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EXECUTIVE SUMMARY

This report documents the results of a value engineering study on the Reconstruction of US-231
between Bowling Green, KY and Scottsville, KY. The study workshop was conducted at the
Kentucky Transportation Cabinet District 3 Office located in Bowling Green, KY on March 17 -
20, 1997. The project consists of five sections, and at the time of the study, all were at varying
stages of design (15%, 15%, 30%, 30%, 90%). The value engineering study team was from the
firm of Dames & Moore Group and the Kentucky Transportation Cabinet, and was facilitated by
a CVS team leader from Dames & Moore. The project design is divided between Presnell
Associates in Louisville, KY, and the Kentucky Transportation Cabinet in Bowling Green. One
project section is designed by Presnell, the other four by the Cabinet. The project manager for
Presnell is Glen Kelly. The project manager for the Cabinet is K. W. Cox. An oral presentation
of the study results was made to K. W. Cox from the Cabinet on Thursday 20 March at 2:00 pm
in the workshop room.

The study team found no failure in the design as received. On the contrary, the design as given to
the team proved workable in every way. Very few recommendations of any significance were
developed. The opinion of the team is that the project design at this point is well thought out.

In a case where few recommendations are presented, the worth of the value study rests more with
the validation of the proposed design. This provides the owner with the added security in
knowing that an independent body of professionals has studied the project to date, and has come
up with findings similar to that of the design team. Such a study report on the shelf gives the
design additional credibility against those who might later criticize design decisions.

The Job Plan.
The study followed a five step job plan endorsed by S.A.V .E. International, the professional
organization of value engineers in the United States.

The Project.

The project can be briefly described as follows. The existing US-231 between Bowling Green
and Scottsville is substandard in many ways, e.g. roadway section, horizonta! and vertical
alignment, safety, and drainage. This project will remedy all deficiencies, and will continue the
upgraded roadway section already in place to the north of Bowling Green.

Recommendations.

Recommendations for change to the design are put forth in this report. These recommendations
represent, in the opinion of the study team, changes that will improve the overall project. The
value study team however has no authority to impose change, but simply is making
recommendations. The final decision as to implementation of the recommendations noted, will
rest with the project owner in consultation with the project design team.
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Savings From Recommendations.

At the time of the study, there was no current estimate of total project cost for all five sections.
The VE team estimated an approximate total cost of the project at $46,716,289. The study
generated 31 ideas, of which 5 were developed as recommendations to be submitted for
consideration by the owner and design team. One recommendation involved an added life cycle
cost of $615,138 and 4 recommendations involved a reduction in life cycle cost of $236,819. All
recommendations cannot be accepted together as some are mutually exclusive of others. The
value team developed a suggested list of what was, in their opinion, the best mix of
recommendations for the overall good of the project, considering both cost savings and value
added. If this list of recommendations were to be accepted, the project would realize an added
first cost of $99,943 with a total potential life cycle savings of $147,947. The complete
documentation of all recommendations is included in Section 3. A summary of all
recommendations can be found in Section 3, in the table titled Summary of Recommendations.

Design Suggestions.

Some ideas that did not make the selection for development as recommendations, were, never-
the-less, judged to be worth further consideration. These ideas have been written up as “Design
Suggestions” for review by the owner and design team. Documentation of all design suggestions
can be found in Section 4.

Validated Items.

Significant parts of the project that were selected for study did not resuit in any legitimate ideas,
recommendations, or design suggestions for improvement. If a part of the design studied by the
team did not result in any suggestion for change, then that part of the design can be accepted as
having been validated by the team, and has been so noted.

Since certain parts of the design have been validated by an outside team of professionals this, can
serve as additional justification for the design decisions thus made. Raises the owner’s level of
confidence in the direction the project is taking. Documentation of all validated items can be
found in Section 5.

Cost Estimate.

The current estimate of construction cost was used as a base line for study. For the study to be
valid, the base line estimate must be reasonably accurate. For this reason, the team reviewed the
estimate to make sure there was general acceptance and agreement as to accuracy. As a result of
this review, the following conclusions were made:

There are four cost estimates at present; an early planning estimate made by Wilbur Smith and
Associates, and three designer’s estimates for each of three of the five construction sections. In
the opinion of the team, the early planning estimate is low by $18.8 million. This variation can
be explained. More information is now available, plus the alignment has been adjusted to try for
earthwork balance in each of the five construction sections. The planning alignment, on the other
hand, was balanced for the total project. The team has estimated the total cost to the owner of
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the complete project at $46,716,289.

Summary of Recommendations.

A summary of the recommendations of this study will be found in Section 3 in the Summary of
Recommendations. The recommendations are listed, along with the economic impact of each, in
terms of savings or added cost. The column titled “Suggested Best Selection™ marks the specific
mix of recommendations deemed by the team as being the best choices to be made (the team’s
suggested choices) considering the effect of both savings and added quality on the overall
project.

At the end of this report, in Appendix G, there is a Response to Recommendations Decision
Worksheet which is provided to be used in the approval process. For this project the designer is
Presnell Associates in Louisville and the Kentucky Transportation Cabinet. The owner is the
Kentucky Transportation Cabinet.
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SECTION 1 - INTRODUCTION

This report documents the results of a value engineering study on The Reconstruction of US-231
between Bowling Green, KY and Scottsville, KY held in Bowling Green on March 17 - 20,
1997. The study team was from the firm of Dames & Moore and the Kentucky Transportation
Cabinet, the names of which are listed in the Appendix. OCther participants of the study (other
than the study team) are also listed in the Appendix.

Boundary of the Study
The scope of the study as given to the team was as follows:
Study within the existing corridor.

Study Constraints Given to the Team Were:

Major changes in horizontal alignment that would move the roadway out of proposed corridor
were not considered unless a major improvement could be expected. This would set the project
back in terms of years because new public hearings and a new environmental study would then
be required.

Study Objective

The study goals given to the team were:
To verify the design
To find improvements in the design

Ideas and Recommendations

Part of the value methodology is to generate as many ideas as practical, and to then evaluate the
ideas and select those that offer quality improvement as candidates for further development. If
the ideas thus selected, turn out to work in the manner expected, they are then put forth as formal
recommendations. Only those ideas that are proven to the team’s satisfaction are listed as
recommendations. Each idea generated is given a unique identification number that remains with
that idea throughout the study. If an idea graduates to the status of recommendation, the
recommendation carries with it the same unique identification number as did the idea from which
it came.

Organization of This Report
This report is divided into 8 sections, which are described below.

SECTION ES - EXECUTIVE SUMMARY: The Executive Summary is a short overview of the
significant and important parts of the report.

SECTION 1 - INTRODUCTION: This section familiarizes the reader with the contents and
organization of the report, and with certain significant aspects of the study.
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SECTION 2 - PROJECT DESCRIPTION: The Project Description orients the reader to the
project under study. The Project Description documents the project as it was presented to the
team at the beginning of the study. It also brings the reader up to date through project
background information, relevant politics, and an outline of the intended steps in the project.

SECTION 3 - RECOMMENDATIONS: The Recommendations Section forms the heart of the
report, documenting the complete writeups of all recommendations put forth by the study team.
The Recommendations Section includes a table titled Summary of Recommendations that
summarizes all recommendations in one document.

SECTION 4 - DESIGN SUGGESTIONS: The Design Suggestions Section documents those
ideas that were deemed worth further consideration by the team; but were, for certain reasons,
not presented as formal recommendations in Section 3.

SECTION 5 - VALIDATED ITEMS. These are items, that after an independent review, suggest
no apparent means for improvement. They are recorded in the report for the benefit of the
reader.

SECTION 6 - IMPLEMENTATION: The Implementation Section documents the final decisions
regarding acceptance or rejection of recommendations and design suggestions. Once a
recommendation or design suggestion is accepted, it is ready to be implemented into the design.
The final decision regarding implementation of a recommendation is the uitimate outcome of the
study.

APPENDICES - The Appendices contain backup information to the main body of the report.






SECTION 2 - PROJECT DESCRIPTION

The project as presented to the team at the beginning of the study was as follows.

The project consists of the reconstruction of US-231 between Bowling Green, Kentucky and
Scottsville, Kentucky. The highway as it exists now is a two lane paved road with numerous
tuns and hills. It is a typical ridge road that twists and turns as it runs up and down hill. There
are two bridges spanning Drake’s Creek, one over the main channel, and a second shorter bridge
across the overflow channel. A small portion of the roadway is an urban section coming out of
the south part of Bowling Green. The remainder, and major portion, of the roadway is a rural
section extending south to Scottsville.

With the numerous curves and hills on a two lane rural roadway, it is almost impossible to find a
suitable place to pass. Added truck traffic has added to the problem. Accidents reinforce the
need to reconstruct the road.

In 1993, Wilbur Smith and Associates did a corridor study that documented these same
problems. Several alternate routes were studied, public hearings were held, and approval was
obtained from the Federal Highway Administration (FHWA). As a result of preliminary
research, it was determined that the alignment now proposed in the current design would have no
impact upon the community.

The overall project is defined by the number 146. The construction sections are designated as
numerical subsets of 146 (146.01, 146.10, 146.20, 146.30, and 146.40) The project begins at
Bowling Green, KY and continues to Scottsville, KY. The construction section numbering
sequence does not follow the geographical sequence of the sections.

