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EXECUTIVE SUMMARY

FXECUTIVE SUMMARY

E.1 PROJECT DESCRIPTION

Alfred Benesch & Company (Benesch) performed a Value Engineering Workshop for the Connecticut
Department of Transportation (CTDOT). State Project No. 63-703 involves the relocation of Interchange 29 on
Interstate 91 (I-91) Northbound (NB) and the widening of I-91 NB and State Route 5/15 NB towards Interstate 84
(I-84) Eastbound (EB) in Hartford and East Hartford, Connecticut.

The project begins on I-91 NB in the vicinity of Wethersfield Cove, extending northerly to Route 15 NB and ends
approximately 625 feet north of Silver Lane and before the I-84 EB merge. The purpose of the project is to address
safety concerns associated with congestion and operational failures at Interchange 29 on I-91 NB.

The I-91 NB Interchange 29 off-ramp is a single-lane configuration with a steep vertical grade that contributes
to significant traffic delays due to the heavy volume of vehicles. In addition to the geometric deficiencies of the
off-ramp, there is a heavy weave condition occurring on the Charter Oak Bridge at the end of the ramp where
motorists attempt to access I-84 EB, Route 5/15 NB, Route 2 and Silver Lane. The existing traffic queues extend
onto the I-91 NB mainline, taking up the
right lane of the three-lane facility. The
length of the queue varies, but has been
observed to extend approximately 1.4 miles
in the vicinity of Wethersfield Cove. The
safety issues are compounded by drivers
that routinely cut into the right-lane

queue from the center lane, which further
increases congestion on I-91 in this area.

The current preferred design Alternative is
Alternate 8B, which includes the widening
of I-91 NB for approximately 4,300 feet to
provide four lanes from Interchange 27 to
29. The widening is anticipated to relieve
congestion and address safety concerns due
to motorists entering the queue from the
center lane of I-91 NB. The widening will
require modifications to Bridge No. 00813
(I-91 over Route 15), Bridge No. 03613
(I-91 over a drainage crossing), Bridge No.
01466 (I-91 over the SB entrance ramp to
I-91 SB and Route 15 SB), and Bridge No.
00480 (I-91 over Airport Road).

Figure E1: Project Area
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VALUE ENGINEERING REPORT

The geometric and congestion issues associated with the Interchange 29 oft-ramp will require the removal and
relocation of the existing ramp to just south of Bridge No. 05992 (I-91 over Route 5/15) in the form of a major
diverge. The proposed left-exit ramp will consist of two lanes and require a new bridge over Route 15 SB. The
proposed diverge requires the realignment of Route 15 NB and widening of the southern approach to the Charter
Oak Bridge (Bridge No. 06000A, Route 15 NB over I-91, Reserve Road and rail line). The Charter Oak Bridge
(Bridge No. 06000A) consists of a 12-foot left shoulder, three 12-foot travel lanes and a 12-foot right shoulder.

In order to accommodate the two lanes from I-91 and Route 15, it is proposed to modify the existing pavement
markings to provide a 4-foot left shoulder, four 11-foot travel lanes, and a 12-foot right shoulder.

Due to the proximity of a four-lane merge and lane drop at Interchange 90, Route 15 would be widened to three
travel lanes from north of the Charter Oak Bridge to the Silver Lane underpass and provide a lane-drop prior to
its merge with I-84 EB. The widening addresses congestion concerns on Route 15 and allows a more desirable
distance from Interchange 29 to merge from three travel lanes to two prior to its merge with I-84 EB. This
improvement will require the widening of Bridge No. 06043A (Route 15 over Route 5) and Bridge No. 05796
(Route 15 over Silver Lane).

E.2 PROPOSED WORK

As part of the subject contract, CTDOT has requested that Benesch conduct a Value Engineering (VE) Study
for the referenced project in accordance with Federal Regulation 23, CFR Part 627, ASTM E1699 and with the
standards established by SAVE International, formerly known as the Society of American Value Engineers.

The project addresses the relocation of Interchange 29 on I-91 Northbound in Hartford and East Hartford for
safety and operational improvements.

The VE Study was conducted the week of May 23, 2016. The Information Phase began with the project
introduction and presentation by the Project Designer, CME Associates, of the current Preliminary Design. The
remainder of the VE Study was carried out at the Glastonbury offices of Alfred Benesch & Company.

The results of the VE Study were presented to CTDOT and the Project Designer on Wednesday, June 1, 2016 at the
Newington offices of CTDOT. A summary of the VE Study, including proposals, are as follows. The recommended
VE Alternative for each proposal is labeled in blue.

E.3 PROPOSALS

Proposal P1 - Evaluation of CTDOT Interchange Alternatives

As Given: Alternative 8B proposed to relocate Exit 29 Ramp to the left side of [-91, and treat it as a two (2) lane
major diverge instead of an exit ramp. The I-91 Exit 29 traffic will enter Route 5/15 on the left side of the roadway.
Route 5/15 over the Charter Oak Bridge will be partially widened and re-striped to provide four (4)11-foot lanes
with the right lane acting as an “Exit Only” lane to Exit 89 to Route 2 and Main Street. The maximum grade for
Exit 29 will be 2.55%.

CTDOT Alternative 4: Alternative 4 proposed to relocate Exit 29 south and combine it with Exit 27 (Brainard
Road). The new combined exit would be a two-lane exit, with the Exit 29 traffic continuing over Route 5/15
northbound on a two-lane flyover structure, intersecting with Route 5/15 traffic from the left. Route 5/15 would
continue north as five lanes, with three lanes continuing onto the Charter Oak Bridge and two lanes exiting to I-91
northbound via Exit 89. The existing Exit 29 Ramp would be removed, and the existing three lanes on the Charter
Oak Bridge will be maintained. Four bridges, two carrying I-91 over roadways and two carrying roadways over




EXECUTIVE SUMMARY

I-91 will need replacement, as well as a major realignment and reconstruction of Route 5/15 between I-91 south of
Exit 28 and the Charter Oak Bridge.

CTDOT Alternative 6C: Widen the existing Exit 29 Ramp to provide two lanes on the existing horizontal and
vertical geometry. This Alternative leaves Exit 29 in its current location but would widen the ramp roadway to

two lanes. The existing ramp geometry (horizontal and vertical) remains unchanged. The Charter Oak Bridge
would be re-striped to provide four travel lanes by narrowing the shoulders and providing 11-foot travel lanes. The
Route 5/15 Exit would be re-configured to eliminate the connection to Route 2, which allows the diverge point to
be shifted east. This change allows for a longer weaving section along Route 5/15 between where the I-91 traffic
merges to where the Exit 90 traffic leaves the mainline traffic stream.

CTDOT Alternative 6D: Similar to Alternative 6C, but does not alter / relocate Route 5/15 Exit 90 to Route 2 and
Main Street.

RECOMMENDATION

The VE Team validates the As Given Alternative.

Proposal P2 - Maintain the I-91 NB Exit 29 Ramp on the Existing Alignment

As Given: It is proposed to relocate the Exit 29 Ramp to the left side of I-91 and treat it as a two (2) lane major
fork instead of an exit ramp. The I-91 Exit 29 traffic will enter Route 5/15 on the left side of the roadway. Route
5/15 over the Charter Oak Bridge will be re-striped to provide four (4) 11-foot lanes with the right lane acting as
an “Exit Only” lane to Exit 90 to Route 2 and Main Street. The maximum grade for Exit 29 will be 2.55%.

VE Alternative P2A: Widen the existing Exit 29 Ramp to provide two lanes on the existing horizontal and vertical
geometry. This Alternative leaves Exit 29 in its current location but would widen the ramp roadway to two lanes.
The existing ramp geometry (horizontal and vertical) remains unchanged. (This is similar to the original CTDOT
Alternate 6C).

VE Alternative P2B: Widen the existing Exit 29 Ramp to provide two lanes on the existing horizontal alignment
with new, flatter, vertical geometry.

VE Alternative P2C: Keep Exit 29 as a single-lane ramp, but move the diverge / decision point further south. This
Alternative leaves Exit 29 in its current location. The existing ramp geometry (horizontal and vertical) remains
unchanged, but move the physical separation of the ramp and mainline further south. The exit ramp would be
separated from the mainline traffic by a physical barrier to minimize queue jumping.

RECOMMENDATION

The VE Team validates the As Given Alternative.

Proposal P3 - 1-91 Capacity Improvements

As Given: Widen I-91 northbound to four (4) lanes from south of Exit 27 to the new Exit 29. The new Exit 29 will
be a major fork with two (2) lanes diverging to the left for Exit 29 and three (3) lanes continuing north as I-91. Exit
27 will be converted from an “Exit Only” lane to a conventional exit.
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VALUE ENGINEERING REPORT

VE Alternative P3A: Except for the minimum widening to develop four lanes for the Exit 29 major fork, keep I-91
northbound three lanes wide between Exit 27 and Exit 29. The widening to achieve the four (4) lane cross section
in advance of the major fork must begin 2,000 feet prior to the decision point. This widening begins prior to Bridge
00480 (Airport Road), requiring widening of the bridge.

RECOMMENDATION:

The VE Team validates the As Given Alternative because it provides the necessary number of lanes along I-91 to

meet future traffic volumes.

Proposal P4 - Revise Route 15 Eastern Project Limit

As Given: Route 15 is widened to accommodate three (3) travel lanes from the east end of the Charter Oak
Bridge, matching the existing two (2) travel lanes approximately 300 feet east of Bridge No. 05796 over Silver
Lane. This requires widening the existing bridge over Silver Lane. Noise barrier at the south curb line was recently
reconstructed from Exit 91 to the project limit.

VE Alternative P4A: Match the existing two (2) travel lanes on Route 15 west of Silver Lane. A reduction of 550

feet of associated roadway widening of Route 15. This proposal eliminates the widening of Bridge No. 05796 —
Route 15 over Silver Lane and reduces the amount of recently reconstructed Noise Barrier.

RECOMMENDATION

The VE Team recommends VE Alternative P4A, which shifts the eastern project limits of Route 15 northbound

construction in East Hartford to west of Silver Lane.

Proposal P5 -New Exit 29 Bridge over Route 5/15 Southbound Width / Cross Section
As Given: Exit 29 - 12-foot Left Shoulder, 12-foot lanes, 12-foot Right Shoulder.

VE Alternative P5A: Construct the New Exit 29 Bridge over Route 5/15 Southbound with a 4-foot Left Shoulder,
12-foot Lanes, and a 10-foot Right Shoulder. Currently, the left shoulder along I-91 immediately to the south of the
new bridge is six feet wide, and immediately to the north, the left shoulder is four feet wide along the Charter Oak
Bridge.

VE Alternative P5B: Construct the New Exit 29 Bridge over Route 5/15 Southbound with a 4-foot Left Shoulder,
11-foot lanes, and a 10-foot Right Shoulder. This is similar to VE Alternative P4A, except instead of 12-foot travel
lanes, 11-foot travel lanes will be provided. This 11-foot travel lane width matches the travel lane widths that are
being provided upstream on the Charter Oak Bridge. This will reduce the overall width of the bridge from 48 feet
curb-to-curb / 51 feet 10 inches out-to-out to 36 feet curb-to-curb / 39 feet 10 inches out-to-out, for a reduction of
12 feet of width.

RECOMMENDATION:

The VE Team recommends Alternative P5A.
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EXECUTIVE SUMMARY

Proposal P6 - Consider Alternate Approaches to Addressing Vertical Clearance Issues
at I-91 Underpasses

As Given: Provide an increased under-clearance at the bridges to meet 14 feet- 6 inches by lowering the roadway
profiles below the bridges, along with utilizing shallower beams for the widening. This underclearance is the mini-
mum standard.

VE Alternative P6A: Maintain the existing minimum under-clearances at the bridge by utilizing shallower beams
for the widening (wherever possible).

VE Alternative P6B: Provide an increased under-clearance at the bridges to meet 14 feet- 6 inches by replacing the
superstructure with new, shallower superstructures.

RECOMMENDATION:

The VE Team validates the As-Given solution to increase the vertical clearance to 14 feet- 6 inches under the three

bridges by lowering the roadway and utilizing shallow depth beams to complete the widening.

Proposal P7 -Optimize Span Configuration

As Given: Construct a five-span continuous Trapezoidal Box Girder. The spans are 140 feet, 215 feet, 215 feet, 170
feet and 140 feet. The total Bridge length is 880 feet. Piers #1, #3 and #4 are concrete wall piers with steel integral
bent caps. Pier #2 is a Straddle Pier. The width is 51 feet - 10 inches. The deck area is 45,610 SE.

VE Alternative P7A: Construct a three-span Continuous Plate Girder. The spans are 215 feet, 215 feet, and 170
feet. The total Bridge length is 600 feet. Pier #1 is a Straddle Pier and Pier #2 will be a Hammerhead Pier. The
abutment corners will be clipped to accommodate the barrier below. In addition, the wingwall will be set back to
accommodate the barrier below. The width is 51 feet -10 inches. The deck area is 31,098 SE.

VE Alternative P7B: Construct a four-span continuous Plate Girder. The spans are 215 feet, 215 feet, 170 feet and
140 feet. Add a 40-foot approach span with precast beams / girders. The total Bridge length is 780 feet, including
the single 40-foot approach span. Pier #2 is a Straddle Pier and Piers #1, #3 and #4 will be a Hammerhead Piers.
The width is 51 feet - 10 inches. The deck area is 40,428 SE.

VE Alternative P7C: Construct a four-span continuous Plate Girder. The spans are 255 feet, 215 feet, 170 feet
and 140 feet. The total Bridge length is 780 feet. Pier #1 is a Straddle Pier and Piers #2, #3 and #4 will be Hammer-
head Piers. The width is 51 feet - 10 inches. The deck area is 40,428 SE.

RECOMMENDATION:

The VE Team recommends the implementation of Alternative P7C. Though Alternative P7A appears to offer

greater savings, there are complexities with the design at the north abutment which make this Alternative
undesirable.
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VALUE ENGINEERING REPORT

E.4 SUMMARY OF PROPOSALS

The VE Team validated the following As Given options:
Proposal No. 1 —Evaluation of CTDOT Interchange Alternatives
Proposal No. 2 - Maintain the I-91 NB Existing Exit #29 on the
Existing Alignment Alternative
Proposal No. 3 - 1-91 Capacity Improvements
Proposal No. 6. Vertical Clearance Issues at I-91 Underpasses

Cost Difference

Proposal (+) Savings Add’l
Number Description As Given VE Alternative | Cost Difference Const.
Evaluation of CTDOT Interchange
P1 Alternatives $170,000,000 — — $0*
Maintain the I-91 NB Existing Exit #29
P2 on the Existing Alignment Alternative ~ $170,000,000 — — $0*
p3 I-91 Capacity Improvements $36,741,000 o o $0*
pq  ReviseRoute 15 Eastern ProjectLimit 445 815000 50 (+)$12,812,000 (+)$12,812,000
ps  New Bxit #29 Bridge Typical Section $38489,000  $30,918000  (+)$7,570,500 (+)$7,570,500
PG Vertical Clearance Issues at 1-91 $35.474000 - - $0*
Underpasses
Optimize Span Configuration
p7 $39,812,000 $37,230,000 (+)$2,582,000 (+)$2,582,000
$22,964,500
* Validation Figure E.1: Summary of Proposals




INTRODUCTION

INTRODUCTION

1.1 PROJECT DESCRIPTION

Alfred Benesch & Company (Benesch) performed a Value Engineering Workshop for the Connecticut
Department of Transportation (CTDOT). State Project No. 63-703 involves the relocation of Interchange 29 on
Interstate 91 (I-91) Northbound (NB) and the widening of I-91 NB and State Route 5/15 NB towards Interstate 84
(I-84) Eastbound (EB) in Hartford and East Hartford, Connecticut.

The project begins on I-91 NB in the vicinity of Wethersfield Cove, extending northerly to Route 15 NB and ends
approximately 625 feet north of Silver Lane and Before the I-84 EB merge. The purpose of the project is to address
safety concerns associated with congestion and operational failures at Interchange 29 on I-91 NB.

The I-91 NB Interchange 29 off-ramp is a single-lane configuration with a steep vertical grade that contributes
to significant traffic delays due to the heavy volume of vehicles. In addition to the geometric deficiencies of the
off-ramp, there is a heavy weave condition occurring on the Charter Oak Bridge at the end of the ramp where
motorists attempt to access I-84 EB, Route
5/15 NB, Route 2 and Silver Lane. The
existing traffic queues extend onto the
I-91 NB mainline, taking up the right lane
of the three-lane facility. The length of

the queue varies, but has been observed
to extend approximately 1.4 miles in the
vicinity of Wethersfield Cove. The safety
issues are compounded by drivers that
routinely cut into the right-lane queue
from the center lane, which further
increases congestion on I-91 in this area.

The current preferred design Alternative is
Alternate 8B, which includes the widening
of I-91 NB for approximately 4,300 feet to
provide four lanes from Interchange 27 to
29. The widening is anticipated to relieve
congestion and address safety concerns due
to motorists entering the queue from the
center lane of I-91 NB. The widening will
require modifications to Bridge No. 00813
(I-91 over Route 15), Bridge No. 03613
(I-91 over a drainage crossing), Bridge No.
01466 (I-91 over the SB entrance ramp to
I-91 SB and Route 15 SB), and Bridge No.
00480 (I-91 over Airport Road).
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The geometric and congestion issues associated with the Interchange 29 oft-ramp will require the removal and
relocation of the existing ramp to just south of Bridge No. 05992 (I-91 over Route 5/15) in the form of a major
diverge. The proposed left-exit ramp will consist of two lanes and require a new bridge over Route 15 SB. The
proposed diverge requires the realignment of Route 15 NB and widening of the southern approach to the Charter
Oak Bridge (Bridge No. 06000A, Route 15 NB over I-91, Reserve Road and rail line). The Charter Oak Bridge
(Bridge No. 06000A) consists of a 12-foot left shoulder, three 12-foot travel lanes and a 12-foot right shoulder.

In order to accommodate the two lanes from I-91 and Route 15, it is proposed to modify the existing pavement
markings to provide a 4-foot left shoulder, four 11-foot travel lanes, and a 12-foot right shoulder.

Due to the proximity of a four-lane merge and lane drop at Interchange 90, Route 15 would be widened to three
travel lanes from north of the Charter Oak Bridge to the Silver Lane underpass, and provide a lane-drop prior
to its merge with I-84 EB. The widening addresses congestion concerns on Route 15 and allows a more desirable
distance from Interchange 29 to merge from three travel lanes to two prior to its merge with I-84 EB. This
improvement will require the widening of Bridge No. 06043A (Route 15 over Route 5) and Bridge No. 05796

(Route 15 over Silver Lane).

1.2 VALUE ENGINEERING SCOPE

The Benesch VE Team was asked to
review the As-Given design and its
cost estimates to determine if cost

savings could be identified without
compromising the main purpose (the
Task) of the project.

The scope of the assignment was to perform a VE Study on the
design following the SAVE International model. The Alternatives’
potential cost savings, performance and Stakeholder acceptance
were compared with functions to assure that value was preserved or
enhanced. This process was conducted over a five-day period with a
presentation of the preliminary findings on June 1, 2016.




INTRODUCTION

1.3  VALUE ENGINEERING PROCESS

The study was conducted utilizing value engineering techniques. Value engineering advocates a team-oriented,
systematic approach. This systematic approach is embodied in the VE Job Plan (Figure 1.2). The VE Job Plan
has several phases and imposes a set of rules that must be adhered to for each phase. The rules may appear to be
simple, but they are vital to the success of the value planning process. This section describes the typical VE Job
Plan and explains the rules of the VE Job Plan and the reasoning behind them.

The ultimate goal of a VE Study is to carefully transform the needs and desires for a project into functions. The
VE Team then speculates about ideas for all functions and develops a solution that scores high on performance,
with a reasonable acceptance and cost. At the end, VE efforts result in a solution that satisfies owners, users and
Stakeholders. The VE Team keeps the following three principles in mind when determining value:

1. Every action is required or desired by someone (Stakeholders)

2. Every action has a reason or purpose (Function)

3.The cost of each action must be justified within the limits of constraints (Function Cost)

INFORMATION PHASE
The purpose of the Information Phase is to gain an understanding of the project and the Stakeholders who
will be effected. The information phase can be summarized as follows:

- Review all relevant project information, including description and scope of work

- Identify owners, users and Stakeholders

- Identify needs, desires and constraints of owners, users and Stakeholders

FUNCTION ANALYSIS PHASE
- Using Stakeholder needs, desires and constraints, develop project related functions
- Determine the task, basic function(s) and supporting functions
- Estimate the cost of project elements and each critical function
« Analyze owner and Stakeholder attitudes toward each function

SPECULATION PHASE
The purpose of the Speculation Phase is to identify ideas that will perform the project functions or will
enhance performance or acceptance at a reasonable cost.

The purpose of the Evaluation Phase is to identify the most outstanding Alternatives for further development.
This identification is accomplished through a series of screening processes that sort ideas by comparison

and combination. Using these ideas, Alternatives are developed. These Alternatives are then rated for
performance, acceptance and cost.

DEVELOPMENT PHASE
The purpose of the Development Phase is to add information that facilitates selection of a preferred
Alternative. This is accomplished by comparing the remaining Alternatives. The following rules are considered
during the Development Phase:

« Recognize ideas that may be unique

- Conduct research, as required, to provide additional information

- Analyze weaknesses of selected Alternatives and provide improvements

@ benesch

CTDOT |State Project No. 63-703 | 1-91 NB Interchange 29 Relocation & SR 5/15 NB' W|den|ng to -84 EB | Hartford/East Hartford, CT| 9




VALUE ENGINEERING REPORT

Figure 1.2 depicts the process from needs and desires of Stakeholders to the project solution, using the VE Job
Plan.

Information Phase

Owners Constraints y :
Project Function Develop
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Phase Alternatives
|
Recommend
Alternative

Figure 1.2:VE Job Plan Flow Diagram
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INFORMATION PHASE

2.1 INTRODUCTION

The first step in Value Engineering is to understand the
Purpose and Need of the project: WHAT IS IT?

The question can be answered in two steps: Among the rules that govern the
Information Phase are the following:

1. Identify owners, users, and other Stakeholders. - Do not speculate

2. List their constraints, needs and desires. - Do not judge

- Understand the problem

Prior to the study, the VE Team was provided with design reports, preliminary cost estimates and other
documentation to familiarize themselves with the project. On the first day, the VE Team met with the CTDOT
Project Team. A presentation on the project was provided by CME Associates (the Designers) and questions of the
VE Team were answered. An attendance sheet of those participating in the meeting is included in Appendix A.

