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Introduction

The Wisconsin Department of Transportation (WisDOT) is currently conducting two projects in
proximity to the US 41 interchange with US 10 and WIS 441 in Winnebago County. Both projects cover
the same section of US 41 from CTH II to south of CTH BB, including the system interchange between
US 41 and WIS 441.

The purpose of this technical memorandum is to identify and document design project items that may
conflict with the planning study layout that with minor adjustments could match the layout resulting in
potential cost savings, less impact to local businesses and less impact to the traveling public in future
construction.

The first project is the US 10-US 41-STH 441 Interchange (Project ID 1517-07-00), a reconstruction of the
US 10/WIS 441 system interchange with US 41. The design project seeks to expand capacity of WIS 441,
reconstruct the first four services interchanges east of Little Lake Butte des Morts and improve the system
interchange with US 41. The project is currently in the design phase and planned for construction during
multiple years starting in 2014 through 2019.

The second project is the US 41/WIS 441 Operational Needs Study, a planning study of US 41 from the
Breezewood interchange in Winnebago County, through Outagamie County, to just south of the CTH F
interchange in Brown County. The planning study is being compiled for use by WisDOT staff to develop
a program of short to long term improvements leading to a potential expansion of US 41 corridor from
Neenah to De Pere. The concepts developed in the report are intended to provide a conservative footprint
and cost estimate with a planning level understanding for subsequent environmental assessment and
public review during a future National Environmental Policy Act (NEPA) study. The planning study
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seeks to identify the potential layout, obstacles and costs to expand US 41 by one lane each direction
through the majority of the corridor. The planning study is evaluating operational needs through year

2038.

Both projects require similar lane configurations along US 41
north of CTH II to south of CTH BB (See figure 1). The design
project is adding new lanes adjacent to and tying into existing US
41 southbound and northbound pavement but is not addressing
US 41 Interstate design standard requirements for the remaining
existing pavements. Specifically, the design project is not
addressing the median including the inside shoulder, since the
project is not reconstructing them (Refer to Draft 60% plan
Proposed Typical Sections in Attachment A). The existing
median is 26-feet.

The planning study is using a wider median width of 36.5-feet,
matching the US 41 Brown County Corridor reconstruction. The
proposed section provides two 14-feet inside shoulders with
single face median barrier which could be used as HOV lanes
along US 41 if needed. Although the 14-foot shoulders exceed
the minimum 12-foot inside shoulder requirement for Interstate
design standards, this is not overly conservative to assume a
median this wide at the planning stage. The US 41 mainline cross
section in the northern 8-miles of US 41 Winnebago County
reconstruction used a 12-foot shoulder with a median section of
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Figure 1

approximately 35-feet or slightly wider in most all cases indicating that a wider median has been used on

both ends of this corridor.

When this segment of US 41 mainline is reconstructed at future date as part of the planning study, the
wider proposed median will push the driving lanes further out (Refer to planning study proposed typical
sections in Attachment B). The following items have been identified for consideration within the design
project and are recommended for further evaluation as their implementation would have potential long

term costs savings, less impact to local businesses, and less impact to the traveling public:

e Relocate American Drive further to the west

e Relocate retaining walls R-70-106 and R-70-112 further to the west

e Relocate retaining wall R-70-110 further to the east

e Relocate retaining walls R-70-113 and R-70-114 further to the west
e Widen bridge B-70-129 (US 41 Southbound over CTH II) to accommodate the planning section
e US 41 Southbound Exit Ramp improvements at CTH II ramp terminal and WB acceleration lane
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Design Considerations

The following discusses each design project item recommended for further evaluation giving estimated
base costs, costs for relocation to accommodate the proposed planning study typical section, total costs for
both projects should the recommendation not be incorporated, as well as potential risks associated with
relocation since the planning study project is only at a planning level of design.

Relocate American Drive further to the west

After initial review of the design plans, strip takings or temporary easements along American Drive are
anticipated for tying in driveways and performing some minor improvements to parking lot areas from
grading impacts. Existing parking lot pavement areas do encroach on the frontage road property and will
have to be addressed with the design project. No acquisitions or relocations are anticipated for the work
along American Drive. Complete street pedestrian and bicycle accommodations may be required based
upon Trans 75 requirements. Base costs for American Drive reconstruction are $196.500.

Moving the American Drive frontage road further to the west makes additional room for the retaining
walls R-70-106 and R-70-112 along the US 41 Southbound outside shoulder to incorporate the planning
study cross section. By moving American Drive and accommodating the future section, further impacts
to businesses or the traveling public along the frontage road could be minimized or avoided during the
expansion project. Moving the roadway further to the west will require additional roadway reconstruction
at the south and north ends and additional impacts to the parking lot area. An additional 600-foot of
roadway is estimated at the south and an additional 150-foot of roadway is anticipated at the north end.
The roadway section shown in Attachment A (Proposed Typical Sections) was used to calculate the added
roadway costs. An additional 5-foot of parking lot impact was estimated for the additional parking lot
costs. As shown in Attachment F, the additional costs to relocate American Drive now to accommodate
the planning project section are estimated to cost $110,500, resulting in a total cost of $307,000.

If American Drive is constructed as shown in the design plans now, and then reconstructed in the future
to accommodate the planning study cross section, the total costs would approach $503,500 for both
projects combined, resulting in an additional $196,500 in construction costs. Some costs savings from
reusing materials could be assumed but are not included within this total cost.