The following table shows the relationship of numbers and geographical sequence, as well as
other assorted general data.

o



The Reconstruction of US-231 between Bowling Green and Scottsville, KY
GENERAL DATA
total project
length = 28.48
km ( 17.7 mi)
Construction 146.01 146.20 146 30 146.40 14610
Section
Number
Estimate YES YES NO NO YES
exisis $3.994.719 $11,098,154 $12,790,477
Budget $5,000,000 $11,000,000 $7.750,000 None £i2,000,000
Length of 2.707 km 5.793 km 7.18 km (4.2 mi)
each section (1.65 mi) (3.75 mi)
Section URBAN RURAL RURAL RURAL RURAL URBAN for
Y2 mile.

Design Stage 90% Design 30% Design 15% Design 15% Design 30% Design
Bowling Scottsville,
Green, KY KY

US-231 coming into Bowling Green from the north is a 5-lane roadway. Going out of Bowling
Green to the south, US-231 is 2-lanes. This project will upgrade the road south out of Bowling
Green to 5-lane urban section while in town. Once out of town the section will then transition to
a 4-lane divided rural section. The 4-lane divided roadway will continue on south to Scottsville.
The 4-lane roadway will be partially controlled and will have a 12 meter (40 foot) depressed
median. The typical sections are shown later in this section.

Traffic counts are 3,000 to 4,000 Average Daily Traffic (ADT). In 2013 this traffic is predicted
to be between 5,000 to 23,000 ADT, depending upon location. The traffic count does not take
into account the extension of the William Natcher Parkway in Bowling Green. This will bring
added development into the US-231 corridor over and above that predicted.

Several characteristics of the existing roadway have driven this project, causing the project to (1)
come into being, and (2) direct the proposed design as it now exists. Below are listed several

characteristics of the corridor that have posed unique design requirements on the project.

General characteristics of US-231

1. The horizontal alignment with many sharp curves, and limited sight distances.
2 The vertical alignment with many hills, and limited sight distances.
3. An inadequate typical section of 2-lanes, with inadequate lane and shoulder width.

-
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Characteristic - of the geography of the area have &"Tected the proposed design.
Past increases and future projected increases in traffic (especially trucks)
Accidents

Sink holes

Land use - expensive development, and subdivisions along the corridor.
Wetlands

Existing utilities locations

Archeological sites

Sites proposed for the historical register

Bat caves

0. Connecting roads

= S e oAl e e S

The proposed project responds to all of the above determinants. The intent is to greatly improve
the highway conditions on US-231 between Bowling Green and Scottsville.
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SECTION 3 - RECOMMENDATIONS

This section contains the complete team writeups of all recommendations to come out of this
study. Each “recommendation™ is marked by a unique identification number. This is the same
identification number that is found attached to the “idea” from which the recommendation was
developed. These identification numbers are used throughout the report to uniquely refer to a
given recommendation and corresponding idea.

Acceptance of Single Issues

Each recommendation is developed around a single issue. This simplifies the acceptance or
rejection of the recommendation. and gives added flexibility to the implementation of the
recommendations, in that several single issue recommendations can be combined as needed to
achieve a desired result. When evaluating a recommendation. each part of the recommendation
should be reviewed on an independent basis. There is no need to discard a recommendation in
total because one part of the recommendation is unacceptable.. A recommendation can be
accepted in part, or accepted with a specified partial modification.

Usually all recommendations cannot be simultancously accepted or combined. This is because
some recommendations are mutually exclusive of one another. and the acceptance of one
recommendation will automatically preclude the acceptance of certain others.

Summary of Recommendations.

The reader will find a table titled Sunmary of Recommendations at the beginning of the
recommendation writeups.. This table offers a convenient overview of all recommendations
along with economic data associated with each. As mentioned above, all recommendations
cannot be accepted together. For this reason, the reader is cautioned with regard to adding up the
column of monetary savings. Since some recommendations are mutually exclusive of others, the
addition of all monetary savings to form a sum total of savings will produce a fictitious and
erroneous amount..

The team did develop what is. in the opinion of the team. an optimum mix selection of
recommendations. that are the team’s suggestion for combining recommendations. This
“optimum selection™ will, in the opinion of the study team, provide maximum overall benefit to
the project. These recommendations are keyed in the column suggested best selection. The
recommendations so keyed can be accepted together and the corresponding monetary savings can
be added. This will give the reader a reasonable estimate of the maximum potential savings that
can be realized from this study. For this study this total savings is found to be $147,947 in
potential life cycle savings.

Organization of Recommendations.

The recommendations presented on the following pages are organized alphabetically by function
identifier, and numerically within each function.
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The sequence of functions are as follows:

B = Bridge Recommendations
D = Drainage Recommendations
P = Pipe Recommendations

S =Structural Recommendations

SH = Sink Hole
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VALUE ENGINEERING RECOMMENDATION
-

PROJECT U.S. 231 Page 1 of I1¢
LOCATION: Bowling Green to Scottsville Road
STUDY DATE: March 17-21, 1997

IDENTIFICATION NUMBER: B-4

FUNCTION OF COMPONENT BEING CHANGED: General Project

DESCRIPTIVE TITLE OF RECOMMENDATION: From Dye Ford Road to South of Drakes
Creek Bridge, the roadway section will be an urban 5-lane section with shoulders.

ORIGINAL DESIGN:

North of Dye Ford Road, the roadway section is a 5-lane urban section including curb &
gutter, sidewalk, and storm drainage collection. From Dye Ford Road to about 0.4 mile north of
US 31E the roadway section is a 4-lane rural section with a depressed 40-foot median and a
minimum 1200-foot spacing of access points. There will be two, 2-lane bridges in each
direction, one crossing Drake’s Creek and one crossing the Drake’s Creek backwater area with a
bridge width of 42.0 ft.

RECOMMENDED CHANGE:

It is recommended that a new 5-lane urban roadway section with shoulders will connect
to the presently designed 5-lane urban roadway with curb and gutters at Dye Ford Road and
extend to the south for approximately 2.6 kilometers (1.6 miles). The 5-lane urban section north
of Dye Ford Road includes curb and gutter, sidewalk and storm drain collect system. The
recommended new 5-lane urban section continuing south from Dye Ford Road will include 12-
foot wide outside shoulders in lieu of curb an gutter. The new section will extend from Dye ford
Road to station 14 + 200 (approximately) 200 meters south of Duke’s Bridge.

First Cost O & M Costs Total LC Cost
(Present Worth) | (Present Worth)

ORIGINAL DESIGN 4,459,972 0 4,459,972
RECOMMENDED DESIGN 4,371,100 0 4,371,100
ESTIMATED SAVINGS OR (COST) 88,872 0 88,872

3-4



VALUE ENGINEERING KECOMMENDATION

IDENTIFICATION NUMBER: B-4 Page 2 of

The roadway section will include two 3.3 meter driving lanes and a 3.3 meter outside
shoulders in each direction. The new roadway segment will have a 1200-foot minimum between
access points. A paved median will be 4.2 meters (14 feet) wide. The new roadway section will
extend across the Drake’s Creek flood plain requiring 2 26-meter (84-foot) wide bridges (one
bridge over Drake’s Creek and one over Drake’s Creex backwater area) in lieu of the 4 bridges
required in the original design.




VALUE ENGINEERING KECOMMENDATION

e
IDENTIFICATION NUMBER: B-4 Page 3 of

ADVANTAGES:

A savings will be realized with the reduction of the embankment fill where the roadway
crosses the flood plain of Drake’s Creek.

A savings will be realized with one 5-lane wide bridge crossing Drake’s Creek and one
crossing the backwater area as apposed to having 4 bridges as required in the regional
design.

A reduction of the required right of way width of about 7.9 meters (26 feet) will result by
decreasing the median width. There will be a significant reduction of the impact on the
adjacent property owners.

A reduction of the right of way width will reduce the impact to the archeological site
located immediately to the north of Drakes Creek.

A continuity of the 5-lane urban section extending from the beginning of the project near
[-65 to Station 14 + 200 (approximatety 200 meters south of Drakes Creek Bridge) is
consistent with the expected urban growth in the existing urban development immediately
south of I-65 As urban development expands to the south, partial controlled access
roadway section can be changed to access by permit when it becomes required.

A shortened construction schedule will ke realized.

DISADVANTAGES:

The roadway section with a 4.2-meter (14 foot) paved median will be less esthetiallly
pleasing that the wider depressed 12-meter (40-foot) median.

By reducing the 12-meter (40-foot) wide depressed median to a 4.2 meter (14 foot) wide
paved median on-coming traffic will be closer together, as such:

3-6



VALUE ENGINEERING RECOMMENDATION

IDENTIFICATION NUMBER: B4 Page 4 of
° There will be an increase of vehicle operator anxiety and decrease in comfort.

° Headlight glare will be increased.

® A 4.2 meter (14 foot) wide median will have a higher potential for head on collisions. A

40-foot depressed median will virtually eliminate the potential for head on collisions.

JUSTIFICATION:

° By reducing the median width of the 40-foot wide depressed median to the paved 14-foot
wide paved median the advantages outweigh the disadvantages.

° The extension of the urban roadway section past Drake’s Creek is compatible with the
predicted urbanization growth extending to the south from the northern end of the project
limits.

° .The 5-lane urban roadway section would be an extension of the presently designed 5-lane

urban section. The proposed section would not be an isolated section of roadway within
14-mile long, 4-lane, 40-foot wide depressed median roadway section of the project.