The VE Team began the study by determining Owners, Users, and Stakeholders for the project. Constraints, Needs,
and Desires were also defined by the end of Day One of the study.

2.2  DESCRIPTION OF OWNERS, USERS AND STAKEHOLDERS
In general, everyone involved in a project is a Stakeholder. However, during this part of the Information Phase,

they are grouped separately as Owners, Users and Stakeholders, as defined below:

These groupings help the VE Team better understand what the project does and what it should do. In subsequent
sections, the Owners, Users and Stakeholders will be referred to only as Stakeholders.

| |

OWNERS Stakeholders
THOSE WHO: THOSE WHO ARE:

1. Own the project 1. Use the project 1. Financially effected by the

2. Fund the project 2. Operate the project project

3. Share in the funding 3. Maintain the project 2. Environmentally concerned

4. Represent the owner’s interests about the project

5. Manage the project for the 3. Disturbed by a required change

owner in habits or recreation

@ benesch i
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2.3  OWNERS, USERS AND 2.4  DESCRIPTION OF CONSTRAINTS, NEEDS
STAKEHOLDERS AND DESIRES

Each Stakeholder expects something from the project.
Stakeholder expectations were then grouped into constraints,
needs and desires, as defined below:

CONSTRAINTS:

. Legal requirements

. Standards of the owner

. Physical site conditions

. Stakeholder commitments

Now N —

1. Expectations that must be fulfilled if
constraints are not violated

2. Limitations or restrictions that are imposed
by Stakeholders but which can be violated
(the degree of violations will be considered
in the evaluation of Alternatives)

1. Expectations that should be fulfilled if cost
is not a factor

There are several points to keep in mind in identifying

the Stakeholder constraints, needs and desires. First, the
majority of constraints are prescribed by law, applicable
codes and standards. These constraints are too numerous
to be listed for each VE Study. Constraints listed are those
imposed by a Stakeholder or by a code or standard that
applies strictly to this project. Secondly, design criteria are
described as a constraint, need and desire. Lastly, needs
and desires are generally not executable. They are generally
visions of what the project should do.

z | =




2.5

o v W

10.
1.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

@ benesch

INFORMATION PHASE

LIST OF NEEDS, DESIRES AND CONSTRAINTS

Begin Construction - Spring 2018

[-91 NB - Exit 27-29 - Four Lanes

Two lane Exit 29 Ramp

Correct substandard geometry at Exit 29 Ramp
Improve weaving operation on COB

Bridge 813 (Route 15) - Provide 13"-10"Minimum
Vertical Clearance

Bridge 813 (Route 15) - Provide 14"-6" Minimum Vertical
Clearance

Bridge 1466 (15S - 91S Ramp) - Provide 14'-0" Minimum
Vertical Clearance

Bridge 1466 (155 - 91S Ramp) - Provide 14-6" Minimum
Vertical Clearance

Bridge 480 (Airport Road) - Provide 13'-11"Minimum
Vertical Clearance

Bridge 480 (Airport Road) - Provide 14'-6" Minimum
Vertical Clearance

Bridge 6043A (Route 15 over Main St) - Provide 16-10
Min Vert Clearance

Bridge 6043A (Route 15 over Main St) - Provide 14-6"
Min Vert Clearance

Bridge 5796 (Route 15 over Silver Lane) - Provide 15'-8"
Min Vert Clearance

Bridge 5796 (Route 15 over Silver Lane) - Provide 14™-6"
Min Vert Clearance

Bridge 5922 (I-91 NB over Route 15) - Match existing
vertical clearance.

I-91 NB - Provide 12'Lanes

Route 15 - Provide 11'Lanes

Route 15 - Provide 12'Lanes

Exit 29 Ramps - Provide 11'Lanes

Exit 29 Ramps - Provide 12'Lanes

I-91 NB - 10'Right Shoulder

I-91 NB - 12'Right Shoulder

I-91 NB - 6' Left Shoulder

I-91 NB - 12’ Left Shoulder

Route 15 - 4'Right Shoulder

Route 15 - 12'Right Shoulder

Route 15 - 4’Left Shoulder

Route 15 - 12'Left Shoulder

Exit 29 Ramp - 10'Right Shoulder

Exit 29 Ramp - 12'Right Shoulder

Exit 29 Ramp - 6'Left Shoulder

Exit 29 Ramp - 12’ Left Shoulder

34.
35.
36.
37.
38.
39.
40.
41,
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

I-91 NB - 70 MPH Design Speed

I-91 NB - 55 MPH Design Speed

Route 15 - 55 MPH Design Speed

Route 15 - 70 MPH Design Speed

Route 15 Ramps - 55 MPH Design Speed
Route 15 Ramps - 70 MPH Design Speed

No Permanent ROW Takes

Match profile at I-91 Median Barrier

Maintain 45 MPH During Construction

I-91 - Maintain all existing lanes during peak hours.
Route 15 NB - Maintain 2 lanes all times.

Route 15 SB - Maintain 2 lanes all times.

Match profile at COB

Provide 4% Max. Profile Grade on |-91

Provide 4% Max. Profile Grade on Route 15
Provide 4% Max. Profile Grade on Exit 29 Ramp
Maintain Railroad Operating Clearances

Avoid Impacting Capped Landfills

Avoid Impacts to Wetlands

Minimize Impacts to Wetlands

Avoid Impacts to Watercourses

Minimize Impacts to Watercourses

Minimize Impacts to Endangered / Protected Species
Minimize Noise Impacts to Local Residents
Contain Construction Debris

CTDOT [State Project No. 63-703 | 191 NB Interchange 29 Relocation & SR5/15 NBW|den|ng to -84 EB | Hartford/East Hartford, CT| 13






FUNCTION ANALYSIS PHASE

3.1 INTRODUCTION

WHAT DOES IT DO?
WHAT DOES IT COST?

The next step is to answer the question:

This is the key question in the Function Analysis Phase and Among the rules that govern the Function
is developed by: Analysis Phase are the following:
- Functions are expressed in two words; an active
1. Using the constraints, needs and desires of the Verb and descriptive Noun
Stakeholders. - Avoid the description or action of an element as
2. Splitting each element into parts and assigning the functions

reason for the part as functions.

3.2  FUNCTION AND FUNCTION LOGIC DIAGRAM

Function
The VE Team developed a list of functions for the project using the constraints, needs and desires. This involves
the grouping of Stakeholders needs and desires, looking at them from a project perspective and separating general

functions from actions. Functions are carefully defined to express the Team’s understanding of the purpose of the
elements.

Function Logic

The goal of the function logic phase of a VE Workshop is to develop an understanding of what the project must

do (i.e. what functions must the project perform in order to be successful and what functions would it be nice for

the project to perform if constraints are not violated and/or cost is not a factor). Basically, the process involves

grouping the Stakeholder constraints, needs and desires and looking at them from the project’s perspective. The
process separates functions, which are general in nature, from actions,

(( The goal of the Function Logic which are more specific. Later in the VE Process, the VE Team will

Phase of a VE Workshop is to speculate on different ways to accomplish the various Functions.

develop an understanding of

. Functions are classified into task, basic functions and enhancing
what the project must do.

functions. The task represents the reason for the project. The basic
functions represent the minimum that the project must perform in
order to perform the task. However, no project is complete with basic functions alone. They are usually required to
perform enhancing functions, in order to make the project viable.

>, I, L L
@ benesch R
(TDOT |State Project No. 63-703 | 1-91 NB Interchange 29 Relocation & SR 5/15 NB Widening to I-84 EB | Hartford/East Hartford, CT| 15




VALUE ENGINEERING REPORT

The driving force for the project is to Improve Operations, which is the Task of the Project.
Exit 29 has design deficiencies that resulted in high level crashes, long queuing, and delays.
To improve operations, three functions are needed. They are the basic functions: Increase
Ramp Capacity, Increase Charter Oak Bridge (COB) NB Capacity, and Minimize Conflicts.

DEPENDABLE

The corridor is dependable when the following safety-related functions are satisfied:
Protect Structure
- Safeguard Traffic

Protect Workers

In addition, the existing structures should be properly restored to maintain the design
strength (Restore Structural Integrity). Two functions (Exclude Elements and Strengthen
Members) will Restore Structural Integrity.

The next classification is how the project maintains and improves the convenience
of drivers and residents. Even though CTDOT addresses the basic and dependability
functions to the satisfaction of the public, the public feels good only when the

project improvements address the convenient functions. Increase I-91 NB Capacity
and Maintain Traffic (During Construction) are two such functions. In addition, the
function, Meet Expectations (Traffic), will result in assuring convenience to the traffic.
There are four functions that are identified that will result in meeting the expectations
of the traffic. They are Store Vehicles (Shoulder), Guide Traffic, Comfort Traffic and
Minimize Confusion.

o There are functions that are not directly related to the task, Improve Operations.
S LTS However, they are critical to various Stakeholders to give their concurrence to the project
improvements The following functions are desired by various Stakeholders:

Functions Primary Stakeholders

Facilitate Construction - Contractor

Limit Impacts

Minimize ROW Impacts

Reduce Noise - Residents & Public

Preserve Neighborhood

Protect Environment

Protect Utilities « Utility Company

ATTRACT Reduce Maintenance . CTDOT

Stakeholders
There are elements that address Attract Stakeholder functions. They will improve the

function, Improve Aesthetics. This includes wall treatments, Pier shape, Parapet Types
and Noise Wall Finishes.

Value is defined as fulfilling the project functions that are needed to make the project
work and sell. Basic and Assure Dependability functions make it work, while Assure
Convenience, Satisfy Stakeholders and Attract Stakeholder function to help to sell/accept
the project. Further explanation of the functions are covered as part of the explanation of
allocating cost to each function. Figure 3.1 is a Function-Logic Diagram, which shows the
relationship of the Task, Basic, and Enhancing Functions. This diagram is the basis for the
value engineering process.
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Figure 3.1: Function Logic Diagram
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33 ESTIMATED COMPARATIVE COST

Figure 3.2 is a summary of the cost estimate received from the Design Team.

[CoE Premc firbar. . E3omec 1A e : e
STATE OF CONNECSTICUT P 1ald
DEPARTMENT OF TRANSFORTATION
COST ESTIMATE
PRELIMIMARY DEEIGN SUBMISSI0ON
Prpgeat Titke Fesboucdiont o 184 ME inassiance 29 ond Wideaieg of |81 ool Picaits 15 BB L0 B2 ol fa Prigio: Rl ande S50 RS
NS UREG I Ly B i Towe o B Haioe Stme Frogec Mamber; NEET |
Projech Limbr  Siwtion S0 00 i TRl <50 iy Tovre """""":'
Pl Coat Ralaaty e
— — —
STHUGTURE TOT8L | § BTN
ROA[FARY TOTAL | § Lerd e )
TRAFFIC TOTAL | § FETEC
HOASE BAFFIER WALL [STRUCTUSE|EST. | & RN ]
BETOTAL | § F-EN =
R DHVEMTAL TOTEL | § ErTTT ]
TOTALITERS = | § LR PR ]
_h.ln'\h-\. S [ e g '\.._i'lnl b Tedal Bwres Casl ﬂr.
£aa FALICAMIN AR LR R e DF TOTAL oM | LR L0 |8 mEzmIWa F2man
07 i P oOF TRAFFIC: P OF TOTAL TRME| LE a4 | §  EHER S A
L 5T WOQILZATION AMD FROEDT CLOGEOUT % OF TOTAL MEMS)| LE % |F RS E o R |
DRI A | GOMSTRLCTION ETARRG % OF TOTAL MEUE| LE 1% | TMARTHEIE Sl.a-l:l.!?'l
i TR = ERLRE-F ]
AR0E 1T b (RARED Gl 5 OF TOTAL ITEME « L S 6 Mgk, 2% | m.ﬂi

BASE EETRAETTE « TOTML ITEWE o« LUMP B8 TEME « W HOR TS
H&SE ESTIVMATE = LAl AT

TRCIDEHTALE % OF FRELMA CORIT. EDHTII E'ﬂ- FIEAITT
CORTINGEMCIES [ OF FRELIA, GORET, GOaT) | % LELEMT
RCIDER TALS & COH TINGEHCIES & [k ]
UTLITY (OIS TRULCTION | ow k=5l §3fmasiE| § [.ELoE o
PAILCA D [ROMITRUETION| 5 B=3E ERTRAETE| § LRI
AFATE PO, ISR COoRTE| | WHL BED
TOMMCITY FOLICE COSTS | § il ]
oL PR AT I RO 3 T8 FESHE Jrore g lrmple dele o redpeen] of cormrer e = Subiolel ' 0 0505 IHELATICN = AT,
TOTAL FACLMIEARY OESGH PRILECT COST = FETRITAA
| sarv: $276,200,000|
By (1R [FETS 1 RIEH
i ke s [ NS0

Figure 3.2 Summary of Cost Estimate (As Given)
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Figure 3.4 Summary of Cost Estimate (Roadway Items)
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FUNCTION ANALYSIS

3.4  ASGIVEN FUNCTION COST

The Comparative Construction cost of $276 million is allocated to the Basic Function of
Decreasing Exit 29 Ramp Capacity (19.8%), Minimizing Conflicts (3.1%), and Increasing
the COB Northbound (NB) Capacity (2.8%).

3.5 FUNCTION ANALYSIS

Basic functions and dependability functions together should be above the 50% threshold.
The project function cost shows this percentage as 60.5%. Due to the complex geometry,
protecting the structures, including bridges and pavements, is the key function. Function
cost for Protect Structure was found to be 13.2%. Even though the improvement will make
it convenient to use, the purpose of the improvements is to make it dependable first. This is
reflected in the higher percentage of Dependability functions (34.8%) and lower percentage
of convenient functions (12.7%). Figure 3.7 shows the function cost distribution.

Functions Cost Percentage Norm
Basic Functions $71,007,100 | 25.7% 20%
Enhancing Functions
Assure Dependability $96,015,000 34.8% 30%
Assure Convenience $35,213,000 12.7% 25%
Satisfy Stakeholders $71,914,000 26.0% 15%
Attract Stakeholders $ 2,006,000 0.8% 10%

Figure 3.7: Function Cost Distribution
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VALUE ENGINEERING REPORT

Basic Functions
TASK Cost
Improve Operations Increase Exit 29| Minimize Increase COB | Increase Route I
) ) ) . | Reduce Delays
Ramp Capacity Conflicts NB Capacity |15 NB Capacity
Structures
Removal Of Bridges S 2,143,000
Rehab 02555 - Tunnel S 224,000
Rehab 03244 - Culvert S 119,000
Rehab 00813 - Route 5/15 S 8,890,000
Rehab 03613 - Culvert S 16,900
Rehab 01466 - Entrance To 1-91 NB S 4,433,000
Rehab 00480 - Airport Road S 3,064,000
Rehab 06000A - COB NB S 20,079,000 $7,851,350 $905,925 $2,415,800 $905,925
Rehab 060008 - COB SB S 2,229,000
Rehab 06043A - Main St NB S 1,992,762 $1,693,848|
Rehab 06043B - Main St SB S 453,080
Rehab 05796 - Silver Lane S 2,469,696 $2,099,242
Proposed Bridge - Exit 29 S 18,226,000 $9,113,000 $3,645,200| $2,733,900|
Ret Wall 101 - Exit 27 S 1,360,000
Ret Wall 102 - Entombed Material S 1,318,000
Ret Wall 103 - New Exit 29 Near Approach S 10,546,000 $6,327,600|
Ret Wall 104 - New Exit 29 Far Approach S 7,309,000 $4,385,400
Ret Wall 105 - 1-91 Nb & Route 5/15 Nb S 4,499,000
Ret Wall 106 - Main St - Residential S 1,934,000
Ret Wall 107 - Wall - Silver Lane - East S 1,578,000
Reinforced Soil Slope S 1,187,000
Roadway
Earth Excavation S 1,116,000 $167,400 $167,400 $167,400
Test Pit S 130,000 $19,500 $19,500 $19,500
Pavement S 536,880 $80,532 $80,532 $80,532
Formation Of Subgrade S 222,000 $33,300 $33,300 $33,300
Temporary Slope Protection S 21,000
Processed Aggregate Base S 6,500 $975 $975 $975
PMA S 9,812,300 $1,471,845 $1,471,845 $1,471,845
Sedimentation Control System S 1,060,000
Catch Basin S 572,000
High Early Strength Concrete S 1,300,000
Bituminous Concrete Lip Curbing S 66,000
Precast Concrete Barrier Curb ("F" Shape - Single Face) S 1,100,000
Metal Beam Rail S 511,500
Calcium Chloride For Dust Control S 30,800
Construction Field Office, Extra Large S 384,000
Light Standard S 154,500
Traffic
Temporary Signalization (Site No. 1) S 7,000
4 Chord Truss Bridge Sign Structure S 4,109,000
Hot-Applied Painted Pavement S 17,697
Construction Signs - Bright Fluorescent Sheeting S 25,500
Noise Barrier S 3,960,000
Environmental S 4,046,000
IMS S 763,000
Clearing And Grubbing S 1,240,221
MPT S 7,441,327
Construction Staking S 1,240,221
Mobilization S 6,201,106
Utilities S 8,410,000
Subtotal| $ 148,554,990 $29,450,902 $4,551,125 $4,189,352 $5,566,641 $3,639,825
19.8% 3.1% 2.8% 3.7% 2.5%
$38,191,379
25.7%
Total Construction Costs| $ 276,200,000 $54,756,418 $8,461,653 $7,789,028 $10,349,745 $6,767,323
19.8% 3.1% 2.8% 3.7% 2.5%
$71,007,099
25.7%
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FUNCTION ANALYSIS

Assure Dependability
Protect Structure Restore Structural Integrity
Maintain Maintain Protect Safeguard Minimize Risk Separate
Vertical Horizontal Workers Traffic (Clearance) Exclude Strengthen Traffic
Elements Members
Clearance | Clearance
$224,000
$119,000
$6,000,000 $1,890,000
$3,000,000 $900,000
$2,000,000 $650,000
$2,500,000 $5,500,000
$1,114,500 $1,114,500
$453,080
$1,822,600
$2,109,200 $2,109,200
$1,461,800 $1,461,800
$899,800
$167,400
$19,500
$80,532
$33,300
$975
$1,471,845
$550,000 $550,000
$511,500
$1,860,332 $1,860,332
$19,538,380 $1,860,332 $2,921,832 $1,773,552 $10,397,500 $5,943,600
13.2% 1.3% 2.0% 1.2% 7.0% 4.0%
$51,641,662
34.8%
$36,326,619 $3,458,811 $5,432,399 $3,297,466) $19,331,491 $11,050,604]
13.2% 1.3% 2.0% 1.2% 7.0% 4.0%
$96,014,459
34.8%
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VALUE ENGINEERING REPORT

Assure Convenience

TASK Cost Meet Expectations o
Improve Operations Increase 1-91 . . Maintain
NB Capacity | Store Vehicles Guide Traffic |Comfort Traffic Mmlm!ze Traffic (DC)
(Shoulder) Confusion
Structures
Removal Of Bridges S 2,143,000
Rehab 02555 - Tunnel S 224,000
Rehab 03244 - Culvert S 119,000
Rehab 00813 - Route 5/15 S 8,890,000 $850,000] $150,000
Rehab 03613 - Culvert $ 16,900 $16,900
Rehab 01466 - Entrance To I-91 NB S 4,433,000 $458,000] $75,000
Rehab 00480 - Airport Road S 3,064,000 $364,000 $50,000
Rehab 06000A - COB NB S 20,079,000
Rehab 060008 - COB SB S 2,229,000
Rehab 06043A - Main St NB 3 1,992,762 $298,914)
Rehab 06043B - Main St SB S 453,080
Rehab 05796 - Silver Lane 3 2,469,696 $370,454)
Proposed Bridge - Exit 29 S 18,226,000 $911,300
Ret Wall 101 - Exit 27 S 1,360,000
Ret Wall 102 - Entombed Material S 1,318,000
Ret Wall 103 - New Exit 29 Near Approach S 10,546,000
Ret Wall 104 - New Exit 29 Far Approach $ 7,309,000
Ret Wall 105 - 1-91 Nb & Route 5/15 Nk S 4,499,000 $1,799,600
Ret Wall 106 - Main St - Residential $ 1,934,000
Ret Wall 107 - Wall - Silver Lane - East S 1,578,000
Reinforced Soil Slope S 1,187,000
Roadway
Earth Excavation S 1,116,000 $167,400 $167,400 $111,600]
Test Pit S 130,000 $19,500 $19,500 $13,000]
Pavement S 536,880 $80,532 $80,532 $53,688)
Formation Of Subgrade S 222,000 $33,300 $33,300 $22,200
Temporary Slope Protection S 21,000 $10,500
Processed Aggregate Base S 6,500 $975] $975| S650)
PMA S 9,812,300 $1,471,845) $1,471,845 $981,230)
Sedimentation Control System S 1,060,000
Catch Basin S 572,000
High Early Strength Concrete S 1,300,000 $1,300,000
Bituminous Concrete Lip Curbing S 66,000
Precast Concrete Barrier Curb ("F" Shape - Single Face) S 1,100,000
Metal Beam Rail S 511,500
Calcium Chloride For Dust Control S 30,800
Construction Field Office, Extra Large S 384,000
Light Standard S 154,500 $154,500
Traffic
Temporary Signalization (Site No. 1) S 7,000
4 Chord Truss Bridge Sign Structure S 4,109,000 $2,054,500 $2,054,500)
Hot-Applied Painted Pavement S 17,697 $8,849 $8,849
Construction Signs - Bright Fluorescent Sheeting S 25,500 $12,750
Noise Barrier S 3,960,000
Environmental S 4,046,000
IMS $ 763,000 $763,000
Clearing And Grubbing S 1,240,221
MPT S 7,441,327 $1,860,332
Construction Staking S 1,240,221
Mobilization 3 6,201,106
Utilities 3 8,410,000
Subtotal | $ 148,554,990 $3,462,452] $3,629,221 $2,980,849 $1,182,368 $2,063,349 $4,983,182
2.3% 2.4% 2.0% 0.8% 1.4% 3.4%
$18,939,419
12.7%
Total Construction Costs| $ 276,200,000 $6,437,544] $6,747,607] $5,542,125] $2,198,311] 53,836,269 $9,264,952
2.3% | 2.4% | 2.0% | 0.8% | 1.4% | 3.4%
$35,213,005
12.7%
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FUNCTION ANALYSIS

Satisfy Stakeholders (IR
Stakeholders
Limit Impacts
Facilitate Contain Preserve Protect Reduce Improve
Drain Wat; inimi Protect Utilities|Reduce Liabilit
rain Water 1 construction |Minimize ROW Reduce Noise | Contaminants | Neighborhood | Environment rotect Utflities) Reduce LaMY| Maintenance Aethetics
Impact
$707,190] $728,620) $707,190)
$680,000] $680,000)
$434,940) $448,120) $434,940)
$1,799,600
$967,000] $967,000]
$789,000] $789,000]
$593,500) $593,500)
$10,500]
$1,060,000|
$572,000)
$66,000]
$30,800)
$384,000]
$7,000]
$12,750)
$1,782,000 $1,782,000 $396,000)
$4,046,000
$1,240,221
$1,860,332
$1,240,221
$6,201,106
$8,410,000
$638,000]  $12,755,730 $3,464,440 $1,782,000 $448,120) $3,538,000 $6,845,240 $8,410,000 $707,190] $728,620) $1,103,190
0.4% 8.6% 2.3% 1.2% 0.3% 2.4% 4.6% 5.7% 0.5% 0.5% 0.7%
$38,679,340 $1,103,190
26.0% 0.7%
$1,186,198]  $23,716,016] $6,441,240] $3,313,173] $833,165] $6,578,006]  $12,726,973] 515,636,244 $1,314,839 $1,354,682] $2,051,100}
0.4% 8.6% | 23% | 1.2% | 0.3% | 24% | 4.6% | 5.7% | 0.5% | 0.5% 0.7%
$71,914,337 $2,051,100
26.0% 0.7%
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SPECULATION PHASE

4.1 INTRODUCTION

Following the function and cost analysis, the WHAT ELSE WILL
next step is to answer the question: DO THE JOB?

