mitted to baggage makeup, plane return, plus the HVAC equipment and
primary electrical service.

The estimated cost were $25.9 million for the terminal and $71.3
million for the concourse facilities.

Value Engineering Procedures

The following summarizes the scope of the study:

L. BDocument Collection and Familiarization. Early in July, the VE
team collected and reviewed project documents including cost,
program, and engineering estimates. Subsequently, the team met
at the consultant's offices to dilscuss the development of re-
quired cost models and to collect additionmal data. The meeting
ended with the staff developling cost models to be used for
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selecting items to be studied in detail. The team decided to
develop separate cost models for the terminal and the concourses
(See figure 2). The staff used their expertise to develop the
target costs .shown in the upper blocks of the figure. These
represent the estlmated lowest possible cost based on the team's
previous VE experiences. The costs shown in the lower blocks
are the original estimates provided by the design firm. Sub-
sequently, conferences were held to identify potential areas
for in-depth review. Based on the differences between the
lowest possible costs and the original estimates, the VE team
concluded that the greatest savings potential existed in the
following areas:

- Layout

e Exterior Closure
- Superstructure
e Mechanical

2. Formal VE Review. Under the direction of the firm's VE staff,
four teams performed the formal VE studies using the VE job
plan. The teams were jolned by representatives of the City and
the airlines. The full 40-hour project review workshop was held
to develop the final listings of VE & -gestions and ideas. The
job plan consisted of the following five ‘hases.

* Information phase - Study team members became familiar with
the design, selected areas with the greatest potential for
gignificant savings, and conducted function analysis.

* Speculation phase — The team developed ways, using creative
thought processes, to achieve the same basic function of
the items selected for study.

* Analytical phase — The team screened the ideas generated in
the previous phase and selected the best for possible
implementation.

* Proposal phase - The team prepared final written recommend-

ations for the cost-reduction alternatives.

* Report phase - The team summarized the results of the
study, recommended specific action, and requested implemen-
tation approval from the responsible officials. In addi-
tion, the teams prepared other VE listings of ideas they
felt should be reviewed by the owner or designer.

Subsequently, the architect englneer responded with an implementation
report with final recommmendations for implementation of the VE sugges-
tions.

D. Following are summaries of VE studies conducted on the layout, ex~
terior closure, and the structural areas, and an example and work-
sheets from the mechanical team:
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Team No. 1 - Layout

The team evaluated the layout of the proposed design concept of the
terminal facility and four concourses. The study was divided into
two areas, the terminal building and the concourses.

1. Terminal

The team's functional evaluation pinpointed reductions in the
hor{izontal circulation and unassigned areas as potential savings.
After evaluating about 39 i1deas the team recommended modifying
the terminal design to reduce gross area by (1) eliminating and

relocating a concession mezzanine to the lower level, (2) elimi-
nating office space and unassigned space in the baggage claim
areas, (3) reducing the length of the terminal by using fewer
crossovers and eliminating end crossover space, and (4) elimi-
nating and relocating mechanical equipment space. The team
also suggested moving the baggage claim transfer point to reduce
the length of the guideway system. In addition, the team sug-
gested reducing the number of parking tunnels from four to two.

Potential Savings: Initial $3,400,000
Operating $4,479,000

2. Concourse

After analyzing the concourse design, the team recommended re-
ducing corridor widths. They believed that 24 feet rather than
the proposed 30 feet wide corridors would be adequate to meet
all traffic requirements. Reduction in the corridor widths
would also reduce the overal width of the concourse from 90 to
85 feet. The team also questioned the functions of the railings
in the holding room.

Potential Savings: Initial $4,780,000
Operating $5,871,000

Team No. 2 - Exterior Closure

The team's three studies of the terminal building's external wall
closure and the upper and lower levels of the concourses resulted in
the followlng recommendations:

l1.. Terminal Facility - changing proposed exterior design from pre-
cast panels to face brick and reducing non-essential window
areas.

2, Concourses Upper Level - using carpet for interior walls in lieu
of wood paneling.
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3. Concourses Lower level - using textured exterior block in lieu
of a cavity wall.

Potentlal Savings: Initial $1,867,000
Operating $1,491,470

Team No. 3 ~ Structure

The team conducted an analysis of the concourse structural system.
Thelr analysis indicated that the roof selections of the concourse
had the greatest savings potential. As a result, the team recom-
mended: using the existing system less the fill, and obtaining bids
for a precast structural system. In addition, the team recommended
a further study to evaluate the use of a metal roof versus a bullt-up
roof.