Relocate retaining walls R-70-106 and R-70-112 further to the west

Top of wall elevations were estimated using profile grade elevations on the draft 60% design plans and
calculating proposed flow line elevations at the wall locations. Ground line elevations in front of the wall
face were provided by the design team. Wall heights and resulting retaining wall square footages were
calculated from the data. The base costs for constructing R-70-106 and R-70-112 are estimated at
$558,000 and $111,000 respectively.

Relocating retaining walls R-70-106 and R-70-112 to incorporate the proposed study cross section will
require the walls to move out an additional 5.25-foot and would minimize future retaining wall
demolition and reconstruction costs (Refer to Attachment C - Typical Section Showing Impacts). At R-
70-106, the US 41 mainline fill is higher than the adjacent American Drive frontage road. Additional
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embankment fill will be required for the relocation but is considered within the retaining wall cost as
structural fill. Also, the wall is anticipated to be slightly taller and longer due to 3:1 slopes along American
Drive. At R-70-112, the American Drive frontage Road fill is higher than the US 41 mainline Southbound
lanes. The retaining wall will have a fence along the top for freeway access control and the concrete
barrier will be placed in front or made part of the retaining wall along US 41. Additional common
excavation will be required to move the retaining wall R-70-112 further to the west otherwise no
additional retaining wall costs for size differential is assumed. The additional cost (See Attachment F) to
relocate retaining walls R-70-106 and R-70-112 are $131,000 and $3,000 (cost of further common
excavation) respectively.

If retaining walls are constructed as shown in the design plans now, and then demolished and
reconstructed in the future to accommodate the planning study cross section, the total costs would
approach $1,355,000 and $260,000 respectively for R-70-106 and R-70-112, an increase of $666,000 and
$146,000 respectively. In addition to higher construction costs, another disadvantage to reconstruction
later would be impacts to the businesses along American Drive and to the traveling public using American
Drive.

There are a couple of different risks to consider for relocating the retaining walls to accommodate the
planning section in this area. The US 41 mainline currently has a substandard horizontal curve located
near North Green Bay Road having a radius of 1763’ and a minimum desired radius of 2050’. The
planning study’s expansion design concept drawing shows the alignment modified to meet the minimum
desired radius. This shifts the US 41 mainline alignment over 10’ to the east in addition to the required
widening. The existing superelevation for this curve is 6.0% and the proposed superelevation of the new
curve is also 6.0%. The proposed curve ends south of the American Drive retaining wall, but the
superelevation transition will run along the retaining wall for some distance. The new curve or
superelevation transition may require some reconstruction or rehabilitation of the retaining wall if placed
in planning study’s anticipated permanent configuration.

Relocate retaining wall R-70-110 further to the east

Wall heights and resulting area was determined similarly to other retaining walls above. Retaining wall R-
70-110 is located along the outside shoulder of US 41 Northbound near the Conway Freight parking lot.
The draft 60% design plans currently show the retaining wall a distance of 10-feet away from the property
line. The base cost for constructing R-70-110 is estimated at $169,000.

Relocating retaining wall R-70-110 to incorporate the proposed study cross section will require the wall to
move out an additional 5.25-foot and would minimize future retaining wall demolition and
reconstruction costs (Refer to Attachment C - Typical Section Showing Impacts). Moving the retaining
wall outward will move it to within approximately 4 to 5 feet from the property line. Additional
embankment fill will be required for the relocation along with the wall being slightly taller and longer due
to 3:1 slopes along US 41 Northbound. The additional cost to relocate the retaining wall R-70-110 is
$84,000 (See Attachment F), totaling $253,000.
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If the retaining wall is constructed as shown in the design plans now, and then demolished and
reconstructed in the future to accommodate the planning study cross section, the total costs would
approach $491,000, or $238,000 of additional costs.

This section is within a normal crown section but may be subject to vertical profile grade improvements
for US 41 northbound mainline. A risk associated with constructing the retaining wall at the proposed
location is that the future grades may not match well into the constructed retaining wall concrete barrier
and flow line locations.

Relocate retaining walls R-70-113 and R-70-114 further to the west

Retaining walls R-70-113 and R-70-114 are located between the County II southbound on- and off-ramps
and US 41. The draft 60% design plans show the retaining walls along US 41 Southbound lanes in line
with the outside shoulder concrete barrier and tying into the required widening of bridge B-70-129. Wall
heights and resulting areas were determined similarly to other retaining walls above. The base cost for
constructing R-70-113 and R-70-114 are estimated at $32,000 and $285,000 respectively.

Relocating retaining walls R-70-113 and R-70-114 to incorporate the proposed study cross section will
require the walls to move out an additional 5.25-foot and would minimize future retaining wall
demolition and reconstruction costs (Refer to Attachment C - Typical Section Showing Impacts).
Moving the retaining wall outward will make the retaining walls closer to the gore area of the ramps and
should be evaluated further to determine if there are any impacts to the ramp lateral clearance
requirements or if adjustments in grading could be made to minimize any added length to the retaining
walls. Additional embankment fill will be required for the relocation but is considered within the
retaining wall cost as structural fill. The additional cost to relocate retaining walls R-70-113 and R-70-114
are $14,000 and $75,000 respectively, totaling $46,000 and $360,000.