® The 5-lane urban roadway section facilitates the design of one bridge crossing the Drake’s
Creek and one bridge crossing the backwater area as apposed to two bridges required for
each direction of traffic.

3-7



VALUE ENGINEERING RECOMMENDATION
SKETCH OF ORIGINAL DESIGN
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VALUE ENGINEERING RECOMMENDATION
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LOCATION: Bowling Green to Scottsville Road
STUDY DATE: March 17-21, 1997

IDENTIFICATION NUMBER:  B-4 Option A

FUNCTION OF COMPONENT BEING CHANGED: General Project

DESCRIPTIVE TITLE OF RECOMMENDATION: From Dye Ford Road to South of Drake’s
Creek Bridge, the roadway section will be an urban 5-lane section with shoulders. Option A
includes median Barrier.

ORIGINAL DESIGN:

North of Dye Ford Road, the roadway section is a 5-lane urban section including: curb
and gutter, sidewalk, and storm drainage collection. From Dye Ford Road to about 0.4 mile
north of US 31E the roadway section is a 4-lane rural section with a depressed 40-foot median
and a minimum 1200-foot spacing of access points. There will be two, 2-lane bridges in each

direction, one crossing Drake’s Creek and one crossing the Drake’s Creek backwater area with a
bridge width of 42.0 ft.

RECOMMENDED CHANGE:

It is recommended that a new 5-lane urban roadway section with shoulders will connect
to the presently designed 5-lane urban roadway with curb and gutters at Dye Ford Road and
extend to the south for approximately 2.6 kilometers (1.6 miles). The 5-lane urban section north
of Dye Ford Road includes curb and gutter, sidewalk, and storm drain collect system. The
recommended new 5-lane urban section continuing south from Dye Ford Road will include 12-
foot wide outside shoulders in lieu of curb and gutter. The new section will extend from Dye
ford Road to station 14 + 200 (approximately) 200 meters south of Duke’s Bridge.

SUMMARY OF COST ANALYSIS

First Cost O & M Costs Total LC Cost
(Present Worth) | (Present Worth)

ORIGINAL DESIGN 4,459,972 0 4,459,972
RECOMMENDED DESIGN 5,075,110 0 5,075,110
ESTIMATED SAVINGS OR (COST) (615,138) 0 (615,138)

3-20
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The roadway section will include two 3.3 meter driving lanes and a 3.3 meter outside
shoulders in each direction. The new roadway segment will have a 1200-foot minimum between
access points. A paved median will be 4.2 meters (14 feet) wide. A median Jersey barrier will
be placed in the center of the 4.2 meter median. The new roadway section will extend across the
Drake’s Creek flood plain requiring two 26-meter (84-foot) wide bridges, (one bridge over
Drake’s Creek and one over Drake’s Creek backwater area) in lieu of the 4 bridges required in
the original design. Recommendation B-4A is the same as B-4 with the addition of a median

barrier.

3-21
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ADVANTAGES:
. A savings will be realized with the reduction of the embankment fill where the roadway

crosses the flood plain of Drake’s Creek.

° A savings will be realized with one 5-lane wide bridge crossing Drakes Creek and one
crossing the backwater area as apposed to having 4 bridges as required in the regional
design.

. A reduction of the required right of way width of about 7.9 meters (26 feet) will result by

decreasing the median width. There will be a significant reduction of the impact on the
adjacent property owners.

® A reduction of the right of way width will reduce the impact to the archeological site
located immediately to the north of Drakes Creek.

. A continuity of the 5-lane urban section extending from the beginning of the project near
[-65 to Station 14 + 200 (approximately 200 meters south of Drakes Creek Bridge) is
consistent with the expected urban growth in the existing urban development immediately
south of I-65. As urban development expands to the south, partial controlled access
roadway section can be changed to access by permit when it becomes required.

® A shortened construction schedule will be realized.

. The option to construct a median barrier within the 4.2 -meter median, the potential of
head on collisions will be reduced.

. Headlight glare will be somewhat reduced with a median barrier when compared to the

paved 14-foot median with no barrier.

(]
e
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DISADVANTAGES:
° The roadway section with a 4.2-meter (14 foot) paved median will be less esthetically

pleasing that the wider depressed 12-meter (40-foot) median.

™ By reducing the 12-meter (40-foot) wide depressed median to a 4.2 meter (14 foot) wide
paved median on-coming traffic will be closer together, as such:

» There will be an increase of vehicle operator anxiety and decrease in comfort.
« Headlight glare will be increased.

® A 4.2 meter (14 foot) wide median will have a higher potential for head on collisions. A
40-foot depressed median will virtually eliminate the potential for head on collisions.

(] It will be more difficult for pedestrians to cross the roadway with a median barrier along
the centerline.

° Additional drainage collection along centerline will be required with added cost and
construction time.

JUSTIFICATION:

. By reducing the median width of the 40-foot wide depressed median to the paved 14-foot
wide paved median the advantages outweigh the disadvantages.

] The extension of the urban roadway section past Drake’s Creek is compatible with the
predicted urbanization growth extending to the south from the northern end of the project
limits.
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° The 5-lane urban roadway section would be an extension of the presently designed 5-lane
urban section. The proposed section would not be an isolated section of roadway within
14-mile long, 4-lane, 40-foot wide depressed median roadway section of the project.

. The 5-lane urban roadway section facilitates the design of one bridge crossing the Drake’s
Creek and one bridge crossing the backwater area as apposed to two bridges required for
each direction of traffic.

] Reducing the potential of head on collisions over a median without a barrier is

significant.




VALUE ENGINEERING RECOMMENDATION

—— SKETCH OF ORICINAL DESIGN
IDENTIFICATION NUMBER: [3- 4 K Page  of
:. i F i 1

P A .
SN R Co o i

18 24*

N

1. 84177 4o |

‘. @417,

N” & i

i 11 7 . ot |

s QA .

| !

et |

et RURAL TYPICAL SECTION —
", DEPRESSED MEDIAN

; 1 : 3 12 24 1. 28" ] 24 |2 :

|
|
|
|
|
,
!
|
|

SRS (TR, [




FORM: 20 DEC 1964

IDENTIFICATION

VALUE ENGINEERING RECOMMENDATION
SKETCH OF RECOMMENDED DESIGN

I 1
. i

i
i

NUMBER: B- 4 A

Page7 of

P |

| i ;

...........

<y

| j2¢ | 24

9y,
i &, i Lazv.
UNDER :

FE

. 0288"7:

i ==

URBAN TYPICAL SECTION
5 - LANE SECTION

| pa 2¢ |12 L
¢ [ !
A 2. a2ea'/- a42y, g

2] Ung
! ™, "?!; R Iagr
| HMEDIAN BALRIER

4s

: i D oI (PP
: : i

i i

5 ‘

1=
1w

Bﬁd&ﬂ T:)F'ml Sectio n

- |
- = |
'r
.r
| i :
5 RO, S SR S SO L e e 8 ]




VALUE ENGINEERING RECOMMENDATION
M CALCULATIONS

IDENTIFICATION NUMBER: RB-4 A Pageg of

Pavemdnt (out

i I

Cp.:f',' DL m ot Qg; w.mcvx‘* ;
4z 3l !“'Ms; T 3. wm S\r\ouuc-rs 2- I 8w insde shoulders

= 25.2 m* ,/ m roaclwo.q

L?.V\S‘HA o'F P('%:e.c."f-'r S5.793 km-’- 5-7C|“_?> [adl)

Total Paﬁmw‘l' Caxec = |45§; 93 4 m"

Tatel Cast f surbacing =4 00%, W (;,,,m oshimebe))
!

; 4,06%,760
5 c;:&i per o of f)avc.M‘l’ = /H-SJ 984 = i 1.3 ’Z/ml

stmms ot 5- (_a.m_mu.rbn.n s:ec:llo nz. 14+3200

End of _S-lang Lur\oo.wn §e.d-uon lg+?l§. (end ¢ aF proec l

\b_.‘\r._‘H/\o-‘F.Slau* 2ol 2 m %

W olHr\ o’? ) lovngg__rloo-n ﬁu:\‘lon. S

4- %tomla-vuus QBGmoMulaLu. I+2.mme_a{u‘an
=z I5.8m |

E)L'f'ra paw.muc\' vy S lo.vx.e_ Sed'tovn—- 258‘ ?_5 ?_ O (a m.




VALUE ENGINEERING RECOMMENDATION

PORM: 20 DEC (998 CALCULATIONS
IDENTIFICATION NUMBER: 2 4 A Page¢ of

Entva {‘a.ve,me.vd’fare_o.: Q.om yI26l2Ams= §1567.2 nh =

Caytra | _@&M_cos'l‘ = 1567 Z%zx";??.??/;(mz' =£43£¢77. 56 |

Saé - 42,479

I
1 (
H I
e s i —— — - - s 42
1
. S— - . . - R,
t
= ——et et ey e — —— R s SRR S ——
st o 5 e - —- — R s




FORM: 10 DEC |¥9s

IDENTIFICATION NUMBER:

VALUE ENGINEERING RECOMMENDATION
CALCULATIONS

E-H A

Page [0 of

S

7T Er L

,.,.di‘éléﬁﬁ,déi_ﬁé/.@‘f??’ﬂﬁ ,;:f?ﬁ" ;:Af.e.'" ST LEE

Lo e = t:r“"'d‘f["x_ }'

i e

et Rt

S LT A —

277 L3 ;PF:;!/-’-:#,_._;',,: M SFm s :rc.«.ﬁt-;r'

e 4 4 TR i R A AR S R R T

AN SR 2

Iy 1t I—‘—14-_._ﬁj,_d._|_;--—¢-zd' —1: yats

2y 72 ,
| el )
A |

..H"’

s

i #“ﬁ'?—hﬂ.ﬁ?