Potential Savings: Initial $ 734,000
Operating $ 740,000

Team No. 4 - Mechanical

In following the phases of the VE Job Plan (Information, Speculation,
Analytical, Proposal), the team developed the following worksheets.

As part of the information phase, cost models were developed and
studied (Figure 2). Subsequently, areas selected were broken down
into components and each component's cost was estimated, functionally
analyzed, and then assigned a target "worth". The graphical function
analysis developed is included as Figure 3.

During the Speculation Phase, a listing of potential areas of cost
savings was made using brainstorming techniques. The 50 ideas listed
during this phase are shown in Figure 4.

During the Analytical Phase, these ideas were Investigated and evalu-
ated. From the list, some five ideas were developed for further
study. The Analysis Matrix, indicating the ideas selected, criteria
used, and weight assigned is shown in Figure 5.

After selecting the best alternative, the team conducted further
evaluations, Including the development of details and, cost of both
Initial and operating costs. Life Cycle Cost Analysis indicated
slgnificant savings in annual costs resulting in an 18% improvement
In total costs of ownership., Figure 6 Is the proposal developed for
the mechanical area. The team recommended use of a central plant
with gas fired dual feed bollers, steam driven chillers, and water
cooled towers.

Potential Savings: Initial $ 250,000
Operating $3,450,000
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E.

Summary of Savings

Some 126 proposals representing approximately $11 million in initial
cogt spavings were generated by the VE team and were evaluated by the
owner/designer team. Eventually 53 ideas were implemented in the
final design, saving about $7 millifon in initial costs. More impor-
tantly, these ideas resulted in operating cost savings which more
than doubled the value of initial savings.

The principal items Implemented included: a reduction of terminal
In both volume and area by relocation of mezzanine, a reduction in
structural spans, a modification of exterior skin plus interior
finishes, and a reduction in glass area to reduce energy usage.
Mechanical changes included: wuse of a central system versus rooftop
units, use of dual fired steam bollers, and steam absorption chillers
located in a central plant using water cooled towers, and changes to
the alr filtering concepts.

In addition, the VE team recommendations to purchase all vertical
transportation equipment from one supplier, and use of life cycle
costing provisions in procurement of all applicable mechanical/elec—
trical equipment were followed.
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FIGURE 3
S H General Work Sheet
Air Conditioning & Heating Systems Atlanta Airport 7-28.76
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BASIC FUNCTION

FIGURE 4

Team #4 _Mech./Terminal/Concourses, Atlanta, Airport

This is the creative stage of the Value Study. Generate as many ideas, processes or methods to fulfill
the basic functions that the item under study rnust perform. Do not evaluate the ideas during this phase.

»

Consolidate Chillers to One location/Concourse

Consolidate to General Plant Concept for Terminal Complex

u!u...

* ¥

"

Investigate FElectronic Odor Control Devices & Purafil Ozonation

Re~Evaluate all Design Criteria

Variable Space Temp. ~- Swing

Heat Reclaim Troffers - (Heat Reject to Atmosphere)

Electronic Heat & Gas Boilers

o~ ;b

Re-Evaluate Construction w/regards to heat transfer

*

Central Computer Control w/Ind Stop ~ Reset Cap for Complex

0.

"Four Pipe'" or "Double-Bundle'" Heat Recovery

1.

Off Peak Ice Plant for Peak Reduction -~ Water Storage

12.

Review Space Allow to Duct ~ Object Better Aspect Ratio

13.

Remove Duct Insulation

14,

Evaluate Noise & Vibration Control Devices to Eliminate or Modify

5.
16.

Is
Enthalpy Control Change-over

17.

Solar Load Compensation on A/C Control System

18.

Variable Volume Dampers on A/C Control System

19.

Reduce Outside Air -~ Omit

20.

Heat Recovery on Outside Air

21

Fan Coil Units for Small Areas

22,

Highly Reflective Glass

23,

Less Wide Spread Air Dist., - Fewer Diffusers

Move Air Units Off Roof

25,

Two Speed Tower Fans

List Everything — Judge Later

* = SELECTED FOR FURTHER EVALUATION
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V1

Remote Outside A/C Source

Tow Aircraft Into & From Position

* Lomputerized Control
ilLuzxap,ﬁnnlnxn_Ln.Bxecoo1 0.A
32.