If retaining walls are constructed as shown in the design plans now, and then demolished and
reconstructed in the future to accommodate the planning study cross section, the total costs would
approach $88,000 and $705,000 respectively for R-70-113 and R-70-114 (See Attachment F), for an
additional cost of $42,000 and $345,000 respectively.

There are a couple of different risks to consider for relocating the retaining walls to accommodate the
planning section in this area. The future expansion project intends to improve any deficient vertical
grades or superelevation along US 41. The curve just to the south of the CTH II interchange has a
substandard superelevation of 3.0% rather than the required 3.4% using current design standards. The
superelevation run-out transition length for this curve may impact the top of retaining wall elevations.
This may require the barrier and top slab to be adjusted within the future expansion project if constructed
to accommodate the planning study section now.

Widen bridge B-70-129 (US 41 Southbound over CTH II) to accommodate the planning section
At B-70-129, the US 41 Southbound structure over CTH II, the design project is proposing to use a 70-
foot wide bridge clear distance. The existing bridge width is 56-feet requiring the bridge to be widened
14-feet. In addition to the 14-feet widening, the existing bridge deck will have to be removed to the
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outside girder, which is an additional 3.25-feet for the cantilever, totaling 17.25 feet. With the new
parapet (1.5-feet) included, the bridge will need to be widened 18.75-feet. The base cost for widening
structure B-70-129 is estimated at $548,000.

The Planning Study assumes that B-70-129 will also be rehabilitated during the US 41 reconstruction
project. The current bridge was built in 1994 and is anticipated to still have remaining life at the time the
planning project is constructed. Traffic growth along CTH II prior to the design year of 2038 does not
require any additional lanes. The CTH II section under the bridge has a wide terrace area, approximately
18-feet, that could accommodate any additional widening for bike lanes on the roadway with terrace
sidewalks or combined pedestrian and bike facilities within the terrace areas. The bridge currently has a
minimum vertical clearance of 16.75-feet and with the widening is anticipated to remain in excess of 16-
feet as required for bridge rehabilitations (FDM 11-35 Attachment 1.9). To accommodate the new
planning roadway section, or essentially the widening of the median since we will have the same number
of through lanes, that results in an additional widening of 5.25-feet. By widening the bridge further
outward during the current design project, additional widening costs for removing the deck back to the
exterior girder could be avoided in the future. The additional cost required to widen bridge B-70-129 an
additional 5.25-feet is $197,000 (See Attachment F) for a total of $745,000.

If the bridge is widened as shown in the design plans now, and then the deck removed to the outside
girder and widened to accommodate the planning study cross section in the future, the total costs would
approach $848,000, or an additional $103,000.

Similar risks to the retaining wall discussion above on how the substandard superelevation and new
superelevation requirements may impact the top of retaining wall elevations, the superelevation run-out
transition may impact the bridge deck top of slab elevations for the reconstruction project. This could be
accommodated by a polymer overlay completed with the future reconstruction project bridge
rehabilitation since the crown point would need correction anyways.

CTH II Interchange — Southbound Exit Ramp

The planning study developed four sets of short to intermediate-term alternatives for the CTH II
interchange. Alternative 1 addresses existing safety and operational issues of the US 41 mainline within
the interchange area. Alternative 2 addresses traffic operations at the ramp terminal intersections.
Subsequent work identified local road improvements at the CTH II and Green Bay Road intersection that
would benefit traffic operations of CTH II, but were deemed to be outside the jurisdiction of WisDOT.
Alternatives 3 and 4 developed roundabout options for the CTH II intersections at the ramp terminals
and Green Bay Road.

Alternative 2 was identified in the planning study as most cost-effectively meeting the needs of the
interchange. This alternative includes the following improvements:

e Add second SBL at SB exit ramp terminal

e Add continuous WBR from Green Bay Road to NB ramp terminal
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e Add second NB entrance ramp lane
e Additional improvements at CTH II and Green Bay Road intersection to be coordinated with
locals

Table 1: Planning Study Recommended Improvements for CTH II Interchange

Improvement Timeframe Interaction with Design Project | Recommendation

2" SBL at SB exit ramp Approximately e SBexit ramp being Retiming signal can

and subsequent relocation | 2038 designed as 2 lanes maintain acceptable

of SBR e Helps postpone need for | operations for SB ramp
2" EBL at NB ramp terminal through 2038.
terminal, which would Incorporate existing
impact NB ramp design | geometry at ramp

e Reduce queueing on SB terminal for current

exit ramp design effort.

Continuous WBR from Prior to 2038 Minimal No action

Green Bay Rd to NB ramp

2" NB entrance ramp Prior to 2038 NB entrance ramp being designed | Already incorporated

lane as 2 lanes

Green Bay Road Prior to 2038 Minimal No action

intersection

improvements

The HCM Signalized Intersection Capacity Analysis shown in Attachment D provides the SB ramp
terminal intersection turning movement projections and associated level of service. As shown the SB
approach has a level of service in the D or E range, depending upon the signal timings. Also note the NB
ramp terminal level of service, which has movements at E and F. Further refinement of the proposed
interchange design is required prior to making a determination of geometric needs.

Additional costs associated with adding the ramp to include a second southbound lane on the exit ramp
and CTH II westbound acceleration lane including any signal modifications are anticipated to be less than
$100,000. This cost is essentially the same if done with the design project or if completed with the future
expansion project since it is moving the cost forward.