Among the rules that govern the Speculation

This is the key question in the Speculation Phase and

may be carried out in at least three ways: Phase of a VE Study are the following:
- Criticismis ruled out
1.Random 2.By function  3.By project element - Quantity is wanted

- Combinations and improvements are sought

Below is a list of the ideas generated by the VE Team during the Speculation Phase.

: Add 4th Lane to 1-91 (Exit 27-29) 14 Exit 29 - Replace Existing Bridge and Widen to 2

Lanes
2 Maintain 3 Lane [-91 (Exit 27-29) 15 Exit 29 - Eliminate
3 Exit 29 - 2 Lane Left Diverge 16 Exit 29 - Lengthen Deceleration and Separate With
Median Barrier
4 Left Merge From I-91 NB to Route 5/15 17 Exit 29 - Lengthen Deceleration Lane
5 Exit 29 - 12" Left Shoulder 18  Exit 29 - No Build Configuration
6 Exit 29 - 12' Right Shoulder 19 Exit 29 - Left Exit With 1 Lane
7 Exit 29-12' Lanes 20 Exit 29 - 4' Left Shoulder
8 Remove Existing Exit 29 Structure 21 Exit 29-11' Lanes
9 Shift I-91 Exit 29 to Left 22 Exit29-10' Right Shoulder
10 Remove Existing Exit 29 Structure 23 EXit 29 - 4 Left Shoulder, 11" Lanes, 10° Right
Shoulder
Exit 29 - 12" Left Shoulder, 112" Lanes, 12" Right Exit 29 - 4' Left Shoulder, 12" Lanes, 10' Right
11 24
Shoulder Shoulder
12 Exit 29 - Widen Existing Ramp to 2 Lanes 25  Exit 29 - Move Diverge Point Further South
13 Exit 29 - Widen Existing Bridge 26 Do Nothing

@ benesch
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27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Proposed Exit 29 Bridge - Lengthen to Eliminate
Retaining Walls T03A/B
Proposed Exit 29 Bridge - Lengthen to Eliminate
Retaining Walls 104A/B

Proposed Exit 29 Bridge - Lengthen South Approach

Proposed Exit 29 Bridge - Lengthen North Approach

Proposed Exit 29 Bridge - Reuse Existing Exit 29
Superstructure

Reuse Existing Exit 29 Superstructure on One Bridge
Widening

Proposed Exit 29 Bridge - Use Plate Girder
Proposed Exit 29 Bridge - Use Box Girder

Exit 29 Bridge - 5-Span Structure

Exit 29 Bridge - Solid Pier

Exit 29 Bridge - Pier 3 - Cantilever Pier

Exit 29 Bridge - Pier 3 - 2 Columns With A Cantilever
Exit 29 Bridge - All Piers Skewed

Exit 29 Bridge - Some Piers Skewed

Exit 29 Bridge - Truss Structure

Exit 29 Bridge - Through Girder Structure

Exit 29 Bridge - Multiple Span With Shorter End
Spans

Exit 29 Bridge - 2-Span Structure

Exit 29 Bridge - 3-Span Structure With Retaining
Walls at Fach End

Exit 29 Bridge - Single Circular Pier With A
Trapezoidal Cap

Exit 29 Bridge - Re-purpose Existing For Non-
Motorized Modes Of Travel

Increase Weave Length on COB

COB - Reconfigure to 4-11" Lanes, 12' Outside
Shoulder

COB - Widen to Accommodate 2-Lane Exit 29

COB - Widen to Accommodate 4-12' Lanes

COB - 2' Inside Shoulder, 4-12' Lanes, 10' Outside
Shoulder

COB - 4' Inside Shoulder, Lanes, 11'/12'/12'/11 10
Outside Shoulder

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

Eliminate Route 2 / Main St Ramp
Relocate Route 2 / Main St Ramp
Eliminate Route 2 Ramp

Modular Retaining Walls
Cantilevered Retaining Walls

MSE Walls

Reinforced Concrete Gravity Walls
Soil Nail Wall

Precast Retaining Walls

Extend Bridge 2555

Extend Bridge 3244

Extend Bridges 2555 and 3244 and Eliminate
Reinforced Slopes

Extend Bridge 2555 and Eliminate Reinforced Slopes
Extend Bridge 3244 and Eliminate Reinforced Slopes
Eliminate Rw 102 and Fill Over Entombed Area
Eliminate Reinforced Slopes

Retaining Wall 101 - Eliminate and Fill

Reinforced Slopes - Use With Retaining Wall Fills

Use Geofoam Fill

Improve Capacity on Putnam Bridge

Consistent Left Shoulders Along 1-91

Consistent Right Shoulders Along I-91

Consistent Left Shoulders Along Route 5/15

Consistent Right Shoulders Along Route 5/15
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78

79

80

81

82

83

84

85

86

87

88

89

90
91
92

93

94

95

96

97

98

99

100

101

102

103
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Consistent Left Shoulders Along 1-91 and Along
Route 5/15

Consistent Right Shoulders Along I-91 and Along
Route 5/15

Lower |-91 SB to Route 5/15 SB Roadway under |-91
Lower Airport Road under -91

Lower Airport Road under -91
Replace Bridge 813

Replace Bridge 1466
Replace Bridge 480

Bridge 480 - Widen Bridges With Shallower Section

Bridge 480 - Eliminate Joints By Building Continuous
Structures

Bridge 1466 - Eliminate Joints By Building
Continuous Structures

Bridge 813 - Eliminate Joints By Building Continuous
Structures

Make Existing Beams Continuous
Eliminate Joints

Maintain Airport Road Existing Vertical Clearance

Maintain Airport Road Existing Vertical Profile

Maintain Route 5/15 Existing Vertical Clearance
under [-91

Maintain Route 5/15 Existing Vertical Profile under
I-91

Maintain I-91 SB to Route 5/15 SB Existing Vertical
Clearance under I-91

Maintain I-91 SB to Route 5/15 SB Existing Vertical
Profile under 191

Do Not Replace Bridge 5922

Replace Bridge 5922 With A Longer Span

Realign Route 5/15 under Reconstructed Bridge
5922

CTDOT Alternate 4 - Left Diverge at -91 NB
CTDOT Alternate 6C

CTDOT Alternate 6D

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

Build A Parallel Structure to Route 5/15 From 1-91 to
-84

Build Route 5/15 Over I-91 - Flyover

Reconstruct I-91 at Route 5/15 at Grade

Exit 29 - Direct Connection From 1-91 to -84
Realign Route 5/15 Exit 89

Lower Route 5/15 under -91

Route 5/15 - Add 3Rd Lane (COB - Silver Lane)
Left Merge From I-91 NB to Route 5/15

Shift Railroad East

Shift Railroad East and Move Diverge Point For Exit
29 Further South

[-91 NB Exit 28 - Eliminate

I-91 NB - Full Depth Reconstruction

Reconstruct Airport Road under Bridge 480 to
Match Existing Vertical Clearance

Reconstruct I-91 SB to Route 5/15 SB under Bridge
1466 to Match Existing Vertical Clearance
Reconstruct Route 5/15 under Bridge 813 to Match
Existing Vertical Clearance

Route 5/15 - Shorten 3-Lane Section to Avoid Silver
Lane Bridge

Route 5/15 - Begin 3-Lane Section Drop Further
South to Stop Short Of Silver Lane Bridge

Move I-91 NB to The East and Relocate Route 5/15
to The West

Route 5/15 - End 3-Lane Section With 3Rd Lane
Exiting on Exit 91

Route 5/15 - Eliminate Main Street on Ramp (Exit 90)

Route 5/15 End 3-Lane Section With 3Rd Lane
Exiting on Exit 91 and Eliminate Exit 20

MPT - 1-91 - Existing Lanes Open During Peak Hours

MPT - Route 5/15 - Existing Lanes Open During Peak
Hours

MPT - Airport Road - Existing Lanes Open During
Peak Hours

MPT - 1-91 Exit 28 - Detour

MPT - Airport Road - Lower Road Before I-91
Construction
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130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

MPT - Route 5/15 - Lower Road Before |-91
Construction

MPT - 1-91 SB to Route 5/15 SB - Lower Road Before
I-91 Construction

MPT - 1-91 SB to Route 5/15 SB - 1/2 Width
Reconstruction

MPT -VMS on I-91 South Of Route 3 Directing Traffic
to Take Alternate Routes

MPT - Exit 29 Bridge - Abc
MPT - Airport Road - Detour
MPT -1-91 NB - Detour

MPT - Route 5/15 NB - Detour

MPT -1-91 SB to Route 5/15 SB - Detour

MPT - 1-91 NB - Close Existing Right Through Lane
During Construction

MPT - Airport Road - 1/2 Width Reconstruction
MPT -1-91 NB - 1/2 Width Reconstruction
MPT - Route 5/15 NB - 1/2 Width Reconstruction

MPT - I-91 Exit 28 - Stage Construction

MPT - Airport Road - Lower Road After 1-91
Construction

MPT - Route 5/15 - Lower Road After |-91
Construction

MPT - 1-91 SB to Route 5/15 SB - Lower Road After
I-91 Construction

Relocate Noise Walls on Route 5/15 NB (Main St -
Silver Lane)

Add Noise Walls on Route 5/15 SB (Main St - Silver
Lane)

Relocate Noise Walls on Route 5/15 NB (Main St -
Silver Lane)

Add Noise Walls on Route 5/15 SB (Main St - Silver
Lane)

Route 5/15 SB - Eliminate Reconstructing Sound
Barriers

Route 5/15 SB - Eliminate Constructing New Sound
Barriers

Route 5/15 SB - Eliminate Reconstructing Sound
Barriers and Construction on New Barriers

Route 5/15 NB - Eliminate Reconstructing Sound

Barriers
Route 5/15 - Shorten 3-Lane Section to Avoid Silver

Lane Bridge and Eliminate Reconstructing Sound
Barriers

156

157

158

159

160

Route 5/15 - Begin 3-Lane Section Drop Further
South to Stop Short Of Silver Lane Bridge and
Eliminate Reconstructing Sound Barriers

Route 5/15 - End 3-Lane Section With 3Rd Lane
Exiting on Exit 91 and Eliminate Reconstructing
Sound Barriers

Reuse Existing Sound Barriers

Add Aesthetic Treatments on Sound Barrier

Reuse Existing Sound Barriers Add Aesthetic
Treatments on Sound Barrier
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EVALUATION PHASE

5.1 INTRODUCTION

WILL IT WORK?
WILL IT BE ACCEPTABLE?
CAN WE AFFORD IT?

Evaluate the performance, acceptance and

cost of the Alternatives:

Fvelaie e e Among the rules that govern the Evaluation
Phase are the following:
1. As simple as judging with advantages and limitations. - Do not speculate
2. A detailed matrix rating for performance acceptance - Do not jump to conclusions
and cost. In addition, measuring the sensitivity of the + Prepare to explain the conclusion

above ratings.

The objective of the Evaluation Phase is to identify the most
outstanding Alternatives for further development. This is
accomplished through a process of screening and ranking.

R2  Not Feasible Alternatives are developed using the ideas generated during the
Speculation Phase and evaluated by comparison with the Base Plan
Design.

REJECTION REASONING
R1  Violates Constraints

R3  Too Expensive
R4  Low Acceptance
R5  High Cost, Low Benefit

5.2  SCREENING

Ideas generated during the Speculation Phase were not subject
R6  High Risk Solution to criticism. This is done to promote free thinking. The next step

is initial screening. At this time, each idea is reviewed and either
selected for further consideration or rejected. In addition, ideas that
R8  No Significant Benefit violate project constraints are eliminated. Listed in Figure 5.1 are
RO Not Applicable reasons for rejection. Below are the results of the screening process.

R7  Lack of Supporting Information

Figure 5.1: Reasons for Rejection

IDEA COMMENTS

1 Add 4th Lane to I-91 (Exit 27-29) AG
2 Maintain 3 Lane I-91 (Exit 27-29) S
3 Exit29-2 Lane Left Diverge AG
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IDEA COMMENTS

4 Left Merge From I-91 NB to Route 5/15 AG
5 Exit29-12' Left Shoulder AG
6 Exit 29 - 12' Right Shoulder AG
7/ Exit29-12'Lanes AG
8  Remove Existing Exit 29 Structure AG
9 Shift1-91 Exit 29 to Left AG
10 Remove Existing Exit 29 Structure AG
1T Exit 29 - 12' Left Shoulder, 112" Lanes, 12' Right Shoulder AG
12 Exit 29 - Widen Existing Ramp to 2 Lanes S
13 Exit 29 - Widen Existing Bridge S
14 Exit 29 - Replace Existing Bridge and Widen to 2 Lanes S
15 Exit 29 - Eliminate R4
16 Exit 29 - Lengthen Deceleration and Separate With Median Barrier S
17 Exit 29 - Lengthen Deceleration Lane S
18 Exit 29 - No Build Configuration R4
19 Exit 29 - Left Exit With 1 Lane R5
20 Exit 29 - 4' Left Shoulder S
21 Exit29-11"Lanes S
22 Exit 29 - 10' Right Shoulder S
23 Exit 29 - 4' Left Shoulder, 11" Lanes, 10' Right Shoulder S
24 Exit 29 - 4' Left Shoulder, 12" Lanes, 10' Right Shoulder S
25 Exit 29 - Move Diverge Point Further South S
26 Do Nothing R4
27 Proposed Exit 29 Bridge - Lengthen to Eliminate Retaining Walls 103A/B S
28 Proposed Exit 29 Bridge - Lengthen to Eliminate Retaining Walls 104A/B S
29 Proposed Exit 29 Bridge - Lengthen South Approach S
30 Proposed Exit 29 Bridge - Lengthen North Approach S
31 Proposed Exit 29 Bridge - Reuse Existing Exit 29 Superstructure R8
32 Reuse Existing Exit 29 Superstructure on One Bridge Widening RS
33 Proposed Exit 29 Bridge - Use Plate Girder S
34 Proposed Exit 29 Bridge - Use Box Girder AG
35 Exit 29 Bridge - 5-Span Structure AG
36 Exit 29 Bridge - Solid Pier AG
37 Exit 29 Bridge - Pier 3 - Cantilever Pier S
38 Exit 29 Bridge - Pier 3 - 2 Columns With A Cantilever S
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EVALUATION PHASE

IDEA COMMENTS

39 Exit 29 Bridge - All Piers Skewed S
40 Exit 29 Bridge - Some Piers Skewed S
41 Exit 29 Bridge - Truss Structure S
42 Exit 29 Bridge - Through Girder Structure R4
43 Exit 29 Bridge - Multiple Span With Shorter End Spans S
44 Exit 29 Bridge - 2-Span Structure S
45 Exit 29 Bridge - 3-Span Structure With Retaining Walls at Each End S
46 Exit 29 Bridge - Single Circular Pier With A Trapezoidal Cap S
47 Exit 29 Bridge - Re-purpose Existing For Non-Motorized Modes Of Travel R2
48  Increase Weave Length on COB AG
49 COB - Reconfigure to 4-11' Lanes, 12" Outside Shoulder AG
50 COB -Widen to Accommodate 2-Lane Exit 29 S
51 COB-Widen to Accommodate 4-12' Lanes R5
52 COB-2'Inside Shoulder, 4-12' Lanes, 10' Outside Shoulder R1
53 COB-4'Inside Shoulder, Lanes-11'/12'/12'/11" 10" Outside Shoulder S
54 Eliminate Route 2 / Main St Ramp S
55 Relocate Route 2 / Main St Ramp S
56 Eliminate Route 2 Ramp S
57 Modular Retaining Walls AG
58  Cantilevered Retaining Walls AG
59 MSE Walls AG
60  Reinforced Concrete Gravity Walls AG
61 Soil Nail Wall S
62 Precast Retaining Walls S
63 Extend Bridge 2555 R1
64 Extend Bridge 3244 R1
65  Extend Bridges 2555 and 3244 and Eliminate Reinforced Slopes R1
66 Extend Bridge 2555 and Eliminate Reinforced Slopes R1
67  Extend Bridge 3244 and Eliminate Reinforced Slopes R1
68  Eliminate Rw 102 and Fill Over Entombed Area R1
69  Eliminate Reinforced Slopes R1
70 Retaining Wall 101 - Eliminate and Fill R1
/1 Reinforced Slopes - Use With Retaining Wall Fills R5
72 Use Geofoam Fill S
73 Improve Capacity on Putnam Bridge R5
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IDEA COMMENTS

74 Consistent Left Shoulders Along I-91 S

75 Consistent Right Shoulders Along 1-91

76 Consistent Left Shoulders Along Route 5/15 S
/7 Consistent Right Shoulders Along Route 5/15 S
78  Consistent Left Shoulders Along I-91 and Along Route 5/15 S
79 Consistent Right Shoulders Along I-91 and Along Route 5/15 S
80  Lower 91 SBto Route 5/15 SB Roadway under -91 AG
81  Lower Airport Road under 1-91 AG
82 Lower Airport Road under 1-91 AG
83 Replace Bridge 813 R7
84 Replace Bridge 1466 R7
85  Replace Bridge 480 R7
86 Bridge 480 - Widen Bridges With Shallower Section S
87 Bridge 480 - Eliminate Joints By Building Continuous Structures S
88  Bridge 1466 - Eliminate Joints By Building Continuous Structures S
89  Bridge 813 - Eliminate Joints By Building Continuous Structures S
90  Make Existing Beams Continuous S
91  Eliminate Joints S
92 Maintain Airport Road Existing Vertical Clearance S
93 Maintain Airport Road Existing Vertical Profile R1
94 Maintain Route 5/15 Existing Vertical Clearance under |-91 S
95 Maintain Route 5/15 Existing Vertical Profile under I-91 R1
96 Maintain I-91 SB to Route 5/15 SB Existing Vertical Clearance under 1-91 S
97 Maintain I-91 SB to Route 5/15 SB Existing Vertical Profile under 1-91 R1
98 Do Not Replace Bridge 5922 AG
99  Replace Bridge 5922 With A Longer Span S
100 Realign Route 5/15 under Reconstructed Bridge 5922 S
101 CTDOT Alternate 4 - Left Diverge at I-91 NB S
102 CTDOT Alternate 6C S
103 CTDOT Alternate 6D S
104 Build A Parallel Structure to Route 5/15 From I-91 to -84 R3
105 Build Route 5/15 Over 1-91 - Flyover R5
106 Reconstruct I-91 at Route 5/15 at Grade R5
107 Exit 29 - Direct Connection From I-91 to |-84 R3
108  Realign Route 5/15 Exit 89 AG
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EVALUATION PHASE

IDEA COMMENTS

109 Lower Route 5/15 under -91 AG
110 Route 5/15 - Add 3rd Lane (COB - Silver Lane) AG
111 Left Merge From I-91 NB to Route 5/15 AG
112 Shift Railroad East S
113 Shift Railroad East and Move Diverge Point For Exit 29 Further South S
114 1-91 NB Exit 28 - Eliminate R4
115 1-91 NB - Full Depth Reconstruction R5
116 Reconstruct Airport Road under Bridge 480 to Match Existing Vertical Clearance R7
117 Reconstruct I-91 5B to Route 5/15 SB under Bridge 1466 to Match Existing Vertical R7
Clearance
118 Reconstruct Route 5/15 under Bridge 813 to Match Existing Vertical Clearance R7
119 Route 5/15 - Shorten 3-Lane Section to Avoid Silver Lane Bridge S
120 unte 5/15 - Begin 3-Lane Section Drop Further South to Stop Short Of Silver Lane S
Bridge

121 Move I-91 NB to The East and Relocate Route 5/15 to The West R5
122 Route 5/15 - End 3-Lane Section With 3Rd Lane Exiting on Exit 91 S
123 Route 5/15 - Eliminate Main Street on Ramp (Exit 90) S
124" Route 5/15 End 3-Lane Section With 3Rd Lane Exiting on Exit 91 and Eliminate Exit 20 S
125 MPT - I-91 - Existing Lanes Open During Peak Hours AG
126 MPT - Route 5/15 - Existing Lanes Open During Peak Hours AG
127 MPT - Airport Road - Existing Lanes Open During Peak Hours AG
128 MPT - I-91 Exit 28 - Detour AG
129 MPT - Airport Road - Lower Road Before I-91 Construction AG
130 MPT - Route 5/15 - Lower Road Before 1-91 Construction AG
131 MPT - 1-91 SB to Route 5/15 SB - Lower Road Before I-91 Construction AG
132 MPT - 1-91 SB to Route 5/15 SB - 1/2 Width Reconstruction AG
133 MPT -VMS on 1-91 South Of Route 3 Directing Traffic to Take Alternate Routes S
134 MPT - Exit 29 Bridge - Abc R5
135 MPT - Airport Road - Detour R1
136 MPT - 1-91 NB - Detour R1
137 MPT - Route 5/15 NB - Detour R1
138 MPT - -91 SB to Route 5/15 SB - Detour R1
139 MPT - 1-91 NB - Close Existing Right Through Lane During Construction R4
140 MPT - Airport Road - 1/2 Width Reconstruction R2
141 MPT - 1-91 NB - 1/2 Width Reconstruction R2
142 MPT - Route 5/15 NB - 1/2 Width Reconstruction R2
143 MPT - I-91 Exit 28 - Stage Construction R5
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IDEA COMMENTS

144 MPT - Airport Road - Lower Road After I-91 Construction R1
145 MPT - Route 5/15 - Lower Road After I-91 Construction R1
146 MPT - 1-91 SB to Route 5/15 SB - Lower Road After I-91 Construction R1
147 Relocate Noise Walls on Route 5/15 NB (Main St - Silver Lane) AG
148  Add Noise Walls on Route 5/15 SB (Main St - Silver Lane) AG
149 Relocate Noise Walls on Route 5/15 NB (Main St - Silver Lane) AG
150 Add Noise Walls on Route 5/15 SB (Main St - Silver Lane) AG
151 Route 5/15 SB - Eliminate Reconstructing Sound Barriers R4
152 Route 5/15 SB - Eliminate Constructing New Sound Barriers R4
153 Route 5/15 SB - Eliminate Reconstructing Sound Barriers and Construction on New R4
Barriers
154 Route 5/15 NB - Eliminate Reconstructing Sound Barriers R4
155 Route 5/15 iShorten 3—Lan§ Section to Avoid Silver Lane Bridge and Eliminate R4
Reconstructing Sound Barriers
156 Route 5/15 - Begin 3-Lane Section Drop Further South to Stop Short Of Silver Lane R4
Bridge and Eliminate Reconstructing Sound Barriers
157" Route 5/15 - End 3-Lane Seption With 3Rd Lane Exiting on Exit 91 and Eliminate R4
Reconstructing Sound Barriers
158 Reuse Existing Sound Barriers S
159 Add Aesthetic Treatments on Sound Barrier R8
160 Reuse Existing Sound Barriers Add Aesthetic Treatments on Sound Barrier R8
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DEVELOPMENT

DEVELOPMENT PHASE

6.1 INTRODUCTION

WHAT ARE THE VE RECOMMENDATIONS?
WHY SHOULD THE RECOMMENDATIONS
BE ACCEPTED?