2

2 i

- H-ﬂ*rv:ma-rw:n‘pma aa-c;
i R

."- "
: }\-.._l'?)_,‘ A

(R

..._":’f‘“ﬁ?ﬁw o B 05 ol

n. 2l

= = T T N B P Rt 00 5 e e T T P T AP T T R 6 B A B B BT Y oy B e e 6

RTUCT

‘—';:-.Jf:;ar"-hu‘._'(ﬂ{

RET-30

[

mc ngu ({or Dbae -Deudl 2

:;C.;C"

[al2 '-'“:M’QEIL SN RTA Sy ALy oY) EJ.?

*pnb-ﬁmm; (-Iu.a "i:}ab Brur .Fmt_ 1_

J

t:Ec_ar:.- -ﬂ)\_rcb(ﬁ %ﬂa)/'}.‘? = \334yd

AT 414?]

ha 'f"‘.:"ﬂ"i"'l'.‘-\.

C;.'_l,,_jht-:“#ﬁ - i"'l%f:}dm ‘1'

8 53
' R -
Ems Ao j‘."‘.‘.’_.‘f"f_:*.‘.)...T:.lf.‘..l'.’;."'..ﬁi.?.f'@.?.:.‘.':;'-"'." g

Bramyeninrs - Bon eas® (.2

-




VALUE ENGINEERING RECOMMENDATION

e oz ion CALCULATIONS
IDENTIFICATION NUMBER: £. 4/ a Pagej) of

:'nﬁ-rp-k. Eg?tltﬂfriﬁt _
2 219,280 2 285,000 = 799 232

.............. B At

i i ; - LR

e PiEE Tl ey (ancane sevag HESUT Y

_______ L NSE TR Shaeys

!

Pe o) AT CatT s ‘-.C}*l'i

Criues suneT (g - 2-.21?

e R L R R e e ,... e e 8 s s e ctsmsasmiaes e
f

conziow (cow) g,y ny':
AN ELSw ORoseyy f \ 5,.-.'\ &l




VALUE ENGINEERING RECOMMENDATION

FORM: 20 DEC 1996

CALCULATIONS

A

Page/d of

IDENTIFICATION NUMBER: . 4

i
LoTEoM S —

Cai 42 '.:‘.-Pr* ==
: 1 =

tet

Bdyy’

i o i
Fal O Nk M

kﬂ?*l:

\a-Hy 4t
I

TovslL Pl

PP

— i u .

PIRIL = 0 Wy &5

§ A B S T T i L B B BT R A5 S e R R B R g e e M 8 e e m e

. S o TN T )
. TELE RO, . - S
nn' c A columans fa r, E
| = . ; .
! : : i
| '= ! |
£ I L | Lt
11 L ',' "_ ERER, iy N
.............................................. MR- . ; T—I 1
' b
- Lf;:e;x;:mim* 1 !.
e T I e SO P |
(a3 Y0.8%3) < 8.54a8” Jbae <7 - ol




PORM: 20 DEC 199

VALUE ENGINEERING RECOMMENDATION

CALCULATIONS

IDENTIFICATION NUMBER: 5-9 A&

Pag_ﬂ}of

i
Con~E  tOoL =S

PR

gwu.uc:
el &

16,802
/o

LA ANS
A=A

p ToAEy c.A.ﬁg

PI\TA4 2

L

¢, PP

LT AL

P32

Pt 20O

Pt 4

B o:o

w5

e

4(, oo

Ly 001

A0 OO
£ 1

+ Tt | :*-H:r}_

S &S00 g*&%oﬁ

B g P
PILED L8022
i E:;'u».‘-:‘-f.‘ﬂ’(‘rm (o Sy 1] e e
b i ' | =
A=A XA W ; Al 0P~
= , 1.
TNAL CconTS [
| B\ 192,020 ¥ |
: e i
PRy i g L | Py M~ s L L e T
e 29 082 Janox2) |

1 1 et




PORM: 20 DEC (99

VALUE ENGINEERING RECOMMENDATION

CALCULATIONS L, p DPIE /AL &E__:/é/

IDENTIFICATION NUMBER: A_4} A

Pagejy of

COST £ST/MAarr FPr 72!.///Lf: STRUC TvElr
OvVEL DRARET | Crerri A | tverrtons
T EAIPLATE ,-

2 17% R e b T1911%"

l R
\l ,

OVEL DPALES Ce(lE

c..c:sn--———:sd-\ o /aoﬁ

LTRGTH - a7’

WiDTH = 4319

Sery = 22,218 2. FT

coitT PEL EE\DC:E’; (MNB) =22121% (m“"').; & 92\'090
. (3 =22012@%) ¥l92 00

— AL OICLELOw/ .

f;(’)-\%\ QA”L’L"'){) CU-%:) - 1o, m%ﬂl {4199) = L [a74\C
) (512 56 - bopiTrat - s m—?'_mc.,
TOTE O Wi Steeee = 20 77, Pl

/

i



VALUE ENGINEERING RECOMMENDATION
CALCULATIONS

PORM: 20 DEC 1794

IDENTIFICATION NUMBER: A A

i'ngets of

CWaAL [ CCETS

Be\DEL OIRR

DPAKCE <R LK

(A7) (22 (4a1%%) = *)| 792 182

REILOCT  OIEY

NI B LW/

oY (90 A

44) * ¥ o\ 055

i —
!
- ¢ e . e e s e - i i e
i
...... B e
I
i - S— —_— —— i &




VALUE ENGINEERING RECOMMENDATION
FORM: 20 DEC 1994 CALCULATIONS

IDENTIFICATION NUMBER: B-4 [ Page|¢ of
5;5" Eavthwork @u_n,u:‘n"l";é |
Eye.= _:c;?(, 274 hm_lg,ﬁf_QCi?;HqZ_ima

_m 15 % Shrinlt.tqa_, H i
% Needed Emb.= .5??? e ;;‘;5" 34; *-;,-3(,,.,,.i

= 2,374

4554462
|
|

Frem Drabes Creel 1o ol ot P.-a,m:ir
As Ts Hﬁl{. ﬂ‘fufm.n ﬁw

Exc. | |59 900 40, 500 - 1, 4::
Embh | lt5 200 105,400 - 9%00
(SRS Em 296,274~ f‘”ﬂo 976, s¢
Emb 297 16T = 3900 = 297,342
: Em anlu'.' z L7 xlils= ﬁidl,&éé
e DTG BTA
[ W _ - 53|52
]




VALUE ENGINEERING RECOMMENDATION
— CALCULATIONS

IDENTIFICATION NUMBER: B-4 A

Page|7 of

Meddn arviet

i H ]
' H H

Lx,v\SHr\ ot b_lo.v;u.. sectidin = Qlal;'z A

_LLVNS'H/\ ot Suobr;laua‘{'acl %&Cl.'loms-:: (,‘73,“1-&6,(““-

429m

:OSSL&.\N\.L Q. meciad‘,v\ ]Da-\g.lh’.e,'l' U/E..VL{ (RO wm

ey vv\,e.,oltavxbax.ef_s_

" ADP&;L. [e,v\.q'H\ o&> Dtb& V\L&AQ_J 'l’o ou.-'{' 't lﬂd—l{es =3

O wm

|o bms X 30m/famc*- 200m

AISSLA.M 375—mm C‘,U—IULY'{_OHOQ_

lxle,ud 10 mg—::.l end s%,u:kov\_sé{‘\or pioeis

- i_

EGOM

ﬂ.;.s wirie lgrg,o.\f.s N I:a.’('rtc g For access C‘,ou'\".‘\r_,. Lrery

%200 % B breaks
l\lte-ol Ao c',m.sl\ cushies

__éass “/;arn&r wd/ 1Cor Armés Assume /5'0m/5ra.,é

gy /5'0- /200 m

] ._f_:th_f_@./ Barier wall= 2412~ 1200m = J4iZm |




COST ESTIMATE - FIRST COST

VALUE ENGINEERING RECOMMENDATION

PORM: 10 DEC 199
IDENTIFICATION NUMBER: B- 4 A Page |;’ﬂq_
Cost [tem Units Unit Cost Original Design Recommended
Design
$/Unit | Sou- | Num Total Num Total
rce of s of b3
Code | Units Units
Addibonal Pvemed] mZ 12297 | . O I15¢67.2 | 42,678
Bridag over
Drales Creck | m* | 44044 400 |1,842.200[3892 (1,793,030
Ouertlow Bridge | m*|4to4d] T 113 | 934780] 17¢ 4 | 212,230
Emb.-Ty-Flace | m* | ¢.00| | |397,62]1,792972] 98736.2)) 720,172
BARRIEL WALL FHEM ' ' =
PAGE 2. q04,010|
4459972 5,015,110