Additional US 41 Southbound Pavement Areas

If the retaining walls (R-70-106, 110, 112, 113 and 114) are constructed to accommodate the planning
study cross section, the design project will require additional concrete pavement between the required
lane addition and the newly placed retaining wall. This will be an added 5.25-foot of concrete pavement
for the required length of Southbound and Northbound US 41. This is not required if the retaining walls
are currently placed as shown. The base cost is $0 with the additional cost required at approximately
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$172,000 (See Attachment F). These pavement costs would be considered throw away costs because the
planning study expansion project would reconstruct this pavement area again in the future.

Other Considerations

Retaining Wall Staged Construction Methods

Staged construction methods were considered for relocated retaining walls to accommodate both the
proposed flow line elevations and the future flow line elevations once vertical grade issues such as profile
grade adjustments, different superelevation, or superelevation transitions are considered.

One staged method considered would construct a temporary cast-in-place concrete cap that would be
removed and replaced by a permanent footing and parapet during the future project. This option would
be constructed along with an outside concrete barrier adjacent to the proposed design project pavement.
This option was not considered further due to some of the negatives associated with it. First, the outside
shoulder concrete barrier would require a dual storm sewer system, one for draining the location at the
current flow line and one for draining the location adjacent to the retaining wall location. Secondly, the
temporary cap will need a fence along it since there is no barrier (or guard rail). These added costs will
reduce the benefit of moving the retaining walls out. Maintenance issues and a temporary fence on the
outside of temporary cap would also need to be considered prior to implementation.

Another method considered would be to construct the permanent retaining wall footing only, use an
outside shoulder concrete barrier that would be removed with the existing pavement during the future
project, and place the new parapet on the retaining wall during the future project. This option was not
considered further for the same drainage and temporary fence reasons as above. The flow line needs to be
located in a permanent location to avoid any further drainage or temporary fence costs.

Another method was considered which would construct the temporary retaining wall footing and parapet,
but will require the footing and parapet to be removed and replaced during the future project to
accommodate the new flow line grades based upon new profile grade, superelevation, etc. This would
only apply to fill retaining wall sections along US 41 mainline, not R-70-112 which is a retaining wall in
cut. The additional costs for demolition and reconstruction of the retaining wall footing and parapet cost
approximately $676,000.

If the retaining wall footing was constructed to be permanent and used with a temporary parapet that
would require removal and replacement during the future project to accommodate the new flow line
grades based upon profile grade, superelevation, etc., the additional costs for demolition and
reconstruction of the retaining wall parapet would reduce to approximately $286,000.

Bridge B-70-129 Substructure widening

In lieu of the complete bridge widening mentioned above, only the bridge substructure could be widened
to accommodate the proposed study cross section and tie into the proposed retaining walls mentioned
above. Bridge superstructure widening construction could occur during the future expansion project.
Any superelevation transition or crown correction required due to shifting the US 41 SB mainline crown-
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point location may impact the bridge but could be accounted for in a routine polymer overlay for bridge
maintenance during the expansion project.

Potential complications that could arise with this option are the additional barrier transition that would
be required to tie the temporary retaining wall parapet and bridge parapets together. The temporary
retaining wall parapets mentioned above would need to remain on the retaining wall alignment, which is
along the future project flow lines. Drainage will need to be worked out for these transition areas,
specifically on the north side since the transition is not as big of an issue on the exiting side of the bridge.
This option was not taken any further since it will cost an additional $103,000 to widen the bridge for the
second time (the cost of replacing the cantilever area for the second widening) and it only cost $197,000 to
widen to the future project during the design project.

Cost Summary

The table below summarizes how much the design project base cost will be for each considered item (See
Cost Summary Table Column A). The total cost for reconstructing American Drive, constructing
retaining walls R-70-106, 110, 112, 113, and 114 and widening B-70-129 is $1,899,500. To incorporate
additional costs to accommodate the planning study cross section, an additional $886,500 will be required
during the design project (See Cost Summary Table Column B). To implement the planning study items,
the adjusted design project cost for these items would be $2,786,000 (See Cost Summary Table Column
C), or approximately 47% more than the base costs. If the planning study items for are not implemented
and the design project is constructed as currently shown and the planning study reconstructs these items
as needed for the proposed section, the total project cost is $4,250,500 (See Cost Summary Table Column
D). If the planning study items are implemented, there is a potential savings of $1,279,000 (See Cost
Summary Table Column E).
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Cost Summary Table

Planning Study A B C D E

Item for Further | Design Additional Cost | Adjusted Design | Cost to Construct | Potential

Consideration Project to incorporate Project Cost and Reconstruct | Savings
Base Cost | Planning Study (A +B) (D-C)

American Drive $196,500 $110,500 $307,000 $503,500 $196,500

Relocation

Relocate $558,000 $131,000 $689,000 $1,355,000 $666,000

Retaining Wall R-

70-106

Relocate $111,000 $3,000 $114,000 $260,000 $146,000

Retaining Wall R-

70-112

Relocate $169,000 $84,000 $253,000 $491,000 $238,000

Retaining Wall R-

70-110

Relocate $32,000 $14,000 $46,000 $88,000 $42,000

Retaining Wall R-

70-113

Relocate $285,000 $75,000 $360,000 $705,000 $345,000

Retaining Wall R-

70-114

Widen Bridge B- $548,000 $197,000 $745,000 $848,000 $103,000

70-129

CTHII $0 $100,000 $100,000 $0 | -$100,000

Interchange

Considerations

Additional US 41 $0 $172,000 $172,000 $0 | -$172,000

Southbound

Pavement Area

Retaining Wall $0 $285,500 $285,500 $0 -285,500

Parapet Rehab

Total $1,899,500 $886,500 $2,786,000 $4,250,500 | $1,179,000

All above costs shown are calculated in 2013 dollars and do not consider inflationary costs for future
construction expenses.
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Recommendations
The following planning study items are recommended for implementation:

e [tis recommended to relocate American Drive to the west during the design project to allow the
most flexibility for the future planning study reconstruction project.