The last step before implementation is to summarize

the VE recommendations:

Proposals should be clearly presented: Among the rules that govern the Development
Phase of a VE Study are the following:

1. Describe As Given with sketches. - Improve ideas

2. Present VE Alternatives. - Combine ideas

3. Compare advantages, limitations and cost. - Verify features

4, Recommend a VE Alternative or validate As Given.

ALTERNATIVES AS GIVEN

(OMPARE

Alternative is more
suitable than As Given

As Given is more suitable
than Alternatives

Validation

. Not enough data is
Enough data is available ) g
. available to demonstrate
to demonstrate its value .
its value

VALIDATIONS Design Suggestion
3 5
PROPOSALS DESIGN SUGGESTIONS

Figure 6. 1: Development Phase Flow Chart

As a result of the speculation and screening process, a number of Alternatives are developed for proposals.
These Alternatives are compared with the As Given. It should be noted that Alternatives can be macro in scale and
address the design concept or micro in scale and address individual design elements. If the As Given is considered
better than the Alternative, then the As Given design element is validated. However, if the Alternative can provide
value, without compromising functions, then the Alternative is developed into a proposal or design suggestion.

A proposal is an Alternative that can be supported by cost, design features and a clear advantage over the As
Given design. If not enough data is available to demonstrate an Alternative’s value, then it is considered a design
suggestion. The conclusion of the VE Study included four (4) validations, three (3) proposals and five (5) design
suggestions. The following is a more detailed discussion of each Alternative and its results.
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DEVELOPMENT

6.2 PROPOSALS Proposal 1: page 1 of 15

DESCRIPTION: Evaluation of CTDOT Interchange Alternatives

This proposal compares the As Given Alternative to the three (3) other Alternatives
proposed in the original CTDOT scoping of the project. Reviewing each alternative
concept, it can be noted that there are certain key decisions that are made, which impact
the remainder of the design. The sequencing of various decisions for each Alternative
shows how one decision that is made on a project may affect subsequent decisions and
eventually determines how each Alternative will perform. To illustrate this point, a
Decision Matrix was created for each of the Alternatives reviewed, starting with the Goal
of “Improve I-91 Exit 29 Capacity and Traffic Operations throughout The Corridor” and
ending with four potential end results: “Increase Ramp Capacity”, “Eliminate Queue
Jumping’, “Improve Weaving on the Charter Oak Bridge”, and “Improve the Overall
Roadway Geometry”. The decisions that needed to be made for each Alternative included:

o Exit 29 Ramp Geometry

« Weaving and lane configurations on the Charter Oak Bridge

« Location and operation of the Route 2 Main Street Ramps in East Hartford

o Where Exit 29 would be located on I-91 (Right or Left Exit), and number of lanes
o Number of lanes on I-91

« How to best widen the I-91 bridges over other roadways

o Driver expectancy

Each Decision Matrix demonstrates the logic behind each of the Alternatives and how well
they meet the desired goal.

EXISTING: The existing Exit 29 Exit Ramp is a single-lane right exit, entering Route 5/15
on the right side on the Charter Oak Bridge. The existing ramp has a 5% upgrade from I-91
to Route 5/15. This grade causes trucks to slow significantly as they merge onto the Charter
Oak Bridge. The slowing of the truck traffic, and adverse volumes associated with the
weaving operation on the Charter Oak Bridge causes significant queuing along the ramp
which extends onto the I-91 mainline for a significant distance.
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VALUE ENGINEERING REPORT

6.2 PROPOSALS Proposal 1: page 2 of 15

AS GIVEN - CTDOT ALTERNATIVE 8B: Alternative 8B proposed to relocate the Exit
29 Ramp to the left side of I-91, and treat it as a two (2) lane major fork instead of an exit
ramp. The I-91 Exit 29 traffic will enter Route 5/15 on the left side of the roadway. Route
5/15 over the Charter Oak Bridge will be partially widened and re-striped to provide four
(4) 11-foot lanes with the right lane acting as an “Exit Only” lane to Exit 89 to Route 2 and
Main Street. The maximum grade for Exit 29 will be 2.55%.

/o

"3 5" RENOVE EXSTING AND CONSTRUGT
NEW_NOISE BARRER WALL 2

\CROSS SECTION
1017-17- 1210

-

[']

Figure P1.1: CTDOT Alternative 8B As Given




DEVELOPMENT

6.2 PROPOSALS Proposal 1: page 3 of 15

S Decision Matrix
mprove |-91 Exit 2 .
Capagity and Traffic AS G | Ve n

Operations Throughout
Corridor

Widen Existing Exit 29 Keep Existing Exit 29
Ramp to Two Lanes Ramp as One Lane

Eliminate Weave Minimal Change in Improve COB
on COB COB Weave Operations Weave Operations

Maintain 3 Lanes Widen COB for Restripe COB to
on COB 4 Lanes Provide 4 Lanes

[ | 1 1
Eliminate 5/15 Exit 90 Move 5/15 Exit 90 Adjust Diverge Point
Ramps to Route 2 / Ramps to Route 2/ for 5/15 Exit 90 Ramps to
Main Street Main Street Easterly Route 2 / Main Street

1-91 Exit 29 Traffic to 1-91 Exit 29 Traffic to
Enter 5/15 on Right Enter 5/15 on Left

Locate Exit 29 Ramp Locate Exit 29 Ramp
on Right Side on Left Side

Treat Exit 29 as Treat Exit 29 as
Two-Lane Exit Major Fork

[ [
[ ]
Maintain |-91 as Widen I-91 to
3 Lanes Between 4 Lanes Between
Exit 27 & Exit 29 Exit 27 & Exit 29
[ [
[ I ]
Maintain Current Decrease Vertical Increase Vertical
Vertical Clearances Clearances Clearances
Under I-91 Bridges Under I-91 Bridges Under |-91 Bridges
[ | |
[ [

Lower Roadways
Under I-91 to Maintain
/ Increase Vertical
Clearances Under I-91
Bric}qes

Keep 5/15 Exit 90
Unchanged

Use Shallow Beams
to Maintain/ Increase
Vertical Clearance
Under I-91 Bridges

Consistent 4’ Left Variable Left Shoulder Consistent 12’ Left
Shoulder Width Width Shoulder Width

Increase Ramp Eliminate Queue Improve Weaving Improve
Capacity Jumping at Ramp on5/15 Geometry

Figure P1.2: Decision Matrix for the As Given
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6.2 PROPOSALS Proposal 1: page 4 of 15

The As Given design provides an improvement to the traffic operations along I-91, Route
5/15 and the Exit 29 Ramp by:

« Adding alane to the Exit 29 Ramp
o Treating Exit 29 as a major highway fork
« Flattening the vertical geometry of the ramp and connector roadway

o Shifting the I-91 Exit 29 traffic entering Route 5/15 on the right to the left. This
change greatly improves the weaving operation on the Charter Oak Bridge.

o Lengthens the distance of between the diverge from I-91 and the merge onto Route

i

T |

W)y
Yy 3 Ly, >

Figure P1.3: Aerial View of CTDOT Alternative 4

5/15 by 1,800 feet (2,000 feet existing / 3,800 feet proposed) significantly reducing
the possibility of any Exit 29 queues extending onto I-91 mainline.

CTDOT Alternative 4:

Alternative 4 proposed to relocate Exit 29 south and combine it with Exit 27 (Brainard
Road). The new combined exit would be a two-lane exit, with the Exit 29 traffic continuing
over Route 5/15 northbound on a two lane flyover structure, intersecting with Route

5/15 traffic from the left. Route 5/15 would continue north as five lanes with three lanes
continuing onto the Charter Oak Bridge and two lanes exiting to I-91 northbound via

Exit 89. The existing Exit 29 Ramp would be removed, and the existing three lanes on the
Charter Oak Bridge will be maintained. Four bridges, two carrying I-91 over roadways and
two carrying roadways over I-91 will need replacement, as well as a major realignment and
reconstruction of Route 5/15 between I-91 south of Exit 28 and the Charter Oak Bridge.

This Alternative provides an improvement to the traffic operations along I-91, Route 5/15
and the Exit 29 Ramp by:

+ Adding alane to the Exit 29 Ramp
« Flattening the vertical geometry of the ramp and connector roadway

« Eliminating the weave on the Charter Oak Bridge

—r;,,,,,%wwwnquﬁi — ENETIEN

B

H
.*’ Vd3g
krmd‘



DEVELOPMENT

6.2 PROPOSALS Proposal 1: page 5 of 15

_____ Decision Matrix
mprove |- XI
Operations Thoughout CTDOT Alt 4

Corridor

Widen Existing Exit 29 Keep Existing Exit 29
Ramp to Two Lanes Ramp as One Lane

Eliminate Weave Minimal Change in Improve COB
on COB COB Weave Operations Weave Operations

Maintain 3 Lanes Widen COB for Restripe COB to
on COB 4 Lanes Provide 4 Lanes

| | |
[ I I ]
Eliminate 5/15 Exit 90 Move 5/15 Exit 90 Adjust Diverge Point
Ramps to Route 2 / Ramps to Route 2/ for 5/15 Exit 90 Ramps to
Main Street Main Street Easterly Route 2 / Main Street

1-91 Exit 29 Traffic to 1-91 Exit 29 Traffic to
Enter 5/15 on Right Enter 5/15 on Left

Keep 5/15 Exit 90
Unchanged

Locate Exit 29 Ramp Locate Exit 29 Ramp
on Right Side on Left Side

Treat Exit 29 as Treat Exit 29 as
Two-Lane Exit Major Fork

[ [
[ ]
Maintain I-91 as Widen I-91 to
3 Lanes Between 4 Lanes Between
Exit 27 & Exit 29 Exit 27 & Exit 29
[ [
[ [ ]
Maintain Current Decrease Vertical Increase Vertical
Vertical Clearances Clearances Clearances
Under I-91 Bridges Under I-91 Bridges Under |-91 Bridges
[ [ |
[

Use Shallow Beams
to Maintain/ Increase
Vertical Clearance
Under I-91 Bridges

Lower Roadways
Under I-91 to Maintain
/Increase Vertical
Clearances Under I-91
Bridlqe_s,

Consistent 4’ Left Variable Left Shoulder Consistent 12’ Left
Shoulder Width Width Shoulder Width

Increase Ramp Eliminate Queue Improve Weaving Improve
Capacity Jumping at Ramp on5/15 Geometry

| | | I
Figure P1.4: Decision Matrix for CTDOT Alternative 4
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6.2 PROPOSALS Proposal 1: page 6 of 15

CTDOT Alternative 6C:

Widen the existing Exit 29 Ramp to provide two lanes on the existing horizontal and
vertical geometry. This Alternative leaves Exit 29 in its current location but would widen
the ramp roadway to two lanes. The existing ramp geometry (horizontal and vertical)
remains unchanged. The Charter Oak Bridge would be re-striped to provide four travel
lanes by narrowing the shoulders and providing 11-foot travel lanes. The Route 5/15 Exit
would be re-configured to eliminate the connection to Route 2, which allows the diverge
point to be shifted east. This change allows for a longer weaving section along Route 5/15
between where the I-91 traffic merges to where the Exit 90 traffic leaves the mainline traffic

stream.

Figure P1.5: Aerial View of CTDOT Alternative 6C

This Alternative provides an improvement to the traffic operations along I-91, Route 5/15
and the Exit 29 Ramp by:

« Adding a lane to the Exit 29 Ramp provides additional capacity and a “de facto”
heavy vehicle climbing lane.

« Improves the weaving operation on the Charter Oak Bridge

o Less expensive than Alternatives 8B and 4
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6.2 PROPOSALS Proposal 1: page 7 of 15

S Decision Matrix
mprove I-91 Exit
CapaFityandTrafﬁc CTDOT Alt GC

Operations Throughout
Corridor

Widen Existing Exit 29 Keep Existing Exit 29
Ramp to Two Lanes Ramp as One Lane

Eliminate Weave Minimal Change in Improve COB
on COB COB Weave Operations Weave Operations

Maintain 3 Lanes Widen COB for Restripe COB to
on COB 4 Lanes Provide 4 Lanes

[ [ [
[ I | ]
Eliminate 5/15 Exit 90 Move 5/15 Exit 90 Adjust Diverge Point
Ramps to Route 2 / Ramps to Route 2/ for 5/15 Exit 90 Ramps to
Main Street Main Street Easterly Route 2 / Main Street

1-91 Exit 29 Traffic to 1-91 Exit 29 Traffic to
Enter 5/15 on Right Enter 5/15 on Left

Keep 5/15 Exit 90
Unchanged

Locate Exit 29 Ramp Locate Exit 29 Ramp
on Right Side on Left Side

Treat Exit 29 as Treat Exit 29 as
Two-Lane Exit Major Fork

[ [
[ ]
Maintain I-91 as Widen I-91 to
3 Lanes Between 4 Lanes Between
Exit 27 & Exit 29 Exit 27 & Exit 29
[ [
[ I ]
Maintain Current Decrease Vertical Increase Vertical
Vertical Clearances Clearances Clearances
Under I-91 Bridges Under I-91 Bridges Under |-91 Bridges
[ | |

Lower Roadways
Under I-91 to Maintain
/Increase Vertical
Clearances Under I-91
Bridlqes

Use Shallow Beams
to Maintain/ Increase
Vertical Clearance
Under I-91 Bridges

Consistent 4’ Left Variable Left Shoulder Consistent 12’ Left
Shoulder Width Width Shoulder Width

Increase Ramp Eliminate Queue Improve Weaving Improve
Capacity Jumping at Ramp on 5/15 Geometry

Figure P1.6: Decision Matrix for CTDOT Alternative 6C
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6.2 PROPOSALS Proposal 1: page 8 of 15

CTDOT Alternative 6D:
Similar to Alternative 6C, but does not alter / relocate Route 5/15 Exit 90 to Route 2 and
Main Street.

Figure P1.7: Aerial View of CTDOT Alternative 6D

This Alternative provides an improvement to the traffic operations along I-91, Route 5/15
and the Exit 29 Ramp by:

« Adding a lane to the Exit 29 Ramp provides additional capacity and a “de facto”
heavy vehicle climbing lane.

o Less expensive than Alternatives 8B, 4 and 6C
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6.2 PROPOSALS Proposal 1: page 9 of 15

I 1-91 Exit 29 DeCISIon Matrlx
mprove |-91 Exit
CapaFityandTrafﬁc CTDOT Alt 6D

Operations Throughout
Corridor

Widen Existing Exit 29 Keep Existing Exit 29
Ramp to Two Lanes Ramp as One Lane

Eliminate Weave Minimal Change in Improve COB
on COB COB Weave Operations Weave Operations

Maintain 3 Lanes Widen COB for Restripe COB to
on COB 4 Lanes Provide 4 Lanes

[ [ [
[ 1 [ ]
Eliminate 5/15 Exit 90 Move 5/15 Exit 90 Adjust Diverge Point
Ramps to Route 2/ Ramps to Route 2/ for 5/15 Exit 90 Ramps to
Main Street Main Street Easterly Route 2 / Main Street

Keep 5/15 Exit 90
Unchanged

1-91 Exit 29 Traffic to 1-91 Exit 29 Traffic to
Enter 5/15 on Right Enter 5/15 on Left

Locate Exit 29 Ramp Locate Exit 29 Ramp
on Right Side on Left Side

Treat Exit 29 as Treat Exit 29 as
Two-Lane Exit Major Fork

[ [
[ ]
Maintain I-91 as Widen 1-91 to
3 Lanes Between 4 Lanes Between
Exit 27 & Exit 29 Exit 27 & Exit 29
[ [
[ I ]
Maintain Current Decrease Vertical Increase Vertical
Vertical Clearances Clearances Clearances
Under I-91 Bridges Under |-91 Bridges Under I-91 Bridges
[ | |
[ [

Lower Roadways
Under I-91 to Maintain
/Increase Vertical
Clearances Under I-91
Bridlqgs

Use Shallow Beams
to Maintain/ Increase
Vertical Clearance
Under I-91 Bridges

Consistent 4’ Left Variable Left Shoulder Consistent 12’ Left
Shoulder Width Width Shoulder Width

Increase Ramp Eliminate Queue Improve Weaving Improve
Capacity Jumping at Ramp on5/15 Geometry

Figure P1.8: Decision Matrix for CTDOT Alternative 6D
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6.2

PROPOSALS

VE ALTERNATIVE PROPOSAL EVALUATION

Proposal 1: page 10 of 15

Alternative Advantages Limitations
CTDOT Alternative 8B - Adds a Lane to the Exit 29 Ramp | - Left Exit
(As Given) - Treats Exit 29 as a Major Highway
Fork
- Flattens the Vertical Grade
- Improves Weave on Charter Oak
Bridge
. Lengthens Exit 29 Queue Storage
CTDOT Alternative 4 - Traffic from I-91 to Route 5/15 - Most Difficult Alternative to
Exits on the Right Construct
« Adds a Lane to the Exit 29 Ramp | « Most Expensive Alternative
- Flattens the Vertical Grade « Cannot be Completed within
« Eliminates Weave on Charter Oak the Current Project Schedule.
Bridge
« Lengthens Exit 29 Queue Storage
CTDOT Alternative 6C - Potential Cost Savings - Does not improve Vertical
- Potential For Shorter Grade on Ramp.
Construction Duration - Could Result in Increase of
« Improves Weave on Charter Oak Certain Crashes (Rear-End)
Bridge
CTDOT Alternative 6D - Potential Cost Savings + Does not Improve Vertical
- Potential for Shorter Grade on Ramp.
Construction Duration - Makes Weave on Charter Oak
Bridge Worse
- Could Result in Increase of
Certain Crashes (Rear-End)

COST COMPARISON

Figure P1.9: VE Alternative Proposal Evaluation

The costs used for each Alternative were the costs developed by CTDOT at the time the

project was scoped.

CTDOT Alternative 8B (AS GIVEN):

CTDOT Alternative 4

CTDOT Alternative 6C:

CTDOT Alternative 6D:

$170,000,000

$330,000,000

(increase from Alternative 8B / As Given)

$130,000,000

(decrease from Alternative 8B / As Given)

$128,000,000

(decrease from Alternative 8B / As Given)
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EVALUATION PROCESS
This section describes how the VE Team took the evaluation of the four (4) Alternatives one step forward in
developing a Performance, Acceptance and Cost Evaluation.

Evaluation Phase Process

Accurately judging Alternatives requires an intricate process—part of which is subjective and part objective. In
many cases, judging is done sequentially in three (3) independent steps: Performance Rating, Acceptance Rating
and Cost Rating. The four (4) Alternatives studied, as well as the “Do-Nothing” option, were evaluated.

RANKING OF CRITERIA (PERFORMANCE & ACCEPTANCE)

Criteria were compared to each other, ranked in order of importance, and assigned

a weight of importance on a scale of 1 to 10. Each criterion was compared against
the other criteria for its relative importance. At each diagonal, the horizontal row and
vertical column will be opposite numbers. The rest of the criteria were compared
similarly. When numbers were added vertically, the ranking of criteria was obtained.
If there is a breakdown in logic, two criteria may have the same ranking. For example,
there may be two 3's and either a 2 or 4 may be missing. Recheck the logic to correct
this error.

ASSIGNING WEIGHT OF IMPORTANCE

The most important criterion is always given a rating of 10. The second most important
criterion must be a weight of importance of 10 or less. Weight ratings tend to be
higher than five. When they drop to five or lower, their impact to the analysis is
diminished. If any Alternative receives a rating of 0 or 1 for any of the criteria, the
Alternative is considered to have a “Fatal Flaw” and is dropped from consideration in
the final analysis

RANKING OF ACCEPTANCE CRITERIA
Acceptance criteria were similarly compared, ranked and weighted. The next step uses
these weighted criteria to rate Alternatives for performance and acceptance.

PERFORMANCE AND ACCEPTANCE EVALUATION OF ALTERNATIVES

Using weighted performance criteria, the two Alternatives were evaluated based on
how well they satisfied each performance criteria. Each Alternative is rated on how well
it performs with respect to the criteria on a scale of 5 to 0, where 5 is excellent, 4 is
very good, 3 is good, 2 is satisfactory, 1 is poor and 0 is unsatisfactory. Any Alternative
receiving a rating of 0 or 1 for any of the criteria is considered to have a “Fatal Flaw" and
is dropped from consideration in the final analysis.