SOURCE CODE: 1 Project Cost Estimate

2 CES Dara Base
3 CACES Darta Base

4 Means Estimating Manual

5 Richardson's

6 Vendor Lit or Quote (list name / details)

7 Protessional Experience
(List job if applicable)
8 Other Sources (specify)



VALUE ENGINEERING RECOMMENDATION

FORM: 30 DEC 159 COST_ELSTIM.ATE - FIRST COST
IDENTIFICATION NUMBER: 73— & f& Pagelq offq.
Cost [tem Units Unit Cost Original Design Recommended
Design
$/Unit | Sou- | Num Total Num Total
rce of b of b
Code | Units Units
an Meclion Borrier] m 4;l7‘l 1 - 1412 |252,748
mml‘.g,nga.rric.rrnld's Each F‘t%oa .L Fve 1D qs oao
375m Cu.[w,r?" P:‘pz. Lad) quS“‘t— L - 300 37, 76 2.
Mn:l'o_l End Sl.d‘lom‘: EEchn d’550 ! - IO S500
3
Cvas'f\ Cu,shiov\ E_G.C.‘/\ 20 000 l — I(o 50?0 000
7104, 010}
SOURCE CODE: | Project Cost Estimate 4 Means Estimating Manual 7 Professional Experience
2 CES Data Basc 3 Richardson’s (List job if applicable)

3 CACES Data Base 6 Vendor Lit ar Quote (list name / details) 8 Other Sources (specify)



VALUE ENGINEERING RECOMMENDATION
]

FORM 20 DEC 1996]

PROJECT U.S. 231 Page | of 7
LOCATION: Bowling Green to Scottsville Road
STUDY DATE: March 17-21, 1997

IDENTIFICATION NUMBER: D-1
FUNCTION OF COMPONENT BEING CHANGED:
DESCRIPTIVE TITLE OF RECOMMENDATION: Eliminate Culvert Head walls.

ORIGINAL DESIGN:
All cross drains have inlet and outlet head walls.

RECOMMENDED CHANGE:
Design cross drains for rural roads as “End Projecting” outside clear zones for pipe 1200
mm and less.
SUMMARY OF COST ANALYSIS .
First Cost O & M Costs Total LC Cost
(Present Worth) | (Present Worth)
ORIGINAL DESIGN 20,891 0 20,891
RECOMMENDED DESIGN 13,770 0 13,770
ESTIMATED SAVINGS OR (COST) 7,121 0 7,121
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VALUE ENGINEERING RECOMMENDATION
]

IDENTIFICATION NUMBER: D-1 Page of

ADVANTAGES:

° Ease of construction.

. Reduces cost.

. Inlet and outlet moved out of fill.

® Hard to backfill around head wall.

° Head wall tends to settle, causing a crack at end of pipe.

DISADVANTAGES:

° Could be damaged by mowers.

] Damage by vehicles out of control.

° Metal pipes need reducer at inlet.

° Concrete pipes may need positive joints where joint is outside of fill and in an unstable
area.

JUSTIFICATION:

° Other states are currently using this detail with apparent success.

' Damage by out-of-control vehicies should be rare because this detail will only be used

outside the clear zone. Inside the clear zone the detail will continue to be a head wall.
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VALUE ENGINEERING RECOMMENDATION
. |
IDENTIFICATION NUMBER: D-1 Page 3 of

& Damage by mowers will be slight, if any, because the pipes will, as a hole, be located in
areas where mowing is not done.

® This job is a good one to try this detail on because US-231 I a ridge road design having
few cross drains compared to other roads. This would mean that this recommendation
could be tried on this project with less risk. 1f it does not work - it can be reversed later

by installation of head walls.




VALUE ENGINEERING RECOMMENDATION
SKETCH OF ORIGINAL DESIGN

IDENTIFICATION NUMBER: D- | Pagel] of
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VALUE ENGINEERIMNG RECOMMENDATION

SKETCH OF RECOMMENDED DESIGN

IDENTIFICATION NUMBER:

FORM: 20 DEC 1986
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VALUE ENGINEERING RECOMMENDATION

CALCULATIONS
IDENTIFICATION NUMBER: [] -

FORM. 10 DEC 1996

Page & of
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VALUE ENGINEERING RECOMMENDATION
COST ESTIMATE - FIRST COST

FORM. 30 DEC 1996
IDENTIFICATION NUMBER: D - Page 7 of 7
Cost Item Units Unit Cost Original Design Recommended
Design
$/Unit | Sou- | Num Total Num Total
rce of 5 of $
Code | Units Units
Cirignial Desigin - THems flo be dleductdd
Heaclwall Cope. | C.m ’30c | Gi0c | 53,71 | 19,33¢ ~0-
Stee | Ka 105 gise | 1352 | 1,555 -0-
Tolta / 2c,891 -0-
Recemmended |- Ttdms fe lbe added
230mm Fige | am | ron | 4z ~0- | 34 | 34¢5
GLtCmm Pipe M| 13c | 44 ~ D~ 3 34¢
15Cmm Pip2 M| 143 |4¢c O 3 429
QeCmem Fipe M 195 | 4¢3 -0~ S 1,48¢
¢ HBmmfipe nl ] 225 | 4eq -O- 12 | z7cc
Ancher Cenc, el | 3ee | Sico -0 - Sah | Z,Guhs
Ripiay MT 17 | 24%4 -0- [4C 2,33¢C
Todal 13,770

SOURCE CODE: 1 Project Cost Estimate

2 CES Data Base
3 CACES Data Base

4 Means Esumating Manual
5 Richardson’s

& Vendor Lit or Quote (list name / detaiis)

7 Professional Experience
(List job if applicabie)
8 Other Sources (specify)



VALUE ENGINEERING RECOMMENDATION
- ____________________________________________ ]

PROJECT U.S. 231 Page | of ¥
LOCATION: Bowling Green to Scottsville Road
STUDY DATE: March 17-21, 1997

IDENTIFICATION NUMBER: P-1
FUNCTION OF COMPONENT BEING CHANGED:
DESCRIPTIVE TITLE OF RECOMMENDATION: Add perforated pipe in curb and gutter

section for drainage purposes.

ORIGINAL DESIGN:
Curb and gutter with bituminous pavement underlain by Dense Graded Aggregate Base.

There is no provision for subbase drainage.

RECOMMENDED CHANGE:
Curb and gutter with bituminous pavement underlain by a crushed stone base. Perforated
pipe added at gutter lines to drain pavement.

SUMMARY OF COST ANALYSIS

First Cost 0O & M Costs Total LC Cost
(Present Worth) | (Present Worth)

ORIGINAL DESIGN 480,761 451,650 932,411
RECOMMENDED DESIGN 596,917 203,760 800,677
ESTIMATED SAVINGS OR (COST) (116.156) 247,890 131,734
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VALUE ENGINEERING RECOMMENDATION
|

IDENTIFICATION NUMBER: P-1 Page A of

ADVANTAGES:

. Longer pavement life

. Less pavement rutting

DISADVANTAGES:

® Additional cost.

JUSTIFICATION:

° Providing positive drainage for the subbase will increase the life of the pavement and
decrease the amount of rutting. Rutting is occurring in the existing urban section that

° connects to this project. By reducing the rutting, maintenance costs will be reduced and
there will be less disruption to the traveling public.
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VALUE ENGINEERING RECOMMENDATION
SKETCH OF ORIGINAL DESIGN

FORM: 10 DEC 1984
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VALUE ENGINEERING RECOMMENDATION
FORM: 30 DEC 1968 SKETCH OF RECOMMENDED DESIGN
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VALUE ENGINEERING RECOMMENDATION

FORM. 70 DEC 1996 COST ESTIMATE - FIRST COST
IDENTIFICATION NUMBER: £ - | Page 5 of
Cost Item Units Unit Cost Original Design Recommended
Design
$/Unit | Sou- | Num Total Num Total
rce of $ of b
Code | Units Units
DcA Base M-Ten | 15.6¢ 3¢, %13 | 48,701
Ovoshes Sherz ol NiBal 17.4% 30,515 153%, 00t
4" 'Pecferated Pipe | M 113.¢3 341+ | 4¢,533
4 Ney-Reref. Prge v | az.57 1% ] €83
SiZe Ne, 57 .)'f'(-neL pM-Ten | fe 7€ S43 I
Hdwl Cuac. S, | 340 456 | |42
T c4dl] e, 17
SOURCE CODE: 1 Project Cost Estimate 4 Means Estimating Manuai 7 Professional Experience
2 CES Data Base 5 Richardson’s (List job if applicable)

3 CACES Dara Base 6 Vendor Lit or Quote (list name / details) § Qther Sources (specify)



VALUE ENGINEERING RECOMMENDATION

. ____________}
rorm sopec i LCC - COST ESTIMATE - BACKUP CALCULATIONS

IDENTIFICATION NUMBER: P-1 Page 6 of

Maintence required for approximately 1,707m times 1463m of asphalt paving. The total area or
24,973 m”2 will require 8,241 m”2 to be “wedged’ and 16,732 m”2 to be milled. Final work
will be an overlay of 1.5" over 24,973 m"2. Note: m”"2, means meters squared

2677 Bit Pave Milling & Texturing
16,732 m"2 x 0.038m = 636m"3
3,800 (Lbs/cy) /0.764 = 4,947 (Lbs/m”3)
4,974 Lbs/2000 = 2.49 (Tons/m"3)
2.49 x 0.9078 = 2.26 MT/m"3
636x2.26=1437TMT

1,437MT x 21.94 ($/MT) = §31,528

2700 Wedging
8.241m"2 x 0.038m = 313m"3
5,366 Lbs / 2000 = 2.68 Tons / m"3
2.68 x 0.9078 =2.43 MT/m"3
313 m"3 x 243 MT/m"3) =751 MT