e [tis recommended to move retaining wall R-70-112 outward a minimum of 5.25-feet to
accommodate the roadway planning section.

e Unless an adequate retaining wall temporary parapet detail can be determined through further
structural evaluation to accommodate the future grade changes at the top or retaining wall flow
line, then potential costs savings will not be realized and relocating retaining walls is not
recommended.

e The structure B-70-129 should be widened similarly to what is decided for the adjacent retaining
walls since they will be tied together at the bridge wing wall locations.

e For the CTH II Southbound ramp and CTH II acceleration improvements, it is not recommended
to implement these improvements during the design project since traffic operations are not
warranted until approximately the design year of 2038.

List of Attachments

Attachment A - USH 10-US 41-STH 441 Interchange Draft 60% Plans (Select Pages)
Attachment B - Planning Study Typical Section

Attachment C - Typical Section Showing Impacts

Attachment D -CTH II Interchange HCM Signalized Intersection Capacity Analysis
Attachment E - Conceptual Parapet and Footing Details

Attachment F - Cost Calculations
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Attachment B

Planning Study Typical Section

Technical Memorandum - 41/441 Operational Needs Study
Considerations for the WIS 441 Design Project
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Attachment C

Typical Section Showing Impacts

Technical Memorandum - 41/441 Operational Needs Study
Considerations for the WIS 441 Design Project
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|
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TYPICAL FINISHED SECTION
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|
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2 TOPSOIL, SEED, FERTILIZER & MULCH . 2.3 & VARIES 0'-12' 12 12 , 12 12 , g L2
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(DOWELEED AND TINED)
5" HMA PAVEMENT

6" BASE AGGREGATE DENSE F/4-INCH (TYP)

TYPICAL _FINISHED SECTION
USH 4158

STA 12335B+64 TO STA 124658+82

R s
TOPSON, SEED, FERTILIZER & MULCH £ 2 12 12 12 12 12 9 i
. ] CONCRETE BARRIER
| 2 2 SINGLE-FACED
CRUSHED AGGREGATE
CONCRETE BARRIER BASE COURSE
TYPE S37 o 1
. % 2% "T"‘—-—:_—_f'-"———._r_.___—_i_i_-_-___ (_I _:
: —— K v o, 9 v, =L 4 ___ - —-]-_.|:_
s = . N SIS ---——-=IIIIzIZZTTITTe-- Lo TN
/_\__,f_ﬂ;__’._‘—-—l—ﬁ : T T T T T e CTIIIID BT
OO O 5 TU
(@?O favBr O (Y s \_ 1
Y
by \ | CONCRETE PAVEMENT 1-INCH
NATURAL ) 16" BREAKER RUN | DOWELED AND TINED) T T
GROUND |
| TIE BAR (TYP)
|
4 !
521 10
—
FLAT |
" L.
l I RETAINNG WALL Pank 6" BASE AGGREGATE DENSE U/a-INCH (TYP}
VARIES
OOR &
RETAINING WAL
TOPSOIL, SEED, FERTILIZER & MULCH
A e
NATURA 1
ou
Ny 5 .
Z3fsTh 125358+00 - STA 125458+04
STA 12565B+16 - STA 126258+25 TYPICAL FINISHED SECTION
Howp
STA 12465B+82 - STA 1254S8+04
STA [256SB+16 - STA 1264SE+89
R |
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TOPSOIL. SEED,

FERTILIZER & MULCH . 2 12

VARIES

12

12

12!

-1
2 1YP)

CONCRETE BARRIER
TYPE S32

,ﬂ§§€ﬁ$ﬁ§%i%é§Qflﬁk§%f §§P

o

ND
TOPSOIL, SEED, FERTILIZER & MULCH

|
NATURAL % _NATURAL \—ls" BREAKER RUN |
OUND GROUN ; [
& |
SRR ' = i
)
2
K-20-ll2 —x3
FLAT
RETAINING WAL|
VARES
OO0R &
CONCRETE Haf
TYPE 537 T¢
|
STA J2945B+50 TO STA 12975B+00
L 2s |
RETAINING WALL PARAPYT
RETAINING waL] < =
~
- <
NATURAL o TOPSOIL. SEED, FERTILIZER & MULC ,535
GROUND R_-m_ e _ N ‘?; |
s I
1 %j |
f |
Wkt - I
L
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e
FEAT % STA 12775B+2 A 123|ess+ o
8' |
NATURAL

3.7 M, 4

5" HMA PAVEMENT

BASE AGGREGATE DENSE ¥,-INCH OR
BASE AGGREGATE DENSE 1Y-INCH

3-INCH BASE AGGREGATE DENSE ¥,-INCH

6" BASE AGGREGATE DENSE 1'/4-INCH (TYP)