By multiplying these ratings by the weight of the criteria and adding products, a
total score for each Alternative is found. This score, divided by the sum of the weight
of importance, is the average rating of the Alternative, which is used to select the
optimum solution.

Figures P1.10 through P1.13 are the Performance and Acceptance Matrices used for
evaluating the Alternatives.
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CRITERIA RANKING - PERFORMANCE
o| 5| % .
£ 2 S S
> 4 o S
Criteria ] = 3 1
= o = T s
(U] (V)] <= << <
i ) = v D
E| 5| g 2 E
£l 3| =] E |88
= o = S |20
1 | Minimize Weaving 1 0 0 1 0
2 | Reduce Congestion 1 1 1 1
3 | Maintain Movements 1 0 1 1 0
4 | MPT 0 0 0 1 0
5 | Provide Adequate Geometry 1 0 1 1 1
Rank 4 1 3 5 2
Weight of Importance 7 10 7 5 8
Figure P1.10: Criteria Ranking - Performance
PERFORMANCE RATING
Excellent=5
Very Good = 4
Good =3
Satisfactory = 2 )
Poor=1 é
Unacceptable =0 = o) o) o) (o) o
£ < & & & &
el e, o o o o
(] (] [ [ [ [
< o = o | = o = o = o =
2 £ 2 £ 2| £ 2 £ 2 £ 2
(Y = (Y = () = () = () = ()
= & = e || & = & = & =
Criteria (1-10)
1 | Minimize Weaving 7 3 21 2 14 5 35 2 14 2 14
2 | Reduce Congestion 10 4 40 0 0 4 40 3.5 35 3 30
3 [ Maintain Movements 7 5 35 5 35 5 35 2 14 5 35
4 | MPT 35 | 175 5 25 3 15 15 3 15
5 | Provide Adequate Geometry 4 32 2 16 4 32 24 2 16
Total Weighted Rating 37 145.50 90.00 157.00 102.00 110.00
Average Weighted Rating 3.93 2.43 4.24 2.76 2.97
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CRITERIA RANKING - ACCEPTANCE

Criteria

Meet Schedule (Design &
Construction Duration)

Constructability
Meet Schedule (Design & Construction Duration)

— | O

Driver Satisfaction

Nlw|INn|=—-

Accommodate Expansion

5 | Environmental Permitting
Rank 3

Figure P1.12: Criteria Ranking - Acceptance

—=|o |o |= | o |© | Driver Satisfaction

o |~ |—[o[=]—|=|Constructability

wi v )= [=]—|—]—|Accommodate Expansion
@ [N | = o | = |2 | o | Environmental Permitting

ACCEPTANCE RATING
Excellent=5
Very Good =4
Good =3
Satisfactory =2 g
Poor = 1 &
Unacceptable =0 §_ 2 2 2 2 2
E k: k: k: k: k:
o el e e e §e;
L 3 3 3 3 3
< (@)] = (@)] L= (o)} <= (o)} <= (o)} <=
2 £ 2 £ k=) £ 2 £ 2 £ 2
(Y = (Y = (Y = (Y = (Y = (Y
= © = < = < = < = < =
Criteria (1-10)
1 | Constructability 6 18 30 12 4 24 4 24
2 | Meet Schedule (Design & 8 40 5 40 2 16 4 32 4 32
Construction Duration)
3 | Driver Satisfaction 10 3 30 1 10 4 40 3 30 3 30
4 | Accommodate Expansion 5 3 15 2.5 12.5 35 17.5 2 10 2 10
5 | Environmental Permitting 8 4 32 5 40 3 24 4 32 4 32
Total Weighted Rating 37 135.00 132.50 109.50 128.00 128.00
Average Weighted Rating 3.65 3.58 2.96 3.46 3.46

Figure P1.13: Acceptance Rating
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Next, costs for each Alternative were
evaluated based on a linear relationship.

Proposal 1: page 14 of 15

For the purposes of this exercise, the VE 5
Team decided that a cost of $400 million or
higher was unacceptable. The cost used for 4
each Alternative was the cost developed by oy
CTDOT at the time the project was scoped. =3
. . c
The cost for each Alternative is placed on S
the graph and a rating was assigned to each 2
of the Alternatives studied.
1 As Given $170,000,000 1
2 Do Nothing -
3 Alternative 4 $330,000,000 0 100 250 400
4 Alternative 6C $130,000,000 Million Dollars
5  Alternative 6D $128,000,000 ' ,
Figure P1.14: Ranking vs Cost
, ‘ o RATING SUMMARY
The Third Phase is a Sensitivity
Analysis. The Sensitivity Analysis was
also performed to determine if any o < g e
differences are realized if more emphasis c £ g 9 9
is placed on any of those categories. The < g e e e
following figure summarizes the rating E o Y b by
of each Alternative for performance, < o < < <
acceptance and cost. A weighted a Performance - P 3.93 243 | 424 | 276 | 297
average for each parameter was £ [ Acceptance-A 365 | 358 | 296 | 346 | 346
developed. e
Cost-C 3.00 5.00 1.50 3.50 3.50
P A C
. 1 1 1 3.53 3.67 2.90 3.24 3.31
g 2 1 1 363 | 336 | 324 | 312 | 3.3
= U
Sg| 2 1 | 356 | 365 | 292 | 329 | 335
| 1 2 340 [ 400 | 255 | 330 | 336

Figure P1.15: Rating Summary

The results of the evaluation showed the As Given design to
outperform the other Alternatives, based on all sensitivity checks,
thus supporting the original CTDOT decision. Note that the “Do
Nothing” Alternative is rejected because it received a performance
rating of 0 for Reducing Congestion.
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RECOMMENDATION
The VE Team validates the As Given Alternative.

Reviewing the four (4) CTDOT Alternatives, the VE Team finds the significantly

higher costs associated with CTDOT Alternative 4 disqualifies that Alternative and
that although keeping Exit 29 along the existing alignment, as proposed in CTDOT
Alternatives 6C & 6D, might result in a cost savings, many of the operational concerns
throughout the project area will not be addressed. The two major concerns addressed
by CTDOT Alternative 8B (As-Given) are:

«  Shifting the I-91 Exit 29 traffic entering Route 5/15 on the right to the left. This
change greatly improves the weaving operation on the Charter Oak Bridge.

Lengthening the distance between the diverge from |-91 and merge onto Route
5/15 significantly reducing the possibility of any Exit 29 queues extending onto
[-91 mainline.

Additionally, when completing the Performance and Acceptance Analysis, the As
Given Alternative had a higher rating than any of the Alternates keeping the Exit 29
Ramp in its current location.

PROPOSAL COMPARISON COST TABLE

The table below summarizes As Given, Alternative Costs and the Cost Difference between
As Given and the respective Alternatives. The costs used for each Alternative were the costs
developed by CTDOT at the time the project was scoped.

e & Operatio 0
O
0 D
As Given VE Proposal As Designed | VE Proposal Adc :

CTDOT Alternative 8B (As Given) $170,000,000 Validation
CTDQT Alternative 4 $330,000,000 — — $0*
CTDOT Alternative 6C $130,000,000 — — S0*
CTDQT Alternative 6D $128,000,000 — — S0*
Accepted: O Needs Further Study: O
Rejected: O Needs to be Resolved: [1
*Validation

@ benesch
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DESCRIPTION: Maintain the I-91 NB Exit 29 Ramp on the Existing Alignment

EXISTING: The existing Exit 29 Exit Ramp is a single-lane right exit, entering Route 5/15

on the right side on the Charter Oak Bridge. The existing ramp has a 5% upgrade from I-91
to Route 5/15. This grade causes trucks to slow significantly as they merge onto the Charter
Oak Bridge. The slowing of the truck traffic and adverse volumes associated with the weaving
operation on the Charter Oak Bridge causes significant queuing along the ramp which
extends onto the I-91 mainline for a significant distance.

AS GIVEN: It is proposed to relocate the Exit 29 Ramp to the left side of I-91 and treat it as a
two (2) lane major fork instead of an exit ramp. The I-91 Exit 29 traffic will enter Route 5/15
on the left side of the roadway. Route 5/15 over the Charter Oak Bridge will be re-striped to
provide four (4) 11-foot lanes with the right lane acting as an “Exit Only” lane to Exit 90 to
Route 2 and Main Street. The maximum grade for Exit 29 will be 2.55%.

The As Given design provides an improvement to the traffic operations along I-91, Route 5/15
and the Exit 29 Ramp by:

« Adding a lane to the Exit 29 Ramp
o Treating Exit 29 as a major highway fork
o Flattening the vertical geometry of the ramp and connector roadway

o Shifting the I-91 Exit 29 traffic entering Route 5/15 on the right to the left. This change
greatly improves the weaving operation on the Charter Oak Bridge.

+ Lengthening the distance of the diverge between I-91 and the merge onto Route 5/15
by 1,800 feet (2,000 feet existing / 3,800 feet proposed), significantly reducing the
possibility of any Exit 29 queues extending onto I-91 mainline.

Cost As Given: $170,000,000

VE Alternative P2A:

Widen the existing Exit 29 Ramp to provide two lanes on the existing horizontal and
vertical geometry. This Alternative leaves Exit 29 in its current location but would widen the
ramp roadway to two lanes. The existing ramp geometry (horizontal and vertical) remains
unchanged. (This is similar to the original CTDOT Alternate 6C).

This improvement will improve the capacity of the ramp by adding a second lane but will
not alter the existing 5% grade and will not improve the weave operation on the Charter
Oak Bridge. Due to the fact that the weave operation will not be improved, there is still the
potential for queues along the Exit 29 Ramp to spill onto I-91 mainline mimicking current
operations.

The cost of this Alternate is estimated to be $128,000,000.
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VE Alternative P2B
Widen the existing Exit 29 Ramp to provide two lanes on the existing horizontal alignment
with new, flatter, vertical geometry.

This improvement will improve the capacity of the ramp by adding a second lane but will
not improve the weave operation on the Charter Oak Bridge. Due to the fact that the weave
operation will not be improved, there is still the potential for queues along the Exit 29 Ramp
to spill onto I-91 mainline mimicking current operations.

The cost of this Alternate is estimated to be $140,000,000.

VE Alternative P2C

Keep Exit 29 as a single-lane ramp, but move the diverge / decision point further south. This
Alternative leaves Exit 29 in its current location. The existing ramp geometry (horizontal and
vertical) remains unchanged, but move the physical separation of the ramp and mainline
further south. The exit ramp would be separated from the mainline traffic by a physical
barrier to minimize queue jumping.

This improvement does nothing to increase the capacity of the ramp and does not alter the
existing 5% grade and will not improve the weave operation on the Charter Oak Bridge. The

purpose of this Alternative is to simply contain and isolate the queues that currently exist and
does little to improve traffic operations throughout the project area.

The cost of this Alternate is estimated to be $70,000,000

VE ALTERNATIVE PROPOSAL EVALUATION

Alternative Advantages Limitations

As Given - Adds a Lane to the Exit 29 Ramp - Most Expensive Option

- Treats Exit 29 as a Major Highway Fork | - Left Exit

- Flattens the Vertical Grade

- Improves Weave on Charter Oak
Bridge

- Lengthens Exit 29 Queue Storage

VE Alternative P2A - Adds a Lane to the Exit 29 Ramp + Does Not Improve Weave on
Charter Oak Bridge

- Does Not Eliminate the 5% Grade
on the Ramp

+ Does Not Lengthen Exit 29
Queue Storage

VE Alternative P2B - Adds a lane to the Exit 29 Ramp - Does Not Improve Weave On

- Flattens the Vertical Grade Charter Oak Bridge

- Does Not Lengthen Exit 29
Queue Storage
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Alternative Advantages Limitations

VE Alternative P2C - Lengthens Exit 29 Queue Storage + Does Not Improve Capacity of
Ramp.

- Does Not Improve Weave on
Charter Oak Bridge

- Does Not Eliminate the 5% Grade
on the Ramp

+ Does Not Lengthen Exit 29
Queue Storage

Figure P2.1: VE Alternative Proposal Evaluation

COST COMPARISON

Cost As Given: $170,000,000
VE Alternative P2A: $128,000,000
VE Alternative P2B: $140,000,000
VE Alternative P2C: $70,000,000
RECOMMENDATION

The VE Team validates the As Given Alternative.

Throughout the Value Engineering analysis, the VE Team considered several different
options that included the Exit 29 Ramp exiting I1-91 from the right. While keeping Exit
29 along the existing alignment might result in a cost savings, many of the operational
concerns throughout the project area will not be addressed that are addressed by the
As-Given Alternative. Operational deficiencies addressed by the As-Given Alternative
that are not addressed if the ramp remains on the current alignment include:

«  Shifting the I-91 Exit 29 traffic entering Route 5/15 on the right to the left. This
change greatly improves the weaving operation on the Charter Oak Bridge.

Lengthening the distance between the diverge from |-91 and merge onto Route
5/15 significantly reduces the possibility of any Exit 29 queues extending onto |-91
mainline.

Additionally, when completing the Performance and Acceptance Analysis, the As Given
Alternative had a higher rating than any of the Alternates keeping the Exit 29 Ramp in its
current location.
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PROPOSAL COMPARISON COST TABLE

The table below summarizes As Given, Alternative Costs and the Cost Difference between
As Given and the respective Alternatives.

& Operatio O
O
O . arp a
As Given Uiz As Designed | VE Proposal s
Alternative 9 P Add’l Co
As Given $170,000,000 Validation
Alternative P2A $128,000,000 — — S0*
Alternative P2B $140,000,000 — — SO*
Alternative P2C $70,000,000 — — $0*
Accepted: O Needs Further Study: O
Rejected: O Needs to be Resolved: []

*Validation

@ benesch i
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Proposal 3: page 1 of 2

DESCRIPTION: 1-91 Capacity Improvements

EXISTING: I-91 NB south of Exit 27 is four (4) lanes wide with the right most lane acting
as an “Exit Only” lane. North of Exit 27, I-91 NB is three (3) lanes wide until the Route
5/15 entrance ramp north of Exit 29.

AS GIVEN: Widen I-91 NB to four (4) lanes from south of Exit 27 to the new Exit 29.

The new Exit 29 will be a major fork with two (2) lanes diverging to the left for Exit 29 and
three (3) lanes continuing north as I-91. Exit 27 will be converted from an “Exit Only” lane
to a conventional exit.

While the existing three lanes are presently operating, at, or, near capacity with the 2015
traffic volumes, with the projected 2039 volumes, this segment will be over capacity.

Cost As Given: $36,741,000

VE Alternative P3A:

Except for the minimum widening to develop four (4) lanes for the Exit 29 major fork, keep
I-91 NB three lanes wide between Exit 27 and Exit 29. The widening to achieve the four (4)
lane cross section in advance of the major fork must begin 2,000 feet prior to the decision
point. This widening begins prior to Bridge 480 (Airport Road), requiring widening of the
bridge.

The total distance between Exit 27 and the new Exit 29 is 4,000 feet, leaving 2,000 feet
potentially available for a three (3) lane section. This proposal would eliminate the need to
reconstruct Bridge 1466 and Bridge 813.

The cost of this Alternate is estimated to be $7,068,000.

VE Alternative Proposal Evaluation

Alternative Advantages Limitations
As Given - Improves Traffic Operations - Requires Widening of Three (3) of
-+ Meets Capacity Needs for the the 1-91 Bridges

Anticipated 2039 Traffic Volumes | - Requires Construction of
Retaining Walls to Avoid
Environmental and ROW

Impacts.
VE Alternative P3A - Eliminates Need to Widen Two of | - Creates a Short Three-Lane
the I-91 Bridges Segment Between Two (2) Four-
- Eliminates a Retaining Wall (Wall Lane Sections
101) - Does Not Provide Capacity to

Accommodate Anticipated 2039
Traffic Volumes

Figure P3.1: VE Alternative Proposal Evaluation
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COST COMPARISON

Cost As Given $36,741,000
VE Alternative P3A: $7,068,000
RECOMMENDATION

The VE Team validates the As Given Alternative because it provides the necessary number of lanes along 1-91

to meet future traffic volumes.

PROPOSAL COMPARISON COST TABLE
The table below summarizes As Given, Alternative Costs and the Cost Difference between As Given and the
respective Alternatives.

& Op 0 0
O
0 D
As Given Ve As Designed | VE Proposal e

Alternative 9 P Add’l Co
As Given $36,741,000 Validation
Alternative P3A $7,068,000 — — SO*
Accepted: O Needs Further Study: O
Rejected: O Needs to be Resolved: [1

*Validation

@ benesch _
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DESCRIPTION: Revise Route 15 Eastern Project Limit

EXISTING: Route 15 from the east end of the Charter Oak Bridge has two (2) through
travel lanes to the merge with 1-84.

AS GIVEN: Route 15 is widened to accommodate three (3) travel lanes from the east end of
the Charter Oak Bridge, matching the existing two (2) travel lanes approximately 300 feet
east of Bridge No. 05796 over Silver Lane. This requires widening the existing bridge over
Silver Lane. Noise barrier at the south curb line was recently reconstructed from Exit 91 to
the project limit.

Figure P4.1: Reconstructed Noise Barrier at South Curb Line from Exit 91 to Project Limit

R

Cost As Given Roadway Reconstruction $427,800
Noise Barrier $1,858,140

TOTAL $12,812,000

VE Alternative P4A: Match the existing two (2) travel lanes on Route 15 west of Silver
Lane. A reduction of 550 feet of associated roadway widening of Route 15. This proposal
eliminates the widening of Bridge No. 05796 — Route 15 over Silver Lane and reduces the
amount of recently reconstructed Noise Barrier.

; R =
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Figure P4.2: Proposal P4A eliminates the widening of Bridge No. 05796 — Route 15 over Silver Lane
and reduces the amount of recently reconstructed Noise Barrier.

The cost of this Alternate is estimated to be $0 or a $12,811,680 savings from the As Given.
The value refers to the cost of the work that would be eliminated should this alternative be
chosen.

VE ALTERNATIVE PROPOSAL EVALUATION

Alternative Advantages Limitations
As Given - Extends 3-Lane Section as Long as | - Requires Widening of Bridge No.
Possible 05976
« Lane Drop Further from Exit 91 + Relocating Recently Constructed

Noise Barrier

VE Alternative P4A | « Eliminates Widening Bridge 05796 | -« Lane Drop Closer To Exit 91
« Eliminates Relocating Noise Barrier
over Silver Lane

Figure P4.3: VE Alternative Proposal Evaluation

COST COMPARISON
Cost As Given: $12,812,000

VE Alternative P4A: $0($12,812,000 savings from the As Given)

@ benesch
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RECOMMENDATION

The VE Team recommends VE Alternative P4A, which shifts the eastern Project Limits
of Route 15 Northbound construction in East Hartford to west of Silver Lane. This

revision eliminates the need to widen Bridge No. 05796 - Route 15 over Silver Lane
and the additional 550 feet of roadway.

PROPOSAL COMPARISON COST TABLE
The table below summarizes As Given, Alternative Costs and the Cost Difference between
As Given and the respective Alternatives.

Ope O 0O
O
0 »
As Given VIE As Designed | VE Proposal s
Alternative 9 P Adad’l Co
As Given $12,812,000
Alternative P4A S0 (+)$12,812,000
Accepted: O Needs Further Study: O
Rejected: O Needs to be Resolved: [
ST
E———— o 3
Z - o
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DESCRIPTION: New Exit 29 Bridge over Route 5/15 Southbound Width / Cross Section

EXISTING: N/A - This is a New Structure.
AS GIVEN: Exit 29 - 12-foot Left Shoulder, 12-foot Lanes, 12-foot Right Shoulder.

12' SHLDR 12' 12 12

LANE LANE SHLDR

Figure P5.1: As Given Lane Configuration over New Structure.

Bridge $34,629,400
Cost As Given Roadway $ 3,860,000
TOTAL $38,489,400

VE Alternative P5A

Construct the New Exit 29 Bridge over Route 5/15 Southbound with a 4-foot Left Shoulder,
12-foot Lanes, and a 10-foot Right Shoulder. Currently, the Left Shoulder along I-91
immediately to the south of the new bridge is 6-feet wide, and immediately to the north,
the Left Shoulder is 4-feet wide along the Charter Oak Bridge.

SHOULDER

s 12 SHOULDER
SHOULDER VARiES | SHOULDER
»le

"
VARIES | SHOULDER
»le

Figure P5.2: Alternative P5A — Construct New Exit 29 Bridge over Route 5/15 Southbound with a
4-foot Left Shoulder, 12-foot Lanes, and a 10-foot Right Shoulder

Narrowing the shoulder to 4 feet on the connector roadway and new bridge will provide
a consistent shoulder width without negatively impacting traffic flow. Providing a 10-
foot wide Right Shoulder will reduce the overall width of the roadway without negatively
impacting traffic flow or safety. This cross section meets the 70 MPH design standards
for a 2-lane connector road. This will reduce the overall width of the bridge from 48 feet

@ benesch i
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curb-to-curb / 51 feet - 10 inches out-to-out to 38 feet curb-to-curb / 41 feet - 10 inches
out-to-out a reduction of 10 feet of width. An additional benefit to be gained by narrowing
the connector roadway and bridge for the new Exit 2 Ramp is the potential to alter the
alignments of the Route 5/15 mainline and Exit 89 between the I-91 northbound overpass
(Bridge 5922) and the Charter Oak Bridge. The potential changes could realign these
roadways closer to the existing alignments.

4 12' 127 10
SHLDR LANE -

A

LANE | SHLDR

I
S

Figure P5.3: Narrowing of the Shoulder to 4'on the Connector Roadway.

The cost of this Alternate is estimated to be $30,918,940.

$27,883,640
(Decrease from As Given)

$ 3,585,300
(Decrease from As Given)

$30,918,940
(Decrease from As Given)

Bridge

VE Alternative P5A: Roadway

TOTAL

VE Alternative P5B

Construct the New Exit 29 Bridge over Route 5/15 Southbound with a 4-foot Left Shoulder,
11-foot Lanes, and a 10-foot Right Shoulder. This is similar to VE Alternative P4A, except
instead of 12-foot travel lanes, 11-foot travel lanes will be provided. This 11-foot travel lane
width matches the travel lane widths that are being provided upstream on the Charter Oak
Bridge. This will reduce the overall width of the bridge from 48 feet curb-to-curb / 51 feet
10 inches out-to-out to 36 feet curb-to-curb / 39 feet 10 inches out-to-out, for a reduction
of 12 feet of width.
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4' 11 11 10'
SHLDR LANE LANE SHLDR

Figure P5.4: New Exit 29 Bridge over Route 5/15 Southbound with a 4-foot Left Shoulder, 11-foot
Lanes and a 10-foot Right Shoulder..