751 x 33.10 = $24,858




VALUE ENGINEERING RECOMMENDATION

rorm 100ec 1096 LACC - COST ESTIMATE - BACKUP CALCULATIONS
IDENTIFICATION NUMBER: P-1 Page7 of

9149 Bit Conc Surf (Mod)
24,973 x 0.038 =949 m"3
4,100 (Lbs/cy) / 0.764 =5.366 Lbs/m"3
5366 Lbs/2,000 = 2.68 Tons/m”3
2.68 x 0.9078 =2.43 MT/m"3
949m"3 x 2.43MT/m"3 =2 306MT

2.306MT x $43.08 /MT = $99,342

Subtotal = $ 155,728
Mobilization 3% = § 4,672
Demobilization 1.5% = § 2406
Engr./Owner Cont. 10% = 16,281
Total =§179.,087
Use $180.000




VALUE ENGINEERING RECOMMENDATION

FORM 10 DEC, 1998

COST ESTIMATE -0 & M (LIFE CYCLE) COST

IDENTIFICATION NUMBER: P _{

Page @ of 8

PRESENT WORTH METHOD
LIFE CYCLE PERIOD (YEARS)= 2O

ANNUAL PERCENTAGE RATE = 4 %/,

Dollars in table are $ times 1,000

Initial Costs | Original | Reccomd
Design Design
PW3$ PW 3§
Ciushed g : g 59¢.9
EPpy b
Sub Totals of Initial Costs PW §. ,.
Later Costs InThe |[PW Original Design Recommended Design
Single Expenditure Yr Factor
Est $ PW§ Est$ PW3$
Inawmsuane | 5 1.8\ |20 (/4794
4 10 1679561180 U2lel |18 2 6
l 5 1.5553 (180 199,95
G | 20 |.45.41180 82,15 |Iéc |82.15
'Sub Total of Single Expenditure Costs PWS | 45] &5 i o3 7 ¢
Later Costs For How PW Original Design Recommended Design
. Many Yrs | Fact
Annual Expense any Yrs | Factor Est S PW S EstS PW S
Sub Totals of Annual Expense Costs PW S . b
Totals PW $ for Original & Recommended ;:f'f' 997, 4| 12 00.6%
Total PW S Savings (or Added Cost) for Recommended Design , 2 [ 13




VALUE ENGINEERING RECOMMENDATION
|

PROJECT U.S. 231 Page 1 of §
LOCATION: Bowling Green to Scottsville Road
STUDY DATE: March 17-21, 1997

IDENTIFICATION NUMBER: S-1

FUNCTION OF COMPONENT BEING CHANGED:

DESCRIPTIVE TITLE OF RECOMMENDATION: Modular Block Retaining Wall at
Greenwood High School.

ORIGINAL DESIGN:

The original design included a Standard, non-reinforced, gravity type retaining wall
between Sta. 1+499. This wall is used to prevent encroachment on the parking lot of Greenwood
High School.

RECOMMENDED CHANGE:
Use a modular block retaining wall instead of a standard gravity wall.

SUMMARY OF COST ANALYSIS

First Cost 0 & M Costs Total LC Cost
(Present Worth) | (Present Worth)

ORIGINAL DESIGN 19,388 0 19,388
RECOMMENDED DESIGN 10,296 0 10,296
ESTIMATED SAVINGS OR (COST) 9,092 0 9,092
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VALUE ENGINEERING RECOMMENDATION

IDENTIFICATION NUMBER: S-1 Page 3 of
ADVANTAGES:

® Easier to Construct.

° Doesn’t require form work.

L Doesn’t require curing time.

L More esthetically pleasing.

L Easier to construct curves in wall alignment.

L Less prone to vandalism and graffiti.

. Doesn’t require skilled labor to build.

° Construction time can be reduced.

DISADVANTAGES:

] Has not been used frequently by the Department.

JUSTIFICATION:

* The subject wall will be in the direct view of Greenwood high School and parking lot.
® Wall construction activities will disrupt use of the parking lot.

° The standard gravity walls are not attractive and are susceptible 1o movements and

differential settlements.




VALUE ENGINEERING RECOMMENDATION

IDENTIFICATION NUMBER: S-1 Page3 of

] Modular block walls are more attractive and can be provided in a variety of colors and
styles.

] Modular block walls are tlexible and can withstand movements and settiements.

® Modular block walls are easier and quicker to construct. The impact on the parking lot

would be less than that of the form work and curing times associated with the standard
gravity wall.




VALUE ENGINEERING RECOMMENDATION

Fowse 20 C 1964 SKETCH OF ORIGINAL DESIGN
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VALUE ENGINEERING RECOMMENDATION

FORM 12 DEC 1966 SKETCH OF RECOMMENDED DESIGN
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VALUE ENGINEERING RECOMMENDATION

FORM. 20 DEC 1996 CALCULATIONS
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VALUE ENGINEERING RECOMMENDATION

FORM 10 DEC 199% COST ESTIMATE - FIRST COST
IDENTIFICATION NUMBER: S - | Page g of 8
Cost Item Units Unit Cost Original Design Recommended
Design
$/Unit { Sou- | Num Total Num Total
rce of $ of $
Code | Units Units
Comerdde Chss A | w® [¥330 | 1 |59.75 #9288
|(Uh‘fﬂ‘t\6rwd Cmc> '
K]
Retaining_ Wall m= | * 7 | — 132 Mo
_) Fi
NO Aephg sVT \ e efre/r,
SOURCE CODE: 1 Project Cost Estimate 4 Means Estimating Manual 7 Protessional Experience
2 CES Data Base 5 Richardson's {List job if applicable)

3 CACES Darta Base 6 Vendor Lit or Quote (list name ! details) 8 Other Sources (specify)






SECTION ! - DESIGN SUGGESTIOND

Several Design Suggestions are presented in this section. Design Suggestions are ideas that
were, in the opinion of the team, good ideas, but were, never-the-less, not selected for
development and writeup as a formal recommendation. Design Suggestions, by definition, have
not been developed (proven) through team development and writeups. The team presents these
ideas for further consideration by the owner and designer, and if accepted, subsequent
development by the designer.

Design Suggestion 1.

The profile on construction sections 146.30 and 146.40 has not yet been adjusted for final grades
optimizing earthwork cut and fill. The team intended to make some suggested grade adjustments
to this end, however did not, because of insufficient data. The team did, however, identify two
areas (one in each construction section) where it appears that there is good opportunity to adjust
grades for better earthwork balance.

In construction section 146.30 between stations 1317+00 and 1393+00.
In construction section 146.40 between stations 1489+00 and 1557+00.

Design Suggestion 2.
Expect to find lead base paint and asbestos in the facilities to be demolished. Line items should
be included in the cost estimate to cover these potentials. Schedules need to allow for this

activity.

4-1






SECTION 5 - VALIDATED ITEMS

Validated items are presented in this section. Some parts of the design were studied, that did not
produce recommendations or design suggestions. In the opinion of the team, those parts of the
design cannot be improved upon. In that case, the study is, in effect, validating those parts of the
design. These items are listed below.

The team found very little to recommend on this project in the way of suggested improvement.
This is to the credit of all involved; designers, project managers, the district engineer, and those
who have been reviewing the project. The general consensus of the team is that the design was
well thought out, showing no apparent errors, and few recommendations for improvement.

When a value team studies a project design, and does not find many things to recommend for
improvement; this has the effect of validating those aspects of the design. If the team finds no, or
few, recommendations; then it can be assumed that a second group of independent professionals,
in this case the value engineering team, has come to the same conclusions as the design team,
thus validating the work of the design team.

Items studied and validated.
In particular, the following items were studied, and validated by the team.

Concern and design for, environmental issues, such as; bat caves, cemeteries, archeological sites,

underground tanks. and historic sites. The design alignment does a good job of avoiding these
sensitive areas.

The horizontal alignment in general. Considering right-of-way, property development, road
connections, keeping cross overs a minimum, and the need to remain in proximity to the old
roadway; the team finds no improvements to be made in this category.

The corridor. In the area of horizontal alignment, the team also agrees with the proposed need to
align the new road in the vicinity of the old road.

The vertical alignment in sections 146.01 and 146.01 was studied and validated. Because
earthwork quantities for the other two sections, 146.3 and 146.4 were not available; no
comprehensive study was possible on these, and therefore no conclusion can be drawn.
No improvement in the treatment of sink holes was found.

The decision to partially control the access is validated.

A good job in avoiding existing utilities.



Agree with the decision to demolish the existing bridges.

Items not studied.

Certain items were not studied, due to lack of information. These items while not the subject of
VE recommendations, can not be considered validated. Items not studied include:

Drainage structures.

Vertical alignment on sections 146.30 and 146.40.

Pavement design. Unfortunately for this study there was no data on pavement design that could

be studied. This is unfortunate because from the cost models it can be seen that the pavement
represents by far the largest share of project cost.
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APPENDICES

The appendices in this report contain backup information supporting the body of the report, and
the mechanics of the workshop.

CONTENTS

Participants

Cost Information

Function Analysis

Creative Idea List and Evaluation

Other Information Generated During the Course of the Workshop
Recommendation B-1

Response to Recommendations

Decision Worksheet

ommEaEy



APPENDIX A

Participants

Appendix A documents the persons who participated in the workshop.