L]

Purchase nn iife_,_C;u;lg Cast Baeis - Mass Purchasing

33.

Purchase Steam

34.

Water Softner & Demineralizer for Chilled Water Makeup

35.

Ground Water Rejection - Heat Pump

36.

Tower with Extended Stack for Regain

37.

Charcoal Reactivation Plant

39,
)

a7

* Absorption Cooling - Steam Turhines
42.

Validi - i riod
Central Cooling Tower with Chillers on Concourses

™ "!!: El p n:" f: E om Cun]inz In!l!rﬂ"

» v > '

a'd?

Cold Water Cleaning

45,

Spring Loaded Faucets

46.

Electric Flush Valves

47,

Low Volume Water Closets

48,

Solar Heat Domestic Water and Space Heat

49,

Single Temperature Domestic to Lavatories

50.

Group or Localize Plumbing Facilities Top and Bottom

51.

52.

53.

54.

55.

56,

Creativity = Imagination + Inspiration + [llumination
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FIGUEE
Team 4 ~ Mcch. /Llect, Concourses
Analytical Phase
Atlanta Airport &
Basic Function -3
o ~ a, [=
. , . & s/ & w /[ 2
List the best ideas from ranking and = © I g a
comparison techniques. Determine el o © N & ~
which one stacks up the best against &/ s @ & ol L, &
the desired criteria. gl @ g ford °© "]
P A
Q < . I ) ~ o
~ f ~ P, [55)
v el & o &~
o & ~ £y = =
& S g/ & </ ™
Weight of a b c d e f 9 Total
Importance
i {010} 9 10 8.5 4 4
1. 36 20 17 4 12 18
Present Way
A1R COOLED 4 2 2 1 3 3 107
2.
CENTRAL PLANT - 181307 (437 |16/ 8 24
___WATER COOLED -~ ELECTRIC 2 3 b] 4 2 4 139
3. CENTRAL PLANT - 18 50 34 12 4 30
WATER COOLED - STEAM 2 5 4 3 1 5 148
4.
WATER COOLED - 43 30 17 4 16 12
CONCOURSE PLANT 5 3 2 4 2 124
5.
CONVENTIONAL ROOF 21/11071 9 2071 207 6
TOP UNITS 3 1 1 5 1 92
6. /
7.
8.
9.
10,

Excellent -5 Very Good-4 Good-3 Fair-2 Poor- 1

Seek The Best - Not Perfection
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_Mrlanxa Ajxpory -- Concourges & Teyminals 1-31-16
Project Date

Team 04 - Mech./Clect, . -
ltem Project No.

Summary of Change {description)

PROJECT: Comparison of three (3) systems of heating & air conditioning for
the concourscs & terminals.

1. Air cooled electrical centrifugal refrigeration with boilers
in concourse building.

2. Water cooled electrical centrifuzal refriperation located in
central plant with boilers in central plant,

3. Proposed Option. Steam generated refrigeration plant located
in cenitral plant with boilers in central plant,

EVALUATION: The three (1) systems were studied and evaluated on these factors:

First Cost - Fuel cost - Operation & maintenance - Flexibility -

availabilit, of parts & service - impact on arch., elect., & struct.
systems.

RECOMMENDATIONS: Estimating data available was pretty rough but the study indicated
that the system (3) was the best choice. Based on first cost and

annual pwning & operating. More refined estimates will be required
for definite answers.

NOT EVALUATED -=  Advantages of manning facility (avail. of good manpower).

IN DOLLARS: == Flexibility to changing fuels,
-~  Feasibility of automated central control system coupled with
security.
Estimated Cost Summary No. of Units Unit Cost Total
(see attached cost estimates)
A. Original (Total Initial). . oo vuvvnnnnnn 18,352,400
B. Proposed (Total Initial). . ., .......... 18,100,000
C.Initial Savings. . v cvvivnevvnnrenennnn 252 400
D. Life Cycle Costs Annual Savings, . .. .... 365,300
E. Present Worth Annual Difference. ... ... 3,450,000
F. Present Worth Annual Difference { Escalated) — T e T
Percent Savings Instant _L.4x%.
Percent Savings Life Cycle _18.7%

Percent Savings Life Cycle { Escal. )

(340553)
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