TYPICAL FINISHED SECTION

STA [29858+50 - STA 13025B+67

USH 41SB

STA 126458+89 TO STA 12675B+50
STA 27058464 TO STA 13025B+67

CONCRETE BARRIER
SINGLE-FACED

CRUSHED AGGREGATE
BASE COURSE
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Attachment D

CTH II Interchange HCM Signalized Intersection
Capacity Analysis

Technical Memorandum - 41/441 Operational Needs Study
Considerations for the WIS 441 Design Project



HCM Signalized Intersection Capacity Analysis

3:41 SB ON/41 SB OFF & CTH Il (Winchester Rd.) 1/11/2013
A ey ¢ ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 44 [l b 44 < [l
Volume (vph) 0 567 215 117 439 0 0 0 0 555 0 395
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 095 100 100 095 1.00  1.00
Frt 1.00 085 1.00 1.00 1.00 0.85
Flt Protected 1.00 100 095 1.00 095 1.00
Satd. Flow (prot) 3539 1583 1656 3312 1752 1568
Flt Permitted 1.00 100 025 1.00 095 1.00
Satd. Flow (perm) 3539 1583 436 3312 1752 1568
Peak-hour factor, PHF 08 08 08 08 08 08 08 08 08 08 08 0.6
Adj. Flow (vph) 0 659 250 136 510 0 0 0 0 645 0 459
RTOR Reduction (vph) 0 0 197 0 0 0 0 0 0 0 0 174
Lane Group Flow (vph) 0 659 53 136 510 0 0 0 0 0 645 285
Heavy Vehicles (%) 2% 2% 2% 9% 9% 9% 1% 1% 1% 3% 3% 3%
Turn Type NA Perm D.P+P NA Perm NA  Perm
Protected Phases 16 58 5816 6
Permitted Phases 16 16 6 6
Actuated Green, G (s) 150 150 330 380 300 300
Effective Green, g (s) 17.0 170 30.0 340 320 320
Actuated g/C Ratio 0.21 0.21 038 042 040 040
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 752 336 377 1407 700 627
v/s Ratio Prot c0.19 0.06 ¢0.15
v/s Ratio Perm 0.03 0.07 0.37 0.18
v/c Ratio 088 016 036  0.36 092 045
Uniform Delay, d1 305 257 179 156 228 176
Progression Factor 1.00 1.00 0.77 0.26 1.00 1.00
Incremental Delay, d2 11.2 0.2 0.5 0.1 19.5 2.4
Delay (s) 417 259 143 4.1 423 200
Level of Service D C B A D B
Approach Delay (s) 37.3 6.3 0.0 33.0
Approach LOS D A A C
Intersection Summary
HCM 2000 Control Delay 28.0 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 75.5% ICU Level of Service D
Analysis Period (min) 15
¢ Critical Lane Group
2038 AM 7:00 am 1/8/2013 Baseline Synchro 8 Report
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HCM Signalized Intersection Capacity Analysis

6: 41 NB OFF/41 NB ON & CTH Il (Winchester Rd.) 1/11/2013
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations b 44 44 [l < [l

Volume (vph) 344 778 0 0 338 449 218 0 230 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 4.0 4.0 4.0 2.0 4.0 4.0

Lane Util. Factor 1.00 095 095 1.00 1.00  1.00

Frt 1.00 1.00 1.00 0.85 1.00 0.85

Flt Protected 095 1.00 1.00  1.00 095 1.00

Satd. Flow (prot) 1736 3471 3252 1455 1556 1392

Flt Permitted 037 1.00 1.00  1.00 095 1.00

Satd. Flow (perm) 673 34171 3252 1455 1556 1392

Peak-hour factor, PHF 083 08 08 08 08 08 08 08 08 08 08 083

Adj. Flow (vph) 414 937 0 0 407 541 263 0 277 0 0 0

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 181 0 0 0

Lane Group Flow (vph) 414 937 0 0 407 541 0 263 96 0 0 0

Heavy Vehicles (%) 4% 4% 4%  1M1% 1% 1% 16% 16%  16% 1% 1% 1%

Turn Type D.P+P NA NA  Free Perm NA  Perm

Protected Phases 412 2412 2 1

Permitted Phases 2 Free 1 1

Actuated Green, G (s) 370 430 15.0  80.0 250 250

Effective Green, g (s) 39.0 420 170  80.0 2710 270

Actuated g/C Ratio 049 052 0.21 1.00 034 034

Clearance Time (s) 6.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0

Lane Grp Cap (vph) 633 1822 691 1455 525 469

v/s Ratio Prot c0.19  ¢c0.27 0.13

v/s Ratio Perm c0.13 0.37 0.17 0.07

v/c Ratio 065  0.51 059 037 050 0.0

Uniform Delay, d1 182 124 284 0.0 21.1 18.9

Progression Factor 0.85 1.03 0.70 1.00 1.00 1.00

Incremental Delay, d2 1.2 0.1 1.1 0.6 3.4 1.0

Delay (s) 16.6 128 20.9 0.6 245 198

Level of Service B B C A C B

Approach Delay (s) 14.0 9.4 221 0.0

Approach LOS B A C A

Intersection Summary

HCM 2000 Control Delay 14.0 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.69