APPENDIX A - Participants



Participants an1 Attendance

)
PERSONNEL ATTENDANCE
NAME Crpanization Role in Telephene | Introduction | Day | Day | Day Day Presentation
Workshop Meeting 1 2 3 4
John H. Williams Dames & Cost. Engr 918-440-
Moore 8963 X X X X X X
James Boddy Dames & Geotech, 847-228-
Moore Engr. 0707 X X X X X
Joente Fields KYTC Design 502-564-
3280 X XX | XX X
Robert Semones KYTC Design 502-5064-
8 X X1 XXX X
Daryl Greer KYTC Design 502-564-
3280 X X|[X|[X]X X
Glen Kelly Presnell Assoc. 502-345-
Inc 2222 X X
P"hil Carter KYDOT Construction | 502-746-
7898 X X
Kenneth W. Cox KYDOT I're. Const 502-746-
TH98 X X X
Gury §. Poole KYTC Highway 502-304-
Design 328 X X X X X X
Lowell 8. McGowan | D& M/H&E Engineer 502-343-
Jamie L. Pappas Dames & Recorder 913-677-
Moore 0023 ext. X X X X X X
116
John Sankey Dames & Team Leader | 913-677-
Moore (023 ext X X X X X X
124

Note: Study was closed one day early because the project was found to offer minimal VE
opportunity. For this reason there were 4 days in lieu of the usual 5.



APPEND'IX - B
Cost Information

APPENDIX B - Cost Information



General

There are four cost estimates associated with this project; an overall planning estimate done by
Wilbur Smith and Assoc in 1993, a designer’s estimate for section 146.01 dated Oct 1996, a
designer’s estimate for section 146.10 dated Feb 1997, and a designer’s estimate for section
146.20 of recent origin but of unknown date.

Overall Planning Estimate by Wilbur Smith and Assoc.

An overall analysis was made of the Wilbur Smith 1993 planning estimate using the three later
estimates of the separate construction sections (146.01, 146.2, and 146.1) for comparison. The
unit prices used in the planning estimate appear reasonable. The estimated costs found in the
planning estimate appear to be significantly lower than the more recent construction section
estimates. This difference continues to be significant after the planning estimate has been
escalated up to present time.

The three designer’s Estimates.

Nothing appeared to be out of line with these three estimates. There is no disagrement with the
unit prices. There was no way to verify lump sums, such as clearing and grubbing, and bridges.
There was no way to verify quantities. For these reasons the estimates could not be completely
verified.

Team’s Approximation of Total Overall Cost

The team developed an overall estimate of the complete project (all five sections 146.01, 146.10,
146.20, 146.30, and 146.40). Three of the five sections have been estimated for cost, two
sections have not. The estimates for the three sections were used to create an average estimate
for the two sections without estimates. Adding the three known estimates plus the two averaged
estimates gave an approximation of the total cust of the project.

The three current estimates of the three construction segments ( 146.01, 146.20, and 146.10)
were used to establish an average estimated cost per kilometer (the estimated cost being reduced
by the amount of the bridges and the one large box culvert). This average estimated cost was
then used as a multiplyer over the length of the two construction sections not currently estimated
(146.30 and 146.40) to obtain an estimated cost for the two sections (146.30 and 146.40). Since
the sections 146.30 and 146.40 do not contain bridges or a large box culvert, the reduced average
computed from sections 146.01, 146.20, and 146.10, can be assumed to reflect a realistic
measure, Based on this analysis, the team has estimated the total project at $46,716,289. The
breakdown between construction sections is as follows.

Construction section 146.01 estimate = $3,994.719

Construction section 146.10 estimate = $12,301,944

Construction section 146.20 estimate = $11,098,154

Construction section 146.30 estimate = $19.321,472 (Based on a per kilometer average)

Value teamn estimate for total project = $46,716,289 (Total cost to the owner)



Cost Models.

The team created cost models based on the estimates to use as an aid to discover where the major
portions of money were estimated to be used on the project. At the time of the study, four
estimates were given to the team; an overall estimate made by Wilbur Smith and Assoc in 1993,
and more current estimates of three of the five construction sections; 146.01, 146.10, and 146.20.
These four estimates were used to create four cost models based on functional assembly systems
on the project. Eight functional assembly systems were defined, to which a ninth catagory titled
“other” was added, making a total of a nine catagory breakdown for each of the four models.
The catagories used were:

Pavement

Earthwork

Drainage (including headwalls, and not including box culverts)

Stuctures (other than pipe drainage structures to include culverts, retaining walls,
and bridges)

Erosion control

Mobilization / Demobilization

Traffic maintenance

Safety

Other

B

A

Cost Distribution Sheets were used to redistribute the estimated costs from the “construction
item” breakdown of the estimate, to the “functional assembly system” breakdown of the cost
model. A functional assembly breakdown is more meaniful to the value analysis than is the
construction item breakdown.

The four Cost Model - Cost Distribution Sheets used to build the four cost models are shown on
the following pages. The data from the distribution sheets was combined on a summary sheet to
show the distribution of cost over the 9 catagories for all four estimates. From the summary
sheet it can be seen that pavement accounts for almost half the project cost. Earthwork is the
next big item with drainage and structures next below that. Cost distribution sheets and the
corresponding summary sheet are shown later in this appendix.

Concrete Box Culvert
The team suggests that the large box culvert on project 146.10 has been underestimated. The
difference of opinion is in the area of quantities.
Large concrete box culvert was estimated at $7,227,396.
2,494 CU M class A concrete.
298,794 KGRAM steel reinforcement.

Based on corrections of the quantities, the new estimate is suggested to be $6,738,683.
1,850 CU M class A concrete.
165,000 KGRAM steel reinforcement.



This is a reduction to the cost estimate of $488,533. Adding in contingencies and owner cost
that reduces the VE team estimate of total cost to the owner from $49,757,928 to $46,716,289.

Gravity Retaining Wall
During the workup on idea S-1 it was noted that there is no apparant item in the designer’s cost
estimate for the gravity retaining wall in front of Greenwood High school.

Sink Holes.

It is thought that the effort needed to overcome sink holes is underestimated. It is suggested that
the estimate be increased to cover more of this possibility.

Team Estimate of Total Project Cost.

Construction Sections of the Project.
146.01 146.2 146.3 146.4 146.1
Urban Rural Rural Rural Rural
. First Cost: First Cost: First Cost:
Bé’w"“g §3.994.719 | $11,098,154 | MO Est | NoEst 4 ¢1s 01044 | Scottsville
reen
90% o - 15% 15% 0 .
Design 30% Design D D 30% Design
Ist. Cost Budget
Section 146.01= 3,994,719 5,000,000
Section 146.2 ==11,098,154 11,000,000
Section 146.3 = No Est. 7,750,000
Section 146.4 = No Est.
Section 146.1 =12,301,944 12,000,000
$27.394,817 1st Cost for 146.01, 146.2, 146.1 (15.68 KM)

17.7 Mile x 1.609 = 28.48 KM

We have Estimates for 15.68 KM (146.01, 146.2, 146.1)

We have no Estimates for 12.8 KM (146.3, 146.4)
($27,394,817)/(15.68 KM) =$1,747.118 $/KM for 146.3 and 146.4

($1,747,118 $/KM) x (12.8 KM) = $22,363,311 for 146.3 and 146.4



Averaged Estimate =$22,363,311  for 146.3 and 146.4
+
Known Estimates = $27.394.817 for 146.01, 146.2, and 146.1
Total Cost to Owner =§49,757,928 - Adjust to omit Bridges &
Large culvert

Wilbur Smith - Alt. 1 November 1993 = 25,724,696
Nov. 93 - Mar. 97 = 41 Months.
41/12=3.42 Yrs. @ 3.1% = 10.6 % Escalation
25,724,696 x 1.106 = $28,451,514
Wilbur Smith Escalated to March 1997 = $28.451,514

Adjust Prices for 15.68 KM @ $27,394,817 Mob DeMob Eng. Cont.

Delete Bridges @ 2,176,200 ----------- 3% 1.5% 15%  $2,616,375
Delete Culvert @ + 884,500 -----——- 3% 1.5% 20%  $1.109.640
$3,060,700 $3.726,015 Delete

Sum of 146.01 +146.20 + 146.10=$27,394,817
Delete Bridges =_$ 3,726,015

Adjusted Cost 15.68 KM = $23,668,802
($23,668,802) / (15.68 KM)= $1,509,490/KM

No Estimates for 12.8 KM
Use 1,509,490 x 12.8 = $19,321,472

Sum of 146.01 + 146.2 + 146.10 = $27.394 817
$46,716,289



Cost Distribution Sheets.

On the following sheets will be found the four cost distribution sheets used to redistribute the
cost estimate from the “construction items” listed vertically in column one to the “functional”
assembly/systems listed horizontally across the sheet at the top of column 3-13. The purpose of
the redistribution of cost to functional assembly systems is that analyzing cost using this break
down is more meaningful to the value analysis methodology than is an analysis based on
construction items.
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Cost Models.
In the table below will be found four cost models tor this project. The functional assembly

system breakdown is listed in the leftmost column of the table. The cost models are shown in the
next columns 2 - 5. The models show the breakdown of four cost estimates into the functional
assembly systems, showing both dollar amounts and percentages. From the cost models, the
assemblies can be identified that contribute the most cost to the projegt.



