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Section | Executive Summary

The City of West Branch, lowa has identified and expressed a need to improve truck mobility
and roadway safety through the downtown corridor. Under current conditions, heavy truck
traffic runs directly through the downtown corridor, creating operational challenges for truck
drivers such as congestion, inefficient turning movements, and safety concerns involving
local traffic and pedestrians. These issues reduce transportation efficiency for truck
movement through the town while also negatively impacting the livability, walkability, and
historic character of West Branch’s downtown area. To help tackle these issues while
keeping both trucks and the community in mind, we took a closer look at current conditions
and explored some practical improvement options.

We, a student-led civil engineering design team from the University of lowa's Civil
Engineering Project Design and Management (CEE:4850) capstone course, provide an
engineering design that evaluates and reroutes the existing truck route. Our team consists
of three members with complementary expertise in transportation engineering, structural
systems, and urban infrastructure design. Nick Simpson serves as project manager; Andrew
Heim leads transportation and roadway design; and Sarah Hilgendorf leads the structural
components.

Our objective for this project is to identify a safer and more efficient truck route through the
town while maintaining roadway connectivity, minimizing impacts to surrounding residential
areas and downtown businesses, and addressing all environmental constraints. This project
supports the City’s long-term transportation goals by improving safety, enhancing truck
operations, and creating a safer, more pedestrian-friendly downtown. We have fully
designed two new truck routes that meet all conditions to be a feasible truck route. With the
requirement that the project cost does not exceed $1 million. To meet these goals, our team
completed the work during the contract period from February 9th, 2026, through May 8th,
2026.

The project is subject to several key constraints and challenges, including the presence of
historically protected buildings that limit intersection improvements on the current truck
route, grading restrictions along Fourth Street due to an existing farmhouse, and subsurface
utilities that restrict excavation. Additional challenges include required right-of-way
acquisition and utility relocations, which may increase project costs and complexity. Both
proposed alternatives are also expected to impact nearby residential areas that currently
experience little to no truck traffic, potentially leading to community concerns and
pushbacks. Construction may result in temporary disruptions, and loss of on-street parking
in certain areas, all of which will require attention to minimize impacts on residents and
maintain community support. These challenges also introduce broader societal impacts, as
changes to traffic patterns, property access, and neighborhood character may affect



residents' quality of life and require careful consideration of community concerns and
equity.

To accomplish these goals, our team conducted a thorough evaluation of existing roadway
conditions, truck operations, and site limitations. This included a field assessment, review
of current truck maneuvering challenges, and identification of geometric and operational
issues along the existing route. Based on this information, we developed multiple
conceptual route alternatives that provide feasible options for rerouting trucks away from
Main Street while maintaining overall network efficiency. Each alternative was evaluated
based on factors such as safety, constructability, cost-effectiveness, environmental
impacts, community considerations, floodplain constraints, and overall ability to improve
truck operations. Special attention was given to aligning potential solutions with the City’s
goal of maintaining project costs near the $1 million target while supporting practical, long-
term improvements. Following review of the alternatives, the client selected two options to
advance further.

Our services includes a comprehensive evaluation and design package to support the
proposed improvements. This work involves assessing existing truck routes and traffic
operations, mapping current site conditions and infrastructure, and developing demolition
and construction plans. The project also includes roadway and intersection design in
accordance with SUDAS standards, corridor modeling, and structural evaluation of existing
infrastructure. In addition, we prepared quantity estimates, designed necessary retaining
walls, and developed two truck rerouting alternatives, along with final plan sets and
supporting documentation.

Two alternatives were advanced into the design phase: the Green Street corridor and the
Fourth Street corridor. The Green Street alternative introduces a new truck route designed to
better meet ideal roadway standards, including flatter grades, improved alignment, and
safer truck movements. The design includes roadway reconstruction, updated
intersections, stormwater infrastructure, and replacement of an existing retaining wall. This
option improves overall truck efficiency and diverts heavy traffic away from more sensitive
downtown areas. However, it may impact nearby residential neighborhoods, require removal
of on-street parking, and introduce new community concerns.

The Fourth Street alternative focuses on improving the existing route to accommodate truck
traffic through geometric upgrades and targeted design improvements. While some grading
constraints limit achieving optimal slopes, the design remains within acceptable standards
fortruck operations and includes evaluation of the existing bridge and construction of a new
retaining wall. This option benefits from using an established corridor and may be more cost-
effective, but it requires significant earthwork and may result in greater construction
complexity and disruption.



The total cost for each project was calculated through quantities gathered in civil 3d and
prices were determined through lowa DOT bid tabs. Our short-term solution (Green Street)
stayed under our million-dollar budget with an estimated construction cost of $424,920. Our
long-term (4" Street) solution came out higher than the proposed budget. The estimated
construction cost of the 4™ street plan is $3,582,591.

Through sound engineering practice, community-focused planning, and a commitment to
client satisfaction, we provide the City of West Branch with a safer, more efficient truck route
that improves freight mobility while enhancing the quality of life in the downtown area.

Section Il Organization Qualifications and Experience
Organization and Design Team Description

Our team is composed of three members - Nick Simpson, Andrew Heim, and Sarah
Hilgendorf, at the University of lowa in our capstone design course CEE:4850 - Project
Design and Managementin CEE. Nick Simpson is the project manager and led the hydraulic
components of the project as he has a focus area in Urban design. Sarah Hilgendorf is the
editor and has led the structural components of the project, having afocus area in Structural
Engineering. Andrew Heim oversaw technological support and led the transportation
components of the project, with his focus area being in Transportation Engineering.