Actuated Cycle Length (s) 80.0 Sum of lost time (s) 23.0

Intersection Capacity Utilization 75.5% ICU Level of Service D

Analysis Period (min) 15

¢ Critical Lane Group

2038 AM 7:00 am 1/8/2013 Baseline Synchro 8 Report
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HCM Signalized Intersection Capacity Analysis

3:41 SB ON/41 SB OFF & CTH Il (Winchester Rd.) 1/11/2013
A ey ¢ ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 44 [l b 44 < [l
Volume (vph) 0 596 370 170 654 0 0 0 0 409 0 431
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 095 100 100 095 1.00  1.00
Frt 1.00 085 1.00 1.00 1.00 0.85
Flt Protected 1.00 100 095 1.00 095 1.00
Satd. Flow (prot) 3539 1583 1656 3312 1752 1568
Flt Permitted 1.00 100 019 1.00 095 1.00
Satd. Flow (perm) 3539 1583 332 3312 1752 1568
Peak-hour factor, PHF 08 08 08 08 08 08 08 08 08 08 08 0.6
Adj. Flow (vph) 0 693 430 198 760 0 0 0 0 476 0 501
RTOR Reduction (vph) 0 0 312 0 0 0 0 0 0 0 0 198
Lane Group Flow (vph) 0 693 118 198 760 0 0 0 0 0 476 303
Heavy Vehicles (%) 2% 2% 2% 9% 9% 9% 1% 1% 1% 3% 3% 3%
Turn Type NA Perm D.P+P NA Perm NA  Perm
Protected Phases 16 58 5816 6
Permitted Phases 16 16 6 6
Actuated Green, G (s) 200 200 430 480 200 200
Effective Green, g (s) 220 220 400 440 220 220
Actuated g/C Ratio 028 028 050 055 028 028
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 973 435 480 1821 481 431
v/s Ratio Prot c0.20 0.10  ¢0.23
v/s Ratio Perm 0.07 0.11 0.27 0.19
v/c Ratio 0.71 027 041 0.42 099 070
Uniform Delay, d1 26.1 227 124 105 289  26.1
Progression Factor 1.00 1.00 1.05 0.03 1.00 1.00
Incremental Delay, d2 2.5 0.3 0.2 0.1 38.6 9.3
Delay (s) 286  23.1 13.2 0.4 674 353
Level of Service C C B A E D
Approach Delay (s) 26.5 3.0 0.0 51.0
Approach LOS C A A D
Intersection Summary
HCM 2000 Control Delay 27.0 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 86.0% ICU Level of Service E
Analysis Period (min) 15
¢ Critical Lane Group
2038 PM 7:00 am 1/8/2013 Baseline Synchro 8 Report
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HCM Signalized Intersection Capacity Analysis

6: 41 NB OFF/41 NB ON & CTH Il (Winchester Rd.) 1/11/2013
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations b 44 44 [l < [l

Volume (vph) 638 367 0 0 435 1078 389 0 230 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 4.0 4.0 4.0 2.0 4.0 4.0

Lane Util. Factor 1.00 095 095 1.00 1.00  1.00

Frt 1.00 1.00 1.00 0.85 1.00 0.85

Flt Protected 095 1.00 1.00  1.00 095 1.00

Satd. Flow (prot) 1736 3471 3252 1455 1556 1392

Flt Permitted 025 1.00 1.00  1.00 095 1.00

Satd. Flow (perm) 457 3471 3252 1455 1556 1392

Peak-hour factor, PHF 083 08 08 08 08 08 08 08 08 08 08 083

Adj. Flow (vph) 769 442 0 0 524 1299 469 0 277 0 0 0

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 201 0 0 0

Lane Group Flow (vph) 769 442 0 0 524 1299 0 469 76 0 0 0

Heavy Vehicles (%) 4% 4% 4%  1M1% 1% 1% 16% 16%  16% 1% 1% 1%

Turn Type D.P+P NA NA  Free Perm NA  Perm

Protected Phases 412 2412 2 1

Permitted Phases 2 Free 1 1

Actuated Green, G (s) 420 480 15.0  80.0 200 200

Effective Green, g (s) 440 470 170  80.0 220 220

Actuated g/C Ratio 055 059 0.21 1.00 028 028

Clearance Time (s) 6.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0

Lane Grp Cap (vph) 699 2039 691 1455 427 382

v/s Ratio Prot c0.39 013 0.16

v/s Ratio Perm 0.22 c0.89 0.30 0.05

v/c Ratio 110 022 0.76  0.89 110 020

Uniform Delay, d1 214 7.8 29.6 0.0 290 222

Progression Factor 0.79 1.09 0.88 1.00 1.00 1.00

Incremental Delay, d2 57.8 0.0 4.7 8.5 72.9 1.2

Delay (s) 74.7 8.5 30.7 8.5 1019 234

Level of Service E A C A F C

Approach Delay (s) 50.5 14.9 72.7 0.0

Approach LOS D B E A

Intersection Summary

HCM 2000 Control Delay 37.7 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 1.30

Actuated Cycle Length (s) 80.0 Sum of lost time (s) 23.0

Intersection Capacity Utilization 86.0% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

2038 PM 7:00 am 1/8/2013 Baseline Synchro 8 Report
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HCM Signalized Intersection Capacity Analysis