The cost of this Alternate is estimated to be $29,431,040.

VE ALTERNATIVE PROPOSAL EVALUATION

Alternative Advantages Limitations
As Given - Provides Maximum Shoulder « Inconsistent Shoulder Widths
Widths. Compared to Downstream and
- Exceeds Design Criteria Upstream Roadways
- Forces Shifting of Route 5/15 Mainline
and Exit 89
VE Alternative P5SA | - Consistent Shoulder Widths - Narrower Shoulder Could Affect
With Upstream Roadway Traffic Flows Due to High Truck
- Meets Design Criteria Volumes

- Potential to Improve
Geometry Along Route 5/15

VE Alternative P5B | « Consistent Shoulder Widths - Narrower Shoulders Could Effect
with Upstream Roadway Traffic Flows due to High Truck
- Potential to Improve Volumes

Geometry Along Route 5/15 « Narrower Lanes Could Effect Traffic
Flows due to High Truck Volumes

-« Does Not Meet Design Criteria —
Design Exception Required

A Figure P5.5: VE Alternative Proposal Evaluation
Cost Comparison

Cost As Given: $38,489,400
VE Alternative P5A: $30,918,000 ($7.5 million savings from As Given)
VE Alternative P5B: $29,431,000 ($9.0 million savings from As Given)

@ benesch
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6.2 PROPOSALS Proposal 5: page 4 of 4

RECOMMENDATION

The VE Team recommends Alternative P5A. This Alternative will result in a cost savings
while conforming to the Design Criteria and provides the potential to improve

geometry along Route 5/15.

PROPOSAL COMPARISON COST TABLE
The table below summarizes As Given, Alternative Costs and the Cost Difference between
As Given and the respective Alternatives.

Ope O 0O
O
0 »
As Given VE As Designed | VE Proposal e
Alternative 9 P Add'l Co
As Given $38,489,400
Alternative P5A $30,918,940 (+) $7,570,460
Alternative P5B $29,431,040 (+) $9,058,360
Accepted: O Needs Further Study: O
Rejected: O Needs to be Resolved: [1
TR
— (™)
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6.2 PROPOSALS Proposal 6: page 1 of 4

DESCRIPTION: Consider Alternate Approaches to Addressing Vertical Clearance
Issues at I-91 Underpasses

The intent of this proposal is to limit or eliminate (if possible) the roadway reconstruction
work proposed under the bridges carrying I-91 which have substandard under-clearances.

EXISTING: Within the project limits, there are three (3) bridges carrying I-91 with
substandard under-clearances. The bridges include the following:

Bridge No. Description Existing Clearance
00813 I-91 over Route 5/15 13-9"
01466 I-91 over 1-91 TR827 14-0"
00480 I-91 over Airport Road 13-11"

Figure P6.1: Bridge No. 00813 Elevation Figure P6.2: Bridge No. 01466 Elevation

The proposed design includes widening of these bridges to accommodate a fourth lane on
I-91 NB. Due to the cross slope of the roadway (I-91), the widening would generally result in
a lowering of the low chord of the bridge.

AS GIVEN: Provide an increased under-clearance at the bridges to meet 14 feet- 6 inches by
lowering the roadway profiles below the bridges, along with utilizing shallower beams for the

widening.

The As-Given Design calls for improving the under-clearance at all three bridges to meet 14
feet- 6 inches, which is the minimum standard.

This is proposed to be accommodated though the following measures:

 Use of lower profile members for the bridge widening

« Lowering of the roadway profile below the bridge

@ benesch i
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6.2 PROPOSALS

Proposal 6: page 2 of 4

Bridge No. Structure Cost Roadway Cost (Incl:r;:aclosts)
Cost As 00813 $8,890,000 $1,276,000 $19,359,000
Given 01466 $4,433,000 $321,000 $9,081,000
00480 $3,064,000 $596,000 $7,034,000
TOTAL $16,387,000 $2,193,000 $35,474,000
VE Alternative P6A

Maintain the existing minimum under-clearances at the bridge by utilizing shallower beams
for the widening (wherever possible).

Under this Alternative, the existing under-clearances would be maintained, wherever possible.
Widening of the bridges would be performed utilizing beams shallower than the existing to

offset the effect of the cross slope.

The VE Team evaluated the proposed cross section to see what savings could be achieved.
The existing critical fascia beam depth was compared with the value resulting from
AASHTO LRFD Manual Table 2.5.2.6.3-1 “Traditional Minimum Depths for Constant Depth

Superstructures”.

The following is a summary of the evaluation performed.

Bridge No. Loss of Clearance Po?ential Reduction Poter.ltial
(Cross Slope and Profile Below) in Beam Depth Solution?
00813 8.19” 452" No
01466 4.44" 10.39" Yes
00480 13.28” Minimal No

Based on the evaluation, this Alternate only presents a viable solution at Bridge No. 01466.
The cost of this Alternate is estimated to be $34,860,000 ($614,000 Decrease from As Given).

VE Alternative P6B
Provide an increased under-clearance at the bridges to meet 14 feet- 6 inches by replacing the
superstructure with new, shallower superstructures.

Under this Alternative, all three (3) bridge superstructures will be replaced with new
superstructures. For the multi-span bridges (Bridge No. 00813 and 01466), the proposed

bridge superstructures would be designed as continuous to reduce the structure depth.

The cost of this Alternate is estimated to be $58,400,000 ($22 million increase from As Given).
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6.2 PROPOSALS Proposal 6: page 3 of 4
VE ALTERNATIVE PROPOSAL EVALUATION

Alternative Advantages Limitations
As Given + Meets the 14-6"Under- - Potential Utility Impacts
Clearance - Greater Impact on Below Roadways
- Mitigate Against Future - Greater Roadway Costs.

Vehicular Impacts
- Reduced Superstructure Costs

VE Alternative P6A | - No Roadway Construction - Does Not Improve Existing Clearance
Under Bridge Issues
- Less Impact to Traffic Below - Only Applicable to Bridge No. 01466
Bridge
- No Impact to Utilities Below
Bridge
- Cost Savings
VE Alternative P6B | - Meets the 14-6"Under- - Highest Cost Alternative
Clearance + Major Traffic Impacts to I-91 NB & SB

- Mitigate Against Future
Vehicular Impacts

- New Bridge Structures
(Current Bridges Constructed

In 1961)
Figure P6.3: VE Alternative Proposal Evaluation
COST COMPARISON
Cost As Given: $35,474,000
VE Alternative P6A: $34,860,000 ($614,000 Decrease from As Given).
VE Alternative P6B: $58,400,000 ($22,926,000 Increase from As Given)

RECOMMENDATION

The VE Team validates the As-Given solution to increase the vertical clearance to 14
feet - 6 inches under the three (3) bridges by lowering the roadway and utilizing shallow
depth beams to complete the widening.

Though Alternative P6A offers a potential limited cost savings, it does not address the
concerns associated with vehicular collisions into the bridge due to the insufficient
clearance.

Though there are potential benefits to be realized with Proposal P6B, there is a high cost
associated with the work and significant temporary (M&PT) and permanent (Profile)
impacts to |-91 associated with the work.

As the bridges are not structurally deficient and appear to have twenty or more years of
service life remaining, replacement does not appear warranted at this time.

@ benesch
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6.2 PROPOSALS Proposal 6: page 4 of 4

PROPOSAL COMPARISON COST TABLE
The table below summarizes As Given, Alternative Costs and the Cost Difference between As
Given and the respective Alternatives.

& Op O O
O
0 »
As Given ViE As Designed | VE Proposal o

Alternative 9 P Add’l Co
As Given $35,474,000 Validation
Alternative P6A $34,860,000 — — S0*
Alternative P6B $58,400,000 | — — $0*
Accepted: O Needs Further Study: O
Rejected: O Needs to be Resolved: [1

*Validation

o 3
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6.2 PROPOSALS Proposal 7: page 1 of 7

DESCRIPTION: Optimize Span Configuration

EXISTING: None.

AS GIVEN: Construct a five-Span continuous Trapezoidal Box Girder. The spans are 140 feet,
215 feet, 215 feet, 170 feet and 140 feet. The total Bridge length is 880 feet. Piers #1, #3 and #4
are concrete wall piers with steel integral bent caps. Pier #2 is a Straddle Pier. The width is 51
feet - 10 inches. The deck area is 45,610 SE.

€ SOUTH y € PIER 4
B1-91 NB TO RT - RT.5/15 RAMP
éggs'MENT\ 815 he pave | ePER2— ¢_ PIER 3\
— \ el
. w0 .
12'-0" SHLDR. e B . SO, L S sl B i _5___"‘ T L. P
12'-0" LANE - = i = T I.ﬁ .“9 e
1257 %SHTDKR, o - e —— e N s -
. — = ¥ CR— —— 206300 e e e ST e e S R —
: o Y — L e ERs
by € PIER 1 —@r,, 4 206300 ===, S . ES il ‘\_
= P o sacoo T ; — ¢ NORTH
v S e e LR . I ! ABUTMENT
P e . SR S b=y i BRGS
A = — R ——_
ST ——.. RT.5/15 RAMP TO 1-91 NB -
RT. 5715 NB B PROPOSED RT. 5/15
& / PLAN NB RAMP TO I-91 NB

Figure P7.1: As Given Plan Elevation

B 1-91 NB TO RT
5/15 NB RAMP |

STEEL INTEGRAL
BENT CAP

CLEARANCE
ENVELOPE
 5/15 SB
LANES

I

| B RT 5/15 SB——

EL. 15.4

MAINTAIN EXISTING

PIER 1 (STA.168+90.00) % 0%

B 1-91 NB TO RT—I
5/15 NB RAMP i
: 48'

STEEL INTEGRAL ‘ ! ‘
STRADDLE BENT | /EL: 6100 (
cAp : ) |
|
|
L CLEARANCE
/—‘ENVELOPE

5/15 = 5/15 SB

RAMP ) LANES
0 n "] p BRT5/15 sB —~

MAINTAIN EXISTING El:; 20.0
CROSS SLOPE

PIER 2 (STA. 171+04.83)

6.5

Figure P7.2: As Given Pier 1 and Pier 2 Elevations
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6.2 PROPOSALS Proposal 7: page 2 of 7

COST AS GIVEN: $39,812,000

Bridge Cost $18,266,000

As Given
TOTAL COST* $39,812,000

*Includes incidentals, contingencies, and minor items.

VE Alternative P7A: Three Span Plate Girder

Construct a three-Span continuous Plate Girder. The spans are 215 feet, 215 feet, and 170
feet. The total Bridge length is 600 feet. Pier #1 is a Straddle Pier and Pier #2 will be a
Hammerhead Pier. The abutment corners will be clipped to accommodate the barrier below.
In addition, the wingwall will be set back to accommodate the barrier below. The width is 51
feet -10 inches. The deck area is 31,098 SE.

B I-91 NB TO RT
5/15 NB RAMP
~— @ NORTH ABUTMENT BRGS

| — @ PIER 1 ~— G PIER 2 (AS GIVEN ¢ PIER 4)
¢ SOUTH ABUTMENT BRGS —— | (AS GIVEN § PIER 2) (AS GIVEN
( [} ) | ¢ PIER 3) ~— B RT. 5/15 SB

aaaaa

1 e

qqqqqq
sssss

e T e e T B—
T T = e — e e e R e

i ——
L P —

Figure P7.3: Three-Span Continuous Plate Girder Bridge

TITTITTT

IR 7T

HAMMERHEAD PIER PIER 2 ALTERNATE

Figure P7.4: Hammerhead Pier Figure P7.5: Pier 2 Alternate
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6.2 PROPOSALS Proposal 7: page 3 of 7

The cost of this Alternate is estimated to be $32,570,000.

Bridge Cost $12,284,000
Total Cost* $27,149,000
Alternative P7A $5.421 000

Additional Wall Cost

$32,570,000

*
TOTALCOST* | (52,062,000 SAVINGS FROM AS GIVEN)

*Includes incidentals, contingencies, and minor items.

VE Alternative P7B - Four Span Plate Girder with Approach Span

Construct a four-Span Continuous Plate Girder. The spans are 215 feet, 215 feet, 170 feet
and 140 feet. Add a 40-foot approach span with precast beams / girders. The total Bridge
length is 780 feet, including the single 40-foot approach span. Pier #2 is a Straddle Pier and
Piers #1, #3 and #4 will be a Hammerhead Piers. The width is 51 feet - 10 inches. The deck
area is 40,428 SE.

B I-91 NB TO RT
5/15 NB RAMP

~  PIER 2 B RT. 5/15 SB
€ PIER 3— G PIER 4 — ¢ NORTH

| | \ ‘ ABUTMENT
B ‘ \ \ BRGS

& SOUTH — — 40' SPAN

ABUTMENT € PIER 1

=

.....

s

Figure P7.6: Four-Span Plate Girder with Approach Span

The cost of this Alternate is estimated to be $36,346,000

@ benesch
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6.2 PROPOSALS Proposal 7: page 4 of 7
Primary Bridge Span $15150,000
Cost
Approach Span Cost $420,000
Bridge Cost $15,570,000
Alternative P7B

Total Cost* $34,410,000

Additional Wall Cost $1,936,000

TOTAL COST* 336,346,000

($3,466,000 SAVINGS FROM AS GIVEN)

*Includes incidentals, contingencies, and minor items.

VE Alternative P7C - Four Span Plate Girder

Construct a four-Span continuous Plate Girder. The spans are 255 feet, 215 feet, 170 feet
and 140 feet. The total Bridge length is 780 feet. Pier #1 is a Straddle Pier and Piers #2, #3
and #4 will be Hammerhead Piers. The width is 51 feet - 10 inches. The deck area is 40,428
SE piers. The width is 51°-10”. The deck area is 40,428 SE.

~— B I-91 NB TO RT
5/15 NB RAMP

~— G PIER 3
¢ PIER 1 ~— ¢ PIER 2 (AS GIVEN ¢ PIER 4)
%B%ﬁ)rajén_r— 255' SPAN (AS GIVEN ¢ PIER 2) (AS GIVEN
BRGS & PIER 3) B RT. 5/15 SB
€ NORTH
ﬁﬁﬁﬁﬁﬁﬁ ABUTMENT

— BRGS

I4 911400 bizeoo  p 913400 914400

R = Tero fE——

Figure P7.7: Four-Span Plate Girder

The cost of this Alternative is estimated to be $37,230,000.
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DEVELOPMENT

Proposal 7: page 5 of 7

Alternative P7C

TOTAL COST*

Bridge Cost $15,969,000

Total Cost* $35,294,000
Additional Wall Cost $1,936,000
$37,230,000.

($2,582,000 SAVINGS FROM AS GIVEN)

*Includes incidentals, contingencies, and minor items.

VE ALTERNATIVE PROPOSAL EVALUATION

Alternative

Advantages

Limitations

As Given

- Has Higher Vertical Clearance
-+ Has Minimum Expansion Joints

- Integral Caps Require More Cranes

to Erect

- May Take Longer Construction Time

VE Alternate P7A

- Shorter Bridge Length
- Plate Girders are Simpler to Erect
- Satisfies Minimum Vertical

Clearance Requirement

- Unconventional Abutment and

Approach Slab.

+ Requires Longer Retaining Walls

VE Alternate P7B

- Shorter Bridge Length
- Plate Girders Are Simpler to Erect
- Satisfies Minimum Vertical

Clearance Requirement

- Has One More Joint than As Given
- Requires Longer Retaining Walls

VE Alternate P7C

- Shorter Bridge Length
- Plate Girders are Simpler to Erect
- Satisfies Minimum Vertical

Clearance Requirement

« One Less Pier

+ Requires Longer Retaining Walls

COST COMPARISON

Figure P7.8: VE Alternative Proposal Evaluation

For the purposes of this cost comparison, unit costs of construction were computed based on
the Preliminary Design cost estimates as shown in the tables, which follow.

@ benesch
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6.2

PROPOSALS

Proposal 7: page 6 of 7

Bridge Cost

Bridge Length 880|Ft

Bridge Width 51.83|Ft

Bridge Area 45610.4|SF

Item Quantity Unit Unit Cost Amount

Excavation 2140( CY 23.40| S 50,076.00
Backfill 7280( CY 45.80| S 333,424.00
HMA So.5 280 FT 94.20| S 26,376.00
S0.25 560 CY 81.00| $ 45,360.00
Strip Seal 50| LB 500.00| $ 25,000.00
Expansion Joint 50 CY 600.00| $ 30,000.00
Bearings 14| LB 2,500.00| $ 35,000.00
Class A Substructure concrete 2460 CY 900.00| $ 2,214,000.00
Class F Deck concrete 2580 FT 804.40| $ 2,075,352.00
Steel Bar 352390 CY 1.20( S 422,868.00
Steel Bar Epoxy 251200 LB 1.40| S 351,680.00
Structural Steel 1| CY 7,840,000.00| $ 7,840,000.00
FurnishingSteel Piles 4457330 LB 0.60| $ 2,674,398.00
Driving Steel Piles 52250( CY 26.00| S 1,358,500.00
Test pile 2| LB 15,750.00| S 31,500.00
Membrane Water Proofing 4960 FT 80.80| $ 400,768.00
Temporary Earth Retension 5140| CY 18.00| $ 92,520.00
Bridge Rail 2040| LB 93.00| $ 189,720.00
Bridge cost S 18,006,822
Construction Cost S 39,812,000
Bridge cost Per SF ) 394.80
Construction Cost per SF ) 872.87

Retaining Wall W103

Total Length 1299|Ft
Wall Cost S 6,359,000

Wall Construction Cost S 12,574,000

Wall Cost S 4,895.30 |Per Ft
Wall Construction Cost S 9,679.75 |Per Ft

Figure P7.9: Unit Cost Comparisons

NOTE: A multiplier of 2.21 was incorporated with the estimated costs to account for minor items, incidentals,
contingencies and inflation. This number was based on the Preliminary Design Estimate prepared by the
Designer.
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6.2 PROPOSALS Proposal 7: page 7 of 7

RECOMMENDATION

The VE Team recommends the implementation of Alternative P7C. Though Alternative
P7A appears to offer greater savings, there are complexities with the design at the north
abutment which make this Alternative undesirable. Likewise, the additional potential

savings associated with P7B are offset by the inclusion of an additional deck joint and
the incorporation of an additional pier. Alternative P7C offers significant cost savings
without these drawbacks and thus is the recommended Alternative.

PROPOSAL COMPARISON COST TABLE
The table below summarizes As Given, Alternative Costs and the Cost Difference between As
Given and the respective Alternatives.

& Op O O
O
O Differe
As Given VE As Designed | VE Proposal o

Alternative 9 P Add'l Co
As Given $39,812,000
Alternative P7A $32,570,000 (+)$7,242,000
Alternative P7B $36,346,000 (+)$3,466,000
Alternative P7C $37,230,000 (+)$2,582,000
Accepted: O Needs Further Study: O
Rejected: O Needs to be Resolved: [1

@ benesch i
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6.3 DESIGN SUGGESTIONS

DS1 -Wide Area Use of Portable Variable Message Signs (VMS): Provide VMS signing to motorists of
construction at all major points for alternate routes south of the construction Area:

o I-91 NB South of I-691

« Route 15 (Wilbur Cross Parkway) South of I-691
« 1-91 South of Route 9

o [-91 South of Route 3 - Putnam Bridge

Figure DS1.1: Variable Message Signs

DS2 - Shoulder Widths Provide consistent, uniform shoulder widths
along the corridor and avoid the varying widths currently proposed.

The suggestion is to provide 4-Foot Shoulders on the Left Side and
Consistent Shoulder Width on the Right Side. Twelve-foot widths are
the standard and desirable; however, if constraints preclude a consistent
use of standard 12-foot lanes, a smaller, consistent width over a longer
stretch is preferable than a zig-in and zig-out effect.

DS3 - Sound Barrier Reuse: The current design includes an
estimated cost for construction of noise barrier walls along Route 5/15
in East Hartford.

The greater part of this cost is associated with reconstruction of portions
of noise barrier walls being shifted due to the addition of a lane to this
stretch of road. It is the understanding of the VE Team that in these
locations, the existing noise barrier walls are intended to be disposed of
with new walls installed.

The VE Team suggests that the designer consider options for reusing the
existing walls were applicable.

Figure DS3.1:Sound Barrier Reuse
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DEVELOPMENT

DS4 - Alternative Pier Construction Concepts: Due to the congested nature of the site, placement of the pier
elements for the new ramp bridge for Exit 29 traffic is restricted. The As Given Alternative incorporates a straddle-
bent to avoid the ramp structure below while the three-span Alternative considered in the Rehabilitation Study
Report consisted two straddle bents.

Figure DS4.1:Cantilever Pier I-355 / I-88 Interchange — Downers Grove, I

In the Chicago area, a similar ramp structure is supported by a cantilever-arm pier which provides some flexibility
for the placement of the foundation relative to the point of support for the superstructure. The VE Team offers this
as a suggestion to be considered by the Design Team if it will afford a benefit to the project.

It is noted that the example provided supported a single lane ramp and further evaluation would be required to
determine if a similar solution would be feasible in this location.

DS5 -Consider Precast Wall Sections for Proposed Cast-In-Place Wall Sections: Evaluate the use of Precast
Concrete Retaining Walls as an alternative to Cast-in-Place Concrete Walls when soils and site conditions are
advantageous.