General Cost Categories

Cost Mndels

Model 1 Model 2 Model 3 Model 4
Overall 146.1 146.2 146.01
Project Section Section Section
Pavement 10,960,008 4,494 640 4,109,754 1,726,903
43% 42% 43% 48%
Earthwork 5,362,784 3,256,244 2,100,000 427,088
21% 31% 21.7% 12%
Drainage - 479,620 338,434 195,750 680,471
Head wall 2% 3% 2% 19%
Structure 3,600,000 1,276,393 2,176,200 20,347
14% 12% 22.5% 1%
Culvert
Retaining
wall
Bridges
Erosion 435,133 164,064 165,840 69,852
Control 2% 1.5% 1.7% 2%
Mob/DMob 1,493,983 458,988 415,575 156,382
6% 4.3% 4% 4.4%
Traffic 524,000 100,000 98,400 156,650
Maintenance | 2% 0.9% 1% 4.4%
Other 2,206,420 407,866 277,950 329,282
9% 3.8% 2.9% 9.2%
Safety 274,770 162,100 111,100 0
1% 1.5% 1.2% 0%
TOTALS 24,503,498 10,658,729 9,650,569 3,566,975
99.91% 100% 100% 100%




Appendix C
Function Analysis

As a means for stimulation creative ideas, function of certain project components are studied.

Shoulder (Used in urban and rural areas)
Allow Stopping

Allow Recovery

Allow Maintenance

Median

Separate Traffic

Avoid Accidents

Allow Recovery

Drain Road

Add Right-of-Way

Make future Right-of-Way
Allow Future-Widening

Curb & Gatter (Used in urban areas)
Reduces Right-of- Way
Removes Ditch (Slope / Back Slope)

Subase

Distribute Load

Drains Subsurface
Protects Wearing Surface
Reduces pumping
Reduces Leaching

thtnhm o

Appendix C - Function Analysis



APPENDIX D
Creative Idea List and Evaluation

On the following pages is the list of creative ideas developed by the team. From these ideas was
generated the recommendations. Each creative idea is identified by a unique ID number. The
subsequent recommendations bear the same ID number corresponding to the creative idea from
whence the recommendation came.

Also shown is the numerical value of the assumed potential of the idea prior to development.
Those ideas given high potential values were chosen for development into recommendations.

APPENDIX D - Creative Idea List and Evaluation.



ID

IDEA

Potential

Developed

B-1

Do 1 Bridge in Lieu of 2 Bridge in one direction. (4
lane rural section). Combine the 2 bridges in a single
direction. Two bridges overall in lieu of four bridges
overall. Later dropped because hydraulics did not
work, See Appendix for explanation.

6

D
(later

dropped)

B-2

Reuse existing Bridges

B-3

Replace large box culvert in section 146.1 with bridge.

B-4

Do “2 ea" 4-driving lanes 2 shoulders (5-lanes overall)
Bridges in lieu of “4 each” 2 lanes, 2 shoulders (2 lanes
overall) Bridge. [12' outside shoulder, 6' inside
shoulder}].

Change from 40' median rural section and use a
narrower template (urban section with shoulders and
w/o curb and gutter and with 14’ paved median) from
Bowling Green through the bridges over drakes creek.

(later
dropped)

B-4A

Same as B-4 except a jersey barrier is added to the
paved median,

D-1

Eliminate Head walls and extend pipe.

E-1

Roll the Grade to increase excavation and decrease fill
for sections 146.1, 146.3. and 146.4. This idea was
selected for development. During development it was
discovered that the data that way assumed to be
available had not been created. Development was then
dropped.

Have less cut and fill by altering profile. Eliminated
because it is same as E-1

Use narrower template & Jersey Barrier median
through R. Valley with fili. This idea was combined
witi1 B-4 during development.

Change Alignment at Alventon. Go south of town

G-2

Continue 5 lane urban section out past the bridges over
Drakes Creek. This idea was combined with B-4
during development.




G-3 "Jse New Alignment, but use
“2 each™ 12ft. Driving Lanes and “2 each™ 10ft.
Shoulders. Add truck climbing lanes. Do this in lieu
of 4 lanes and 4 shoulders.

P-1 Add perforated pipe in urban section for drainage.
Substitute crushed stone subase for DGA subase.

P-2 Eliminate Curb & Gutter in urban section. Use ditch.

P-3 Don’t Pave Shoulders, Use Gravel or grass

P-4 Full Depth Asphalt. Use drainage course on lime
stabilized subgrade.

ROW-1 Use curb and gutter around Sub-Divisions in lieu of
ditch

ROW-2 Eliminate Ditches. Just let water run off pavement.

ROW-3 Lower grade - Reduce side slope fills. This idea was
combined with E-1 during development.

ROW-4 Change Access control from limited Control to “By
Permit” control. Eliminate the frontage road.

ROW-5 Use Jersey Barrier-median. This idea because part of
B-4.

ROW-6 Reduce/Eliminate Clear Zone. use Barrier instead.

ROW-7 Achieve Limited reduction of Right of Way in critical
areas for specific purposes.

ROW-8 Use Steeper slopes with guardrail

ROW-9 Reduce pavement width. Change from 12' lanes to 11'
lanes.

ROW-10 | Use Retaining Walls. This is a specific application of
ROW-7

S-1 Small Std. Gravity wall in front of Greenwood High
school. Replace with Mod Block retaining wall.

SH-1 Eliminate the Box that is usually used over the sink

hole and just fill in sink hole with boulders.
Run the drainage pipe out from the boulders to allow
water to escape from the sink holes..




SH-2

Bridge Sink hole with concrete bear 5 & reduce the
amount of fill needed to bridge over the sink hole.
(This is an environmentally conscious idea because it
minimizes the amount of contamination that is put into
the sink hole).

SH-3

Mud jacking access to fill in top of sink hole.

SH-4

Use Reinforced embankment with geo-grid to bridge
sink holes.




APPENDIX E
Other Information Generated During the Workshop

APPENDIX E - Other Information Generated During the Workshop



Project Drivers
Those things that are causing the project to be configured as it is.

Project Drivers that initially caused the project.
Horizontal Alignment of the existing US 231
Many sharp and twisting turns. A winding road making it almost impossible to
pass.
Vertical Alignment of the existing US 231
Continuous hills and valleys making it almost impossible to pass.
Inadequate typical section on existing US 231
Inadequate shoulder width/ inadequate Lane width) on US 231.
Increased traffic on existing US 231.
Accidents on US 23].
The design speed on the existing roadway Us-231 is 20mph, however,
commuters drive 60 mph. This is a probable cause of accidents.

Project Drivers that influenced the typical section used in the new design.
Increased Traffic on US 231.
Danger/Accidents on US 231.
Safety (inadequate shoulder width/ inadequate Lane width) on US 231.
Inadequate Typical section

Project Drivers that influenced the horizontal alignment used in the new design.
Land use.
Expensive Development.
Property values
Subdivisions
Wetlands locations.
Utilities locations.
Gas lines.
Archeological sites.
Road connections/ access limitations. Roads that must connect to new highway.
Sink holes
Historical sites - Things that are on the National Register, or things that are proposed to
be on the National Register.
Design speed.
Bat caves.

Project Drivers that influenced the vertical alignment used in the new design
Road connections/ access limitations. Roads that must connect to new highway.
Earthwork balance of cut and fill.



Site distance crileria.
Design speed.
Sink holes

What are the various ways to create a wearing surface?

Wearing Surface  Binder Base Subase
Bituminous Bit Bit Crushed Stone
PCC none DGA Crushed Stone
Dirt

Gravel

Steel Grate

Design Deficiency
Pavement Drainage in Urban section (curb/gutter)
No subase drainage is present.
Need to add a subase drainage system.
Perforated Pipe
Fin Drain
Aggregate Drain

Primary Cost Items
Pavement
Earthwork
Drainage -including head walls
Structure
culvert
retaining wall
bridges
Erosion Control
Mob/Dmob
Traffic Maintenance

Major Physical Components of the Roadway.
Shoulders

Driving lanes

Medians

Ditches

Turn lane

Clear zone

Curb & Gutter w/storm sewers

Road intersections.

Right of Way



APPENDIX F
Recommendation B-1

Recommendation B-1 was to incorporate the combination of the two bridges over Drake’s Creek
into one bridge. Both the existing roadway, and the proposed design utilize two bridges in series
over Drake’s Creek, one for the main channel, and one for the overflow channel. This idea was
to be developed into a recommendation. During development, the hydraulic calculations did not
prove out, and the recommendation was dropped. On the following pages is documented the
analysis used for this recommendation. This is included for the benefit of those who might want
to better understand why this idea did not work.

APPENDIX F - Recommendation B-1



B-1

The existing US-231 crosses Drake’s Creek by means of a 146m bridge for the main channel and
a 64m bridge for an overflow channel. These bridges are noted for scour in their inspection
reports. Therefore the replacement crossing shouid have equal or better hydraulics. Although the
allowable backwater for the 100 year storm is 0.03 meters, the crossing, backwater should be
limited to 0.23 meters which the existing will create.

The proposal was to combine the two bridges into one 210 meter bridge. This crossing
would create 0.39 meters of backwater. This 0.17 meter increase in backwater would also result
in an increase in velocity through the bridge with a resulting increase in scour potential. This
would require a channel charge near the overflow channel.

This Value Engineering review concludes that the crossing as designed is a cost effective
alternate. The hydraulics for this recommendation will not work out, therefore this
recommendation is dropped. The next pages contain the rest of this analysis.
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