3:41 SB ON/41 SB OFF & CTH Il (Winchester Rd.) 1/11/2013
A ey ¢ ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 44 [l b 44 < [l
Volume (vph) 0 596 370 170 654 0 0 0 0 409 0 431
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 095 100 100 095 1.00  1.00
Frt 1.00 085 1.00 1.00 1.00 0.85
Flt Protected 1.00 100 095 1.00 095 1.00
Satd. Flow (prot) 3539 1583 1656 3312 1752 1568
Flt Permitted 1.00 100 020 1.00 095 1.00
Satd. Flow (perm) 3539 1583 354 3312 1752 1568
Peak-hour factor, PHF 08 08 08 08 08 08 08 08 08 08 08 0.6
Adj. Flow (vph) 0 693 430 198 760 0 0 0 0 476 0 501
RTOR Reduction (vph) 0 0 306 0 0 0 0 0 0 0 0 188
Lane Group Flow (vph) 0 693 124 198 760 0 0 0 0 0 476 313
Heavy Vehicles (%) 2% 2% 2% 9% 9% 9% 1% 1% 1% 3% 3% 3%
Turn Type NA Perm D.P+P NA Perm NA  Perm
Protected Phases 16 58 5816 6
Permitted Phases 16 16 6 6
Actuated Green, G (s) 210 210 400 450 230 230
Effective Green, g (s) 230 230 370 410 250 250
Actuated g/C Ratio 029 029 046 0.51 0.31 0.31
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1017 455 407 1697 547 490
v/s Ratio Prot c0.20 c0.09 ¢c0.23
v/s Ratio Perm 0.08 0.13 0.27 0.20
v/c Ratio 068 027 049 045 087 0.64
Uniform Delay, d1 253 220 141 12.3 260 236
Progression Factor 1.00 1.00 0.95 0.20 1.00 1.00
Incremental Delay, d2 1.9 0.3 0.7 0.1 17.1 6.3
Delay (s) 2712 224 141 2.6 430 299
Level of Service C C B A D C
Approach Delay (s) 25.3 5.0 0.0 36.3
Approach LOS C A A D
Intersection Summary
HCM 2000 Control Delay 22.5 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
¢ Critical Lane Group
2038 PM 2nd NBL 7:00 am 1/8/2013 Baseline Synchro 8 Report
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HCM Signalized Intersection Capacity Analysis

6: 41 NB OFF/41 NB ON & CTH Il (Winchester Rd.) 1/11/2013
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations b 44 44 [l b < [l

Volume (vph) 638 367 0 0 435 1078 389 0 230 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 4.0 4.0 4.0 2.0 4.0 4.0 4.0

Lane Util. Factor 1.00 095 095 100 095 095 1.00

Frt 1.00 1.00 100 08 100 100 0.85

Flt Protected 095 1.00 1.00 100 095 095 1.00

Satd. Flow (prot) 1736 3471 3252 1455 1478 1478 1392

Flt Permitted 025 1.00 1.00 100 095 095 1.00

Satd. Flow (perm) 457 3471 3252 1455 1478 1478 1392

Peak-hour factor, PHF 083 08 08 08 08 08 08 08 08 08 08 083

Adj. Flow (vph) 769 442 0 0 524 1299 469 0 277 0 0 0

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 204 0 0 0

Lane Group Flow (vph) 769 442 0 0 524 1299 234 235 73 0 0 0

Heavy Vehicles (%) 4% 4% 4%  1M1% 1% 1% 16% 16%  16% 1% 1% 1%

Turn Type D.P+P NA NA  Free Perm NA  Perm

Protected Phases 412 2412 2 1

Permitted Phases 2 Free 1 1

Actuated Green, G (s) 430 490 150 80.0 190 190 19.0

Effective Green, g (s) 450 480 170 8.0 210 210 21.0

Actuated g/C Ratio 056  0.60 0.21 100 026 026 026

Clearance Time (s) 6.0 6.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 720 2082 691 1455 387 387 365

v/s Ratio Prot c0.39 013 0.16

v/s Ratio Perm 0.21 c0.89 016 016  0.05

v/c Ratio 1.07 021 076 089 060 0.6 0.20

Uniform Delay, d1 21.0 7.3 29.6 00 259 259 230

Progression Factor 0.81 1.09 0.89 1.00 1.00 1.00 1.00

Incremental Delay, d2 47.4 0.0 4.7 8.5 6.8 6.9 1.2

Delay (s) 64.4 8.0 31.0 85 327 328 242

Level of Service E A C A C C C

Approach Delay (s) 43.9 15.0 29.6 0.0

Approach LOS D B C A

Intersection Summary

HCM 2000 Control Delay 271 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 1.26

Actuated Cycle Length (s) 80.0 Sum of lost time (s) 23.0

Intersection Capacity Utilization 78.7% ICU Level of Service D

Analysis Period (min) 15

¢ Critical Lane Group

2038 PM 2nd NBL 7:00 am 1/8/2013 Baseline Synchro 8 Report
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Attachment E

Conceptual Parapet and Footing Details

Technical Memorandum - 41/441 Operational Needs Study
Considerations for the WIS 441 Design Project



LAP R402 BARS 2'-4" MIN.

PLACE LONGITUDINAL BARS CONCENTRIC TQ RAMP B IN CURVED PORTION.

NOTES: FOR PARAPET REINFORCEMENT DETAILS, SEE SHEET i3.
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Attachment F

Cost Calculations

Technical Memorandum - 41/441 Operational Needs Study
Considerations for the WIS 441 Design Project
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