The proposed approach for site retaining walls is to utilize a combination of wall types, including Mechanically
Stabilized Earth (MSE) walls, as well as, Cast-In-Place (CIP) wall sections. The VE Team suggests that the Design
Team consider the use of precast concrete for the portions of the walls planned to be cast-in-place. Benesch has
successfully utilized this concept in prior projects. The precast footings were erected on 3-inch thick cast-in-
place sub-footing and the 3-inch gap between the bottom of the footing and the sub-footing was filled with high
strength flowable grout. Footings were cast in the plant with protruding dowels and walls are cast with grout filled
mechanical splicers. Figure DS5.1 on the following page shows the connection utilized for this work

@ benesch _
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Benesch utilized this concept for our I-196
project for the Michigan Department of

1 3 20"
Transportation. The erection rate for precast e
. : A A
footing segments was 20 precast footing 3 g w0 TI{ V[
segments per day (12 foot-long segments) Simlated Stomm doscrory -
MECHAHICAL SPLICE
and 20 precast stem segments in the same e o
time frame. The system worked flawlessly AT —l
even though some of the heavier walls have J / i
. . . . EADS BiRS i} {} ? E
many alignment changes. This innovative TN | = il
. 1 T L —
system reduced the construction schedule by e 272 Z o un—
four months. The project included 6,762 feet .f]i‘ e T T
2 E0CT BARS OR Uprooting

long (160,240 square feet) of retaining walls.
The wall height varied from 3 feet -2 inches
to 26 feet - 0 inches. The bid price for this

type was about 15% lower than the cast in Figure DS5.1: Moment Connection with Mechanical Splicers
place concrete wall.

o T T L Y YN s

Figure DS5.2: Precast Concrete Wingwalls

The advantages of this option over CIP walls are as follows:

« Faster Construction
 Better Control of Quality
 Less inconvenience to the travelling motorists

« Potential Cost Savings
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CONCLUSION

CONCLUSION

7.1 CONCLUSION

Alfred Benesch & Company completed a VE Study of State Project No. 63-703 involving the reconfiguration of the
I-91 NB Interchange 29 in Hartford.

The goal of this project is to improve operations at this deficient interchange in order to reduce congestion, which
occurs on a daily basis, and to, in-turn, improve the safety of the traveling public, which utilizes this facility. The
existing interchange includes a ramp, which is under capacity with poor geometry, whose connection to the
Charter Oak Bridge produces an unsafe weave condition.

As a part of the planning phase for the bridge, the CTDOT Concepts Unit investigated many options for improving
this interchange. Due to the level of effort performed by the Department and the time limitations inherent

with a VE Study, the VE Team was not able to identify a uniquely new Alternative for the reconfiguration of the
interchange. Despite this fact, the VE Team chose to perform an independent evaluation of the “short-listed”
Alternatives considered by the State to either validate the chosen solution or to recommend an alternate option
(Proposal P1).

In addition to the evaluation of the overall interchange improvement concepts, the VE Team also looked deeper
into specific components of the proposed design to determine if improvements could be achieved. These included
an evaluation of the ramp configuration (Proposal P2), the widening limits of I-91 NB (Proposal P3), the widening
limits of Route 15 NB (Proposal P4), the cross section of the proposed ramp structure (Proposal P5), the vertical
clearances at bridge structures (P6) and the span configuration of the new ramp structure (Proposal P7).

A summary of the proposals is included on the following page.
Summary

In summary, after completing a detailed evaluation of the project, understanding the goals, and identifying the
various constraints under which this design was conceived, the VE Team has validated the proposed design
concept and several of the specific design components investigated. This validation is indicative of the level

of thought invested by the State in the initial study to find the optimal solution to enhancing this important
interchange.

Beyond the validated concepts, the VE Team has identified several areas where some improvements (in value and
cost savings) may be achieved. These include a consideration of reducing the construction limits along Route

15 and optimizing the cross section and span configuration of the proposed Exit 29 Ramp and associated bridge
structure. Several design suggestions were likewise also offered, which may add value to the project.

Disclaimer

The cost differences developed are based on the design information provided to the VE Team and should not
be considered absolute cost savings guarantees; but rather indicators of potential value magnitudes requiring
further detailed engineering as the project develops.

@ benesch
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PRESENTATION

PRESENTATION PHASE

8.1 INTRODUCTION

HOW DO WE PRESENT OUR
RECOMMENDATIONS?
WHAT ARE THE ROAD BLOCKS?

Prepare to convince decision makers to accept the
study results:

Presentation is client driven: Among the rules that govern the Presentation
Phase are the following:

+ Do not assume that ideas are good

- Demonstrate their worth

1. Common practice is a informal report on the last day of
the workshop

2. A Power Point presentation improves the understanding
of the VE Proposals

8.2 PRESENTATION
The following presentation was made to CTDOT on June 1, 2016.

@benesch -
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o June 1, 2016
Thanks
PROJECT DESIGNER-
CME SUB-CONSULTANTS

George Jacobs, PE
Dale Spencer, PE
Jay Koolis, PE
Bryan Busch, PE
Rick Canavan, PE
Chuck Eaton, PhD

HW Lochner, Inc.
VN Engineers, Inc.
Freeman Companies, Inc.

croor | o1
State Project 1 63-703

Benesch VE Approach

Good features
of As Designed are validated

Opportunities to enhance _
Value are illustrated
Potential improvements ‘ _

are suggested
) 2. T

Thanks

CTDOT CTDOT — Design
Quality Assurance Timothy M. Wilson, PE
Mary K. Baier, PE Susan M. Libatique, PE
Gerard J. Graci Sebastian A. Cannamela, PE
Eric J. Tallarita, PE Meredith L. Andrews, PE

‘ croor | 11-91 Northbound Interchange 29
State Project #63-703

VE Team
Project Manager: James L. Fuda, PE
VE Team: Alfred J. Tomaselli IV, PE, PTOE, AVS (Facilitator)

Muthiah Kasi, PE, SE, CVS (Life)
James L. Fuda, PE

Steven J. Drechsler, PE

Jeffrey A. Koerner, PE

Stephen R. Ulman, PE

() @ croor | 11:91 Northbound |

5
State Project # 63-703

VE Job Plan

= o croor | | 191 Northbound Interch

State Project # 63-703
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Information Phase

e Owners

S Owner
Financially res 13 a1 Traffic
project ~
13 Route 15 Traffic
o Users | 14 Exit 29 Traffic
Activelyuses 15 Local Businesses User
project 16 UPS
o Stakehold: 17 Brainard Airport stokeholder

Affected, concerned, or habits
will change due to the project

‘ croor | 1191 9
State Project # 63-703

Function Logic Diagram

How? Why?
Basic What am I doing?

Function

Why am | doing it?

Assur How reliable is it?
Dependability

Task  —f

pewConvenients There is no technical reason.

Am | doing it to satisfy someone?

T}

Stakeholders |
How attractive is it?

Customer-Oriented
Function Logic Diagram

Attract
T stakeholders

o croor | it s
! tate roject 63.703

Information Phase

Constraints

Legal requirements,
standards, site conditions

Needs

Expectations that must

be fulfilled if constraints &

are not violated ni Desire
17 91 NB - Provide 12° Lane:

. 18 Foute 15 - Provide 11° Lanes
.
Desires 19 Route 15 - Provide 12° Lanes

Need

Constraint

Expectatid 20 £ 29 Famps - Frowde 11 tanes
be fulfilled 2LExL23 Ramgs - Provde 12' Lanes

22 191 N - 10" Right Shoulder
not a factc 23 11 e - 12 fight Shoulder
24 191 NB - 6 Left Shoubder

mnzalzalzam

o 30"

CTDOT | Value Engineering Study | I-91 Northbound Interchange 29
State Project # 63-703

Function Logic Diagram

Increose .
Exit 29 Ramp -
Capacity &= =

Minimize
Conflicts = ==

Increase COB
NE Capacity

ili
I ;
i il
af o e
i 12'——’7‘]
.

1191 Northbound Interchs
State Project # 63-703

Function Logic Diagram

(X0

[ d croor | 1191

9
State Project # 63-703

Function Analysis

As Given

Basic Functions: $71.01M 25.7%
Enhancing Functions

Assure Dependability $96.01M 34.8%
Assure Convenience $35.21M 12.7%
Satisfy Stakeholders $71.91M 26.0%
Attract Stakeholders  $2.06M  0.8%

CTDOT | Value Engineering Study | I-91 Northbound Interchange 29

=i @

State Project # 63-703
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Speculation Phase

Idea generation / outside-the-box thinking

13 Exit 79 - Witlen Existing Bridgo
14 Exit 20 - Replace Existing Bridge and Widen to 2 Lanes

15 Exit 29 - Ebminate

16 Exit 29 - Longthon Decel and Separate With Median Barrier
17 £4it 29 - Lengthen Decel Lane

14 Exit 20 - Mo Build Canfiguration

19 Exit 29 Lokt Exit With 1 Lane

160 IDEAS

Evaluation Phase

Ideas generated are screened for consideration and grouped
into proposals and design suggestions.

13 Exit 29 - Widen Existing Bridge B

14 Exit 29 - Replace Existing Bridge and Widen to 2 Lanes. 5
15 Exit 29 - Eliminate R4
16 Exit 29 - Lengthen Decel and Separate With Median Barrier s
17 Exit 29 - Lengthen Decel Lane

18 Exit 29 - No Build Configuration R4
19 Exit 29 - Left Exit With 1 Lane RS
20620 29 4 ekt Shoulides

[ et 29 1 Lanes 5

Teht Shoulder

It

‘ cToor | 1191
State Project # 63703

‘ croor | 1191 Northbound
State Project #63-703

Proposal Development

Alternatives

| As Given

Compare

As Given is more suitable
than Alternatives

Alternative is more
suitable than As Given

Enough data is Not enough data is
available to available to
demonstrate its demonstrate its
value value

Validation

| Design
Suggestion

‘ cToor | 1191
State Project # 63-703

Proposal P1

Evaluation of CTDOT
Interchange Alternatives

croor | 11-91 Northbound
State Project # 63-703

P1 — Evaluate CTDOT Alternatives

The VE Team performed a re-evaluation of the
following concepts considered by CTDOT during the
planning phase:

e CTDOT Alternative 8B (As Given)
e CTDOT Alternative 4

e CTDOT Alternative 6C

e CTDOT Alternative 6D

[ ‘ croor | 1191
State Project # 63-703

As Given — CTDOT Alternative 8B

1191 Northbound Interch:
State Project # 63-703

= o croor |
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Decision Matrix — Alternate 8B

Decision Matrix

e ;
. As Given
A

State Project # 63-703

CTDOT Alternative 4

‘ croor | 1191 Northbound
State Project # 63-703

Decision Matrix — Alternate 4

Decision Matrix
CTDOT Alt 4

¢ == &R

©

State Project # 63-703

Decision Matrix — Alternate 6C

Decision Matrix
CTDOT Alt 6C

CTDOT Alternative 6C

‘ croor | | 191 Northbound
State Project # 63703

— . ——
‘ croor | 1191
state Project # 63703

CTDOT Alternative 6D

‘ croor | 1 191 Northbound Interchange 29
State Project # 63-703
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Decision Matrix — Alternate 6D

Decision Matrix
CTDOT Alt 6D

State Project # 63-703

Proposal P1

Performance / Acceptance / Cost
Evaluation

‘ croor | 1191 Northbound Interchange 29
State Project # 63-703

Performance Criteria

Criteria Ranking - Performance
rls| 3 :
k| 3
s : E E £ |4 E

THHE

£ % 2 g &

= 2
1 [Minimize Weaving | o | o ' =
2 |Reduce Congestion 1 1 1 1 1
3 [Maintai 1 [ 1 1 o
4 |MPT o o o ¥ [:]
5 |Provide Adequate Geometry 1 o 1 1 1
Rank 4 1 3 s 2
[ Weight of Importance 7 | 1 7 5 D0

croor | 1191
State Project # 63-703

Performance Rating

vy .
Good =3 % Z
Satstactory = 2 £3
Poor =1 =
Unscesptatie =0 3 » |3 i 3 H Ll
SHEIEE E(&8| £ |28| & [£2| 2|58
& o & & s 2| & s Z| & g 2| & s 3
1 Minimize Weaving 7 3 21 2 14 s £ 2 14 2 14
2 Reduce Congestion w4 0 o o 4 4“0 35 35 3 30
3 Maintain Movements T 5 35 5 35 5 35 2z 14 5 35
4 MPT 5 |35)175| 5 s 3 15 3 15 3 15
5 Provide Adequate Geometry 8 4 n 2 16 4 32 3 24 2 16
Total Weighted Rating 37 | 4550 90.00 157.00 102.00 110.00
Average Weighted Rating 393 243 a4 276 257

‘ croor | | 191 Northbound Interchange 29
y State Project # 63703

Acceptance Criteria

Criteria Ranking Chart - Acceptance

i i E

i,
Critaria. g ] § '_E
1R ; g
i § : i
1 o o 1 o
1 ] 1 o
1 1 1 1 1
o o o a o
1 1 0 1 1
4 | 3 | 1 s 2
s | 3 w] s s

[ ‘ croor | 1191

State Project # 63-703

Acceptance Rating

: ]
5 7 7 7 i
sl o Rl il |

Bol w Bl o e =|Ey
AR
F F = =

{1 \Comtructabiity 30 2 |12 4 | 2a 42

2 e e Consiructon w| 2|6 a[n]|a]=n

3 |river satistaction w|a[w|[s|[=n][s]n

4 |Accommodate Expansion ns|[ss [ws| 2 [w]z2]w

5 Envirommental Permitting w|s3[a|la[n]a]=n

[Total Weighted Rating 13250 10950 12800 | 12800

[verage Weighted Rating 358 296 346 345

= ‘ CTDOT | Value Engineering Study | 1-91 Norlh;c;::n: ,‘Zfilf?fé‘i EZ
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Cost Criteria Rating Summary and Sensitivity Analysis
| Cost Ranking Chart
L |
5D 5 l
¥ w-: o 4
s i t
N
] i =
r—p e 4 f
7 F———— -
, . Millon Dollars C
@ ‘ cTooT | 1191 eI m: - ‘ CTDOT | Value Engineering Study | I-91 Nonhsbtm‘)nd\ re::agﬁéz
Recommendation (Validation) Proposal P2

VE Team validates the As Given design concept
(CTDOT Alternative 8B) based on the following

reasons: Maintain the 1-91 NB Exit 29
¢ Significant Improvement to Traffic Operations Ra m p on th e EX|St| ng

e Reduces Congestion

¢ Minimizes Weave on Charter Oak Bridge A||gn m ent

¢ Cost Savings over Alternative 4.

‘ coor | 1181 9 ‘ ot | 1 1-81 Northbound Interch:
! State Project #63-703 SoteProean 65703

P2 — Maintain the I-91 NB Exit 29 Ramp on the

Existing Alignment As Given
As Given: Two-Lane Left Diverge As Given: Exit 29 Two-Lane Left Diverge
VE Alternative P2A: Widen Ramp to Two Lanes on Existing o Exit 29 Exits 1-91 on Left Side
Geometry

e Two-Lane Ramp
VE Alternative P2B: Widen Ramp to Two Lanes on New

Vertical Geometry o Exit 29 Enters Route 5/15 on Left Side

VE Alternative P2C: Single Lane Ramp / Move Diverge .

Improves Weave on Charter Oak Bridge
Decision Point South

[ d cToor | 1191 9 () d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29
State Project # 63-703 State Project # 63-703
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As Given

‘ croor | 1191 Northbound
State Project #63-703

As Given

Advantages

e Adds a Lane to the Exit 29 Ramp

o Treats Exit 29 as a Major Highway Fork
¢ Flattens the Vertical Grade

* Improves Weave on Charter Oak Bridge
Limitations

* Most Expensive Option

o Left Exit

VE Alternative P2A

VE Alternative P2A: Widen Ramp to Two Lanes on
Existing Geometry

* Maintain Current Ramp Configuration
* Add Lane to Ramp

¢ Two-Lane Exit from 1-91, Two-Lane Entrance to Route 5/15

d croor | 1191 29
State Project # 63-703

croor | 91 Northbound Interchs
State Project # 63703

VE Alternative P2A

SADEN BRIDSE FaF)

croor | 1191

State Project  63-703

VE Alternative P2A

Advantages
* Adds a Lane to the Exit 29 Ramp

Limitations

* Does Not Improve Weave on Charter Oak Bridge
¢ Does Not Eliminate the 5% Grade on the Ramp

¢ Does Not Lengthen Exit 29 Queue Storage

1 191 Northbound Interchange 29

o croor |
tate Project #63.703

VE Alternative P2B

VE Alternative P2B: Widen Ramp to Two Lanes on New
Vertical Geometry

¢ New Ramp with Shallower Vertical Grade
e Two-Lane Ramp

e Two-Lane Exit from I-91, Two-Lane Entrance to Route 5/15

{ ‘ croor | 1191 2
f State Project # 63703
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VE Alternative P2B

WAEN BRIDGE (R e

[ ] croor | 101
State Project # 63-703

VE Alternative P2B

Advantages
¢ Adds a Lane to the Exit 29 Ramp
¢ Flattens the Vertical Grade

Limitations
¢ Does Not Improve Weave on Charter Oak Bridge
¢ Does Not Lengthen Exit 29 Queue Storage

VE Alternative P2C

VE Alternative P2C: Single Lane Ramp / Move Diverge
Decision Point South

¢ Maintain Single Lane Ramp
¢ Move |-91 NB Exit South, Route 5/15 Entrance Ramp North
® Lessen Vertical Grade

* Separate Traffic at 95t Percentile Location

‘ croor | 11-91 Northbound Interchange 29
State Project #63-703

cror| 191
State Project # 63-703

VE Alternative P2C

Advantages
¢ Lengthens Exit 29 Queue Storage

Limitations
¢ Does Not Improve Capacity of Ramp.
¢ Does Not Improve Weave on Charter Oak Bridge

croor | 11:91 Northbound I

Recommendation (Validation)

VE Team validates that the As Given Alternative
(Two-Lane Left Diverge) should be adopted due
to the following reasons:

* Adds a Lane to the Exit 29 Ramp
¢ Flattens the Vertical Grade
* Improves Weave on Charter Oak Bridge

5
State Project # 63-703

[ ‘ croor | 1191
State Project # 63703

Proposal P3

I-91 Capacity Improvements

= o croor | | 191 Northbound Interch

State Project # 63-703
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P3 —1-91 Capacity Improvements

As Given: Widen I-91 Northbound to Four Lanes

VE Alternative P3A: Minimize I-91 Northbound Widening

’ cToor | 1191
State Project # 63703

As Given

As Given: Widen 1-91 Northbound to Four Lanes
e Extend Fourth Lane from Exit 27 Through Exit 29
¢ Widen Structures for Fourth Lane

As Given

Advantages

¢ Improves Traffic Operations

* Meets Capacity Needs for the Anticipated 2039 Traffic
Volumes

Limitations

¢ Widening of Three of the I-91 Bridges

e Construction of Retaining Walls to Avoid Environmental
and ROW impacts

‘ croor | 1191 Northbound Interchange 29
State Project # 63-703

croor | 1191

State Project # 63-703

VE Alternative P3A
VE Alternative P3A: Minimize 1-91 Northbound Widening

¢ Limit Widening to Lane Addition Length Needed for Two-Lane
Diverge

¢ Widen Bridges as Needed

VE Alternative P3A

Advantages
¢ Eliminates Need to Widen Two of the I-91 Bridges
¢ Eliminates a Retaining Wall (Wall 101)

Limitations

¢ Short 3-Lane Segment Between Two 4-Lane Segments

* Does Not Provide Capacity to Accommodate Anticipated
2039 Traffic Volumes

[ ‘ croor | 1191
State Project # 63703

Costs
Alternative Construction Cost
As Given $36,741,000
Alternative P3A S 7,068,000

- ‘ oot | 1 191 Northbound Interch:

State Project # 63-703
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PRESENTATION

Recommendation (Validation)

VE Team validates the As Given design (Widen
1-91 Northbound to Four Lanes) should be
adopted due to the following reasons:

¢ Improves Traffic Operations
* Meets Capacity Needs for the Anticipated 2039 Traffic
Volumes

@ avor| B
State Project # 63-703

P4 — Revise Route 15 Eastern Project Limit

As Given: Widen to East of Silver Lane

VE Alternative P4A: Widen to West of Silver Lane

a croor | incer J191
State Project # 63-703

As Given

Advantages
¢ Extends 3 Lane Section as Long as Possible
* Lane Drop Further from Exit 91

Limitations
* Requires Widening of Bridge No. 05976
¢ Relocate / Replace Recently Constructed Noise Barrier

a croor | 191
State Project # 63703

Proposal P4

Revise Route 15 Eastern
Project Limit

e croor | 1 1-91 Northbound
State Project # 63-703

As Given

As Given: Widen to East of Silver Lane

* Widen to Accommodate Three Lanes

¢ Match Existing Two Lanes 300’ East of Bridge No. 05796
* Noise Barrier Reconstruction

e croor | i 11-91 Northbound
2 State Project # 63703

VE Alternative P4A

VE Alternative P4A: Widen to West of Silver Lane
* Match Existing Two Lanes on Route 15 West of Silver Lane
* Avoid Widening of Bridge 05796

* Avoid Sound Barrier Reconstruction East of Silver Lane

a croor | 1191 Northbound
State Project # 63-703

10
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VE Alternative P4A

Advantages
e Eliminates Widening Bridge 05796
¢ Eliminates Relocating Noise Barrier over Silver Lane

Limitations
¢ Lane Drop Closer to Exit 91

‘ croor | 1191 Northbound Interch; 9
State Project # 63-703

Costs
Alternative Construction Cost
As Given $12,812,000

Alternative P4A SO

- ‘ CTDOT | Value Engineering Study | 191 Northbound Interchange 29
State Project # 63703

Recommendation

VE Team recommends that VE Alternative P4A
(Widen to West of Silver Lane) should be
adopted due to the following reasons:

¢ Eliminates Widening Bridge 05796
* Eliminates Relocating / Reconstructing Noise Barrier over
Silver Lane

o croor | | 51 Northbound nterchange 29
! tate roject 63.703

Proposal P5

New Exit 29 Bridge
Typical Section

P5 — New Exit 29 Bridge Typical Section

As Given:
12' Left Shoulder, 12' Lanes, 12' Right Shoulder

VE Alternative P5A:
4' Left Shoulder, 12' Lanes, 10' Right Shoulder

VE Alternative P5B:
4' Left Shoulder, 11' Lanes, 10' Right Shoulder

‘ cToor | | 1-81 Northbound Interchange 29
State Project # 63-703

As Given
As Given:
12' Left Shoulder, 12' Lanes, 12' Right Shoulder
MTSHIDR_ 2 w12
LANE LANE SHLDR

e 12’ Left Shoulder

¢ Two 12’ Lanes
e 12’ Right Shoulder

) @ croor | | 191 Northbound Interch

State Project # 63-703

= d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29
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PRESENTATION

As Given VE Alternative P5A
Advantages VE Alternative P5A:
¢ Provides Maximum Shoulder Widths 4' Left Shoulder, 12' Lanes, 10' Right Shoulder