Section lll Design Services
1. Project Scope

The Truck Rerouting and Pavement Replacement project aimed to evaluate the existing truck
route’s traffic operations and efficiency and to propose a new alternative route that
prevented trucks from entering the downtown area while maintaining efficiency along the
new route. The existing truck route traveled north on Downey Street after exiting Interstate
80. Previously, Downey Street ran through the town without requiring any turns; however,
with the addition of the Herbert Hoover Museum and Library, Downey Street shifted east. As
a result, trucks made a left turn onto Main Street and traveled through the downtown area
before reconnecting with Downey Street. The client requested that we evaluate the existing
truck route and provide alternatives that promote a more pedestrian-friendly downtown.
Overall, the primary goal of the project was to redirect trucks from Main Street due to the
historical buildings at the intersection that prevent us from redesigning the current route and
therefore designing an alternative route bypassing the downtown area.

We proposed four different alternatives to the current truck route and presented them to the
client. The client then asked us to continue the design with two of the alternatives provided.

Design outputs consisted of site demolition plans, development of horizontal and vertical
alignments, corridor modeling, retaining wall design, bridge evaluation, and drainage design.



All outputs were developed in Civil3D using existing site data available from the lowa
Department of Transportation (DOT). Final deliverables to the client included a PowerPoint
presentation, a poster, and Civil3D drawings illustrating the site layout and proposed design.

Our services include a comprehensive evaluation and design package to support the
proposed improvements. Key components of the project are as follows:

1. Evaluation of the existing truck routes and overall traffic operations.

2. Development of existing conditions mapping using Google Earth and geolocation

data, including roadway alignments, centerlines, sidewalks, and a pipeline network

map identifying water and sanitary infrastructure.

Preparation of a demolition plan with associated quantity estimates.

Development of proposed horizontal and vertical roadway alighnments in accordance

with SUDAS standards.

Design of roadway cross-sections.

Corridor modeling and refinement of alignments based on design iterations.

Intersection design within the corridor and site grading.

Structural evaluation of the existing bridge to verify its capacity to support anticipated

truck loads.

Earthwork and pavement quantity calculations to support cost estimation.

10. Design of retaining walls, including a new wall for areas of significant cut and
reconstruction of the existing retaining wall on site.

11. Development of two final truck rerouting alternatives, including complete plan sheet
sets meeting SUDAS standards and client requirements.

12. Preparation of a final design report, presentation, poster, and supporting
documentation.
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2. Work Plan

The Truck Rerouting and Pavement Replacement project followed a structured, phased
approach that progressed from project initiation and data review through concept
development, design, refinement, and final deliverables. A detailed project schedule is
provided in Table A.1 in Appendix A, in the form of a Gantt chart that illustrates task
sequencing, durations, and key milestones.

The design phase began with evaluating existing truck routes and overall traffic operations,
followed by mapping current site conditions using geolocation data to document roadway
features and underground utilities. Then we started demolition plans and quantity
estimates, development of proposed roadway alighments and cross-sectionsin accordance
with SUDAS standards, and iterative corridor modeling. Key design elements include



intersection layouts, site grading, bridge evaluation, earthwork and pavement quantity
calculations, and retaining wall design.

The final phase focused on completion of all project deliverables and preparation for client
presentations. Biweekly coordination meetings occurred throughout the project to review
progress, address questions, and ensure the final design met project goals and client
expectations.

Section IV Constraints, Challenges and Impacts

1. Constraints

Our project had a few constraints identified during the site visit. First, the existing
intersection has two buildings that are on the National Register of Historic Places. A lot of
the issues presented at the current intersection were roadway geometry, which already
encroached upon these buildings. As a result, any improvements to the current intersection
to improve pedestrian safety and efficiency will have to be made without affecting these
landmark buildings. Additional constraints arose along Fourth Street, where a farmhouse
located at the top of the hill limited grading options. Specifically, reducing the slope was
constrained by the need to maintain a reasonable driveway grade to the residence.
Furthermore, design limitations required maintaining existing elevations at certain
neighborhood intersections to avoid excessive cuts or fills. Subsurface utilities also imposed
restrictions, as a gas line beneath portions of the roadway prevented excavation in those
areas.

Finally, the client requested that we stay close to a budget of $1 million. For the short-term
solution, we did our best to only take the necessary steps of a complete design while trying
to stay as close to their budget as possible.

2. Challenges

The Fourth Street Alternative requires land acquisition as they are not currently under city
jurisdiction. In addition, some right-of-way acquisitions are necessary in addition to utility
adjustments due to the road widening that is required. These acquisitions will likely
complicate the design moving forward and likely contribute to the project going over budget.

In addition, both alternatives will negatively affect residents who do not currently live along
the designated truck route. Each alternative will have a residentialimpact that does not exist.
As a result, resident pushbacks are likely, as the project moves forward to construction.



Mitigation measures will likely be taken to minimize impacts on residents affected
throughout the project.

3. Societal Impact within the Community and/or State of lowa

Both alternatives present potential challenges related to community impacts and
constructability. Residential pushbacks are likely, as neighborhoods along both routes have
historically experienced little to no truck traffic, and the introduction of heavy vehicles may
raise concerns among residents. In addition, both options require new roadway
construction, which will involve noise, disruption, and temporary inconveniences. The
Green Street alternative may also result in the loss of on-street parking, while improvements
along Fourth Street would be more expensive and require a longer construction duration.
Furthermore, the farmhouse located at the top of the Fourth Street hill would require a new,
longer driveway due to grading changes, which could create concerns for both the resident
and the adjacent farmland owner.

Section V Alternative Solutions That Were Considered

Alternative #1 — Going straight from Parkside Drive onto N First Street all the way to baker,
with new road connection N First Street to Baker Ave using Y intersection.

This design alternative provides trucks with a