¢ Exceeds Design Criteria 4’ Left Should
. el oulder

4 o 1z ) 12 10
Limitations SHLDR LANE LANE SHLDR
¢ Inconsistent shoulder widths compared to downstream * Two12’lanes ‘
and upstream roadways

e 10’ Right Shoulder

¢ Forces Shifting of Route 5/15 Mainline and Exit 89
&) » o [Ere— = P ————

VE Alternative P5A VE Alternative P5B
Advantages VE Alternative P5B:
* Consistent Shoulder Widths with Upstream Roadway 4' Left Shoulder, 11' Lanes, 10' Right Shoulder
* Meets Design Criteria
* Potential to Improve Geometry along Route 5/15

o 4’ Left Shoulder

L3 i 11 w

« Narrower Shoulder Could Affect Traffic Flows due to High ¢ Two 11’ Lanes

Truck Volumes -
¢ 10’ Right Shoulder

croor 1:91 Northbound Interchange 28 croor 191 Northbound | 9
hibe bound Interch:
State Project # 63-703 State Project # 63-703

@
Limitations SHLDH | i' LANE |7 LANE | SHLDR |

VE Alternative P5B Costs
Advantages Alternative Construction Cost
e Consistent Shoulder and Lane Widths with Upstream

Roadway As Given $38,489,400
* Potential to Improve Geometry along Route 5/15

o Alternative PSA  $30,918,900

Limitations
* Narrower Shoulders Could Affect Traffic Flows due to High A|ternative PSB $29 431 000

Truck Volumes ’ ’
* Narrower Lanes Could Affect Traffic Flows due to High

Truck Volumes
* Does not Meet Design Criteria — Design Exception

Required

[ d coor | 1191 Narm;n:n:" te ‘:63 702 = d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29

State Project # 63-703
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Recommendation

VE Team recommends that VE Alternative P5A
(4" Left Shoulder, 12' Lanes, 10' Right Shoulder)
should be adopted due to the following
reasons:

e Consistent Shoulder Widths with Upstream Roadway
* Meets Design Criteria
* Potential to Improve Geometry along Route 5/15

“ croor | 1-91 Northbound Interchange 29
State Project # 63-703

Proposal P6

Vertical Clearance Alternates
at I-91 Underpasses

- d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29
State Project # 63-703

Existing Conditions

Existing Under-Clearances

Bridge Description Existing
No. Clearance

00813 1-91 over 13'-10”
Route 5/15

01466 1-91 over I-91 14-0”

TR827

00480 1-91 over 13-11”

Airport Road

<@ croor | | 51 Northbound nterchange 29
State rojoct 63,703

P6 — Vertical Clearance Alternates at I-91 Underpasses

As Given:
Increase Under-clearance at Bridges to 14’-6”

VE Alternative P6A:
Maintain Minimum Under-clearances by using
Shallower Beams

VE Alternative P6B:
Replace Superstructures to Meet 14’-6” Clearance

As Given

As Given:
Increase Under-clearance at Bridges to 14’-6”

¢ Lower Roadway Profile Below Bridge Structures
¢ Minimize Beam Depths for Widening

¢ Meet 14’-6” Minimum Vertical Clearance

‘ cToor | | 1-81 Northbound Interchange 29
State Project # 63-703

) @ croor | | 191 Northbound Interch

State Project # 63-703

As Given

Advantages
* Meets the 14’-6” Under-clearance

e Limits Superstructure Costs

Limitations
¢ Potential Utility and Drainage Impacts

¢ Greater Traffic Impact on Roadways Below

= d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29
State Project # 63703
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VE Alternative P6A

VE Alternative P6A:
Maintain Minimum Under-Clearances by Using
Shallower Beams for Widening

¢ No Roadway Reconstruction Under Bridges

e Use Shallower Beams than Existing for Widening

e Match Existing Minimum Vertical Clearance

“ croor | 1-91 Northbound Interchange 29
State Project # 63-703

VE Alternative P6A

Advantages

¢ No roadway construction under bridge
¢ Less impact to traffic below bridge

* No impact to utilities below bridge

e Cost Savings

Limitations
* Does not improve existing clearance issues

¢ Only applicable to Bridge No. 01466

VE Alternative P6A

Bridge Loss of Clearance Potential Potential

No. (Cross Slope and Reduction in Solution?

Profile Below) Beam Depth
00813 8.19” 4.52" No
01466 4.44” 10.39” Yes
00480 13.28” Minimal No
o ! DO ki eS| £ Norhbound orrg 29

<@ croor | | 51 Northbound nterchange 29
State rojoct 63,703

VE Alternative P6B

VE Alternative P6B:
Replace Superstructures to Meet 14’-6” Clearance

Replace Superstructures to Meet 14’-6” Vertical Minimum
Clearance

Minimize Beam Depth — Consider Continuous Beams Where
Applicable

No Roadway Reconstruction Under Bridges

If needed, raise beams to meet required clearance.

VE Alternative P6B

Advantages
¢ Meets the 14’-6” Under-clearance

* New Bridge Structures (Current Structures Built in 1961)

Limitations
¢ Highest Cost Alternate

¢ Significant Construction Impacts to 1-91

‘ CTDOT | Value Engineering Study | I-91 Northbound Interchange 29
State Project # 63-703

) @ croor | | 191 Northbound Interch

State Project # 63-703

Costs

Alternative Construction Cost

As Given $35,474,000
Alternative P6A $34,860,000
Alternative P6B $58,400,000

= d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29
State Project # 63703
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Recommendation (Validation)

VE Team recommends that the As-Given
Alternate should be adopted due to the
following reasons:

¢ Improves Bridge Underclearances to 14’-6”

¢ Limited Impact to I-91 Traffic

e Reduced Cost as Compared to Superstructure Replacement
Alternate (P6B)

‘ croor | 1191 9
State Project # 63-703

Proposal P7

Optimize Span Configuration

- ‘ CTDOT | Value Engineering Study | 191 Northbound Interchange 29

State Project # 63-703

P7 — Optimize Span Configuration

As Given:
Five Span Continuous Trapezoidal Box Girder
VE Alternative P7A:
Three Span Continuous Plate Girder
VE Alternative P7B:
Four Span Continuous Plate Girder with an
Approach Span
VE Alternative P7C:
Four Span Continuous Plate Girder

‘ cTooT | 1191 9
i State Project # 63-703

As Given

As Given: Five Span Continuous Trapezoidal Box Girder
e Spans—140’, 215", 215’, 170’ and 140’
¢ Bridge Length — 880’

e Piers #1, #3 and #4 — Concrete Wall Piers with Steel Integral
Bent Caps

e Pier #2 —Straddle Pier

As Given
Ha TRl S ren 2 & pin T30 R, [ s
1 X = - #
140’ 215 215 | 170
L ] i - e = T

T SLS RN T L1 A
RORISED BT, 515
o AR TO 191 B

FEER_1_{5TA. 168296.00)

‘ croor | | 191 Northbound Interchange 29
State Project # 63-703

=l @ croor |

As Given

Advantages
e Higher Vertical Clearance
e Minimum Expansion Joints

Limitations
¢ Integral Caps Require More Complicated Erection
¢ Longer Construction Time

= d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29

State Project # 63-703
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VE Alternative P7A VE Alternative P7A

iet et

1§ MoRTH AmumemsT pass
§en 2 Taa e §
memna | he v

VE Alternative P7A: Three Span Continuous Plate Girder

soums s mics
s Givin § e

g g

e Spans-—215’,215" and 170’

Bridge Length — 600

e Pier #1 — Straddle Pier

* Pier #2 —Hammerhead Pier

HAMMERHEAD PIER PIER 3 ALTERNATE

‘ cTooT | 1191 9 - ‘ CTDOT | Value Engineering Study | 191 Northbound Interchange 29
State Project # 63-703

State Project # 63-703

VE Alternative P7A VE Alternative P7B

Advantages VE Alternative P7B: Four Span Continuous Plate Girder
¢ Shorter Bridge Length

* Simplifies Construction of the Bridge

* Satisfies Minimum Vertical Clearance Requirement

with an Approach Span

e Spans—215’, 215, 170" and 140" + 40’ Approach Span

Limitations  Bridge Length — 740’ and single 40’
¢ Unconventional Abutment and Approach Slab
e Longer Retaining Walls e Pier #1, #3 and #4 — Hammerhead Pier

e Pier #2 —Straddle Pier

‘ coor | 1181 9 ‘ ot | | 1-81 Northbound Interchange 29
! State Project #63-703 State Project #63-703

VE Alternative P7B VE Alternative P7B

P Advantages
/ \ e Shorter Bridge Length
‘ R « Simplifies Construction of the Bridge
[ w:’::_ A s S o Satisfies Minimum Vertical Clearance Requirement
[ | CRER 3 g ey
A Limitations

* One More Joint than As-Given
¢ Requires Longer Retaining Walls

= @ croor | 101 9 = o CIDOT | Value EngineeringStudy | -91 Northbound nterchange 29
tate Project 63.703 State Project# 63.703

16
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VE Alternative P7C VE Alternative P7C
VE Alternative P6C: Four Span Continuous Plate Girder

PEn 3
fnm £, 2 Ds et ¢ prem 4y
{ s

e

e Spans-—255’,215’, 170" and 140’ . LS

S GIVER § PIER 2}

o s

[T

Bridge Length — 780’

* Pier #1 —Straddle Pier

Piers #2, #3 and #4 — Hammerhead Pier

@ “ CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29 - d CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29

State Project # 63-703 State Project # 63-703

VE Alternative P7C Costs

Advantages Alternative Construction Cost
e Shorter Bridge Length

« Simplifies Construction of the Bridge As Given $39 812.000
o Satisfies Minimum Vertical Clearance Requirement ’ ’

* OneLess Pler Alternative P7A  $32,570,000
Limitations

¢ Requires Longer Retaining Walls Alternative P7B 536,346,000

Alternative P7C $37,230,000

croor 191 Northbound Interchange 29 CTDOT | Value Engineering Study | I-91 Northbound Interchange 29
gineering Study e
State Project # 63-703 State Project # 63-703

Recommendation Design Suggestions

VE Team recommends that VE Alternative P7C » DS1: Extensive use of Portable Variable Message Signs
(Four Span Continuous Plate Girder) should be
adopted due to the following reasons:

DS2: Shoulder Widths

DS3: Sound Barrier Reuse

¢ Shorter Bridge Length
* Simplified Construction e DS4: Alternative Pier Construction Concepts
e Satisfies Minimum Vertical Clearance Requirement
¢ One Less Pier e DS5: Precast Concrete Wingwalls
[ d coor | 1191 Narm;z::z"o"sn: g m; = e CTDOT | Value Engineering Study | 1-91 Northbound Interchange 29

State Project # 63-703
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PRESENTATION

DS1 — Extensive Use of Portable Variable Message Signs

¢ Provide VMS signing to Motorists of construction at key

DS2 - Shoulder Widths

¢ Investigate Providing Consistent Shoulder Widths Between

interchanges south of the construction area: Connected Roadways,

1-691 / Route 9 / Route 3 (Putnam Bridge)
Example: I-91NB to Exit 29 to Route 15(Charter Oak

Bridge

cTooT | 1191 9 - ‘ cTooT | 11-91 Northbound Interch:
State Project # 63703

State Project # 63-703

DS2 — Shoulder Widths DS2 - Shoulder Widths

1-91 Shoulders * 1-91 Shoulder Widths * Route 5/15

 Right Shoulder Width varies 10’ to 12’
o Left Shoulder width varies 6’ to 12

Route 5/15 Shoulders
* Right Shoulder Width varies 10’ to 12’
o Left Shoulder Width varies 4’ to 12’ . Route 5/15
Shoulder Widths
Exit 29 Shoulders -
* Right Shoulder Width 12’ ‘ ..:fn

o Left Shoulder Width Varies 4’ to 12’

‘ croor | J191
State Project # 63-703

croor | 1191 Northbound Interchs
State Project # 63-703

DS3 — Sound Barrier Reuse DS4 — Alternative Pier Construction Types

Alternate Pier Concept:

¢ Consider Reuse of Materials from the Newer Noise Barrier
Wall Installations

1-355 / 1-88 Interchange — Downers Grove, IL

CTDOT | Value Engineering Study | I-91 Northbound Interchange 29

“ cToor | 1191 9 - ‘
State Project # 63-703 State Project # 63-703

@ benesch R
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DS5 — Precast Concrete Retaining Walls

Precast Concrete Cantilever Walls

¢ Precast Stem and Footing with Grout
Sleeve Connection

* Up To 26’ Height

« Consider for use in lieu of cast-in-place
concrete wall sections.

* 15% Cost Savings over cast-in-place walls

based on past experience

CTOOT | Value Engineering Study | 191 North bound Interchangs 26
State Project § 63703

Summary

croor | 1191

State Project # 63-703

Action Plan

* Proposals are subject to one of the following when
the report is submitted:
— Accepted
— Rejected
— Accepted for further Technical Feasibility
— Accepted for further Resolution
— Accepted for future Project Considerations

[ ‘ croor | 1191

State Project # 63-703

DS5 — Precast Concrete Retaining Walls

« Benesch Project — 1-196 / Baldwin Interchange — Grand
Rapids, Ml

* 6,762 LF of Wall (160,240 SF)

* Approx. 250 LF of walls erected in two days

1 1-91 Northbound
State Project # 63-703

VE Study Savings

Evaluation of CTDOT Interchange

P | Altematives simcoaeon | Velidation s ®
Maintain the 191 NB Existing Exit 829

P2 | on the Existing Alignment Alternative | sa79.000.9099 | Vaidation © ®

gy | M1 Capacity Improvements | e = o

my | Revise Route 15 Bastern Project it | g, 0 w0 saszfiagon | emazfizoon
New Exit #29 Brid) ical Section

Py e Tyl 138,485,000 | 330,918,000 | +87570,500 447,579,508
Vertical Ciearance lssues at 191

6| Underpasses sisizio00 | Vabdation » ©

Eo RN [(CFtRae Spen Conluation s3a813,000 | s3a3,000 | +snghaoce | +43.583000

‘ croor | | 191 Northbound
State Project # 63703

1191 Northbound Interch:

‘ croor | 9
State Project # 63-703




APPENDIX A: AGENDA

APPENDIX A

AGENDA

Value Engineering Study

#63-703 - 1-91 (NB)-Interchange #29, Hartford and East Hartford

Benesch Project # 70325.04 — Task Assignment # 4

Project Manager: Jim Fuda, PE
Facilitator: Al Tomaselli, PE, PTOE, AVS
VE Team: Muthiah Kasi, PE, CVS (Life)

Steve Drechsler, PE
Steve Ulman, PE
Jeff Koerner, PE
Jim Fuda, PE

MONDAY - May 23, 2016

Information Phase

08:00

09:00

09:15

10:15

11:00

13:00

14:00

14:30

15:30

15:45

16:00

17:30

Benesch Team convenes at Glastonbury office
Meeting at CTDOT (Newington)

Introductions: Intro of VE Team

Project Description / Presentation
Questions of VE Team
End of Designers Presentation, Site visit

Return to Benesch office for working lunch.
Review Cost Estimate, Traftic and other Design Data

List Owners, Users, and Stakeholders

Design Team review existing data at Benesch offices
Break — 15 minutes

Complete and wrap up Owners, Users, and Stakeholders
List Constraints, Needs, and Desires

Begin Function Analysis
Define and Finalize Project Functions

17:55 Wrap up and Next Steps

18:00

Note: VE Team to e-mail CTDOT questions for the Designer (if any)

@ benesch
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Adjourn

CTDOT, Designers, VE Team

M Baier/CTDOT
J Fuda/ Benesch

Designers
VE Team
VE Team

VE Team
VE Team

VE Team and Designer

VE Team
VE Team

VE Team

Facilitator

1|Page
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Value Engineering Study

#63-703 - I-91 (NB)-Interchange #29, Hartford and East Hartford
Benesch Project # 70325.04 — Task Assignment # 4

TUESDAY - May 24, 2016 VE Team

Information Phase (cont’d)

07:15 Team arrives at Benesch Glastonbury Office VE Team
07:30 Complete Function Analysis VE Team
09:00 Develop Function-Logic Diagram VE Team

10:15 Break — 15 minutes
10:30 Function Cost Evaluation VE Team
12:00 Lunch (working)/continue Function Cost Evaluation VE Team

Speculation Phase

13:00 Complete Function Cost Evaluation VE Team

14:00 Speculation VE Team
The VE Team will have a creative session for the
purpose of generating as many ideas as possible for
alternative ways to perform the functions defined
during the Information Phase.

15:15 Initial Screening VE Team
The VE Team will review all ideas generated and
Eliminate those that violate stakeholder or project
Constraints.

17:55 Wrap up and Next Steps Facilitator

18:00 Adjourn




APPENDIX A: AGENDA

Value Engineering Study

#63-703 - I-91 (NB)-Interchange #29, Hartford and East Hartford
Benesch Project # 70325.04 — Task Assignment # 4

WEDNESDAY — May 25, 2016 VE Team

Evaluation Phase

07:15 Team arrives at Benesch Glastonbury Office VE Team

07:30 Grouping of Ideas/Identification of Proposals VE Team
The VE Team will group the ideas remaining from the
Initial Screening into proposals for development and
evaluation and assign proposals to individuals and begin
proposal evaluation.

09:00 Proposal Development VE Team
Upon completion of the Grouping of Proposals, the VE
Team will identify specific Value Engineering Proposals
and Design Suggestions.

Concurrent with the development of specific Value
Engineering Proposals, the Draft Value Engineering
Report will be worked on.

11:00 Proposal Evaluation VE Team
Each individual or VE Team will begin evaluating
individual proposal with preparation of rough sketches,
estimates, pros and cons, and develop preliminary
Performance Acceptance and Cost Criteria.
Templates to be provided.

11:45 CTDOT will be briefed on the status of the findings of Facilitator/PM
the VE Study and offer preliminary comments. VE Team
will continue with proposal development.

12:00 Lunch

13:00 Continue work on Proposals and Design Suggestions VE Team

18:00 Adjourn

3|Page
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Value Engineering Study

#63-703 - [-91 (NB)-Interchange #29, Hartford and East Hartford
Benesch Project # 70325.04 — Task Assignment # 4

THURSDAY- May 26, 2016 VE Team

Development Phase

07:15 Team arrives at Benesch Glastonbury Office VE Team

07:30 Prepare Proposals and Design Sections (cont’d) VE Team
Concurrent with development of specific VE Proposals,
Design Suggestions and continuation of the preparation
of the Value Engineering Report.

Preparation of draft Presentation PowerPoint concurrent  Facilitator
with VE Team developing VE Proposals and Design

Suggestions.
12:00 Lunch
13:00 Continue work on Proposals and Design Suggestions VE Team
15:00 Complete Proposals and Design Suggestions VE Team
Proposals and Design Suggestions in Final Draft form
16:00 Break All
16:45 Dry Run of Presentation, set speaker timing VE Team
18:00 Adjourn — study and presentation completed VE Team

Note: due to the Memorial Day holiday weekend the presentation will be done on Wednesday, June 1
Wednesday — June 1, 2016 VE Team (CT)

Presentation Phase

08:15 Leave Glastonbury Office for CTDOT (Newington) VE TEAM (CT)
09:00 Presentation at CTDOT (Newington) VE TEAM (CT)

12:00 Adjourn
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APPENDIX B

ATTENDANCE LIST

The following is list of personnel who attended the CTDOT/Designer presentation to the VE Team on May 23,
2016.

STATE OF CONNECTICUT

?ﬁ DEPARTMENT OF TRANSPORTATION g@‘
=5

Date: 23-May-16
Location:  DOT - Newington Conf Rm G328 - 9am to 12pm

63-703 Hartford - 1-91 NB interchange 29
Design Team presentation to VE team

Project No:
Meeting Description:

@ benesch
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Day1
Name Organization Phone No. E-Mail Address
, _Mary Baier DOT - O0C- Quality Assurance (860) 594-3256 mary.baier@ct.gov
X)i Jerry Graci DOT - OOC- Quality Assurance (860) 594-3257 gerard.graci@ct.gov
‘J Eric Tallarita DOT - OOC- Quality Assurance (860) 594-3545 eric.tallarita@ct.gov
Jan Mazeau DOT - O0C- Quality Assurance (860) 594-2674 janetmazeau@ct.gov
Nick Ozkan DOT - OOC- Quality Assurance (860) 594-3222 nick.ozkan@ct.gov
/3 FEED SRS / CEAECH A ) S
MUTHIBH PENERY Mo s) € @ &m( seh o]
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ATTENDANCE LIST
The following continues the list of personnel who attended the CTDOT/Designer presentation to the VE Team on
May 23, 2016.

Date:
Location:

Project No:
Meeting Description:

&

23-May-16

DOT - Newington Conf Rm G328 - Sam to 12pm
63-703 Hartford - 1-91 NB interchange 29

STATE OF CONNECTICUT

DEPARTMENT OF TRANSPORTATION

Design Team presontation to VE team

Day1

)

N
O

¢ PLASL INVITE METT
C Einnl VE geroas flSe ST,

Name Organization Phone No. E-Mail Address |
LIV EATI CME- G027 HO0 | CENTONE CrIEEAKINERRING . <874
TBEYEN JBuscit Cpt= 2904 00| Lb@crmea .Co
Dol Nawd] Dot Dk | Huink Rt | 8005245 20 | dpavell .t G
C Srorrlree! pOT 0P " lgeo 5792918 |Lakeses Segr/@er Eod
S\k\f\?\, o DT comicha B CSHY6rs | Tehn - Rurz < CTigay’
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ATTENDANCE LIST
The following is list of personnel who attended the presentation of the study by the Benesch VE Team on June 1,

2016.

STATE OF CONNECTICUT
DEPARTMENT OF TRANSPORTATION

i

=
Date: 1-Jun-16
Location: DOT - Newington Conf Rm G328 - 9am to 12pm
Project No: 63-703 Hartford - 1-91 NB interchange 29
Meeting Description: VE team revoal
Day §
Name Organization Phone No. E-Mail Address
mw‘ary Baier DOT - O0C- Quality Assuraﬁce (860) 594-3256 mary.baier@ct.gov
\fl‘erry Graci DOT - OOC- Quality Assurance (860) 594-3257 gerard.graci@ctgov
Eric Tallarita DOT - O0OC- Quality Assurance (860) 594-3545 eric.tallarita@ct.gov
Jan Mazeau DOT - O0C- Quality Assurance (860) 594-2674 janet mazeau@ct.gov
Nick Ozkan DOT QO0C- Quality Assurance (860) 594—3222 nick.ozkan@ct.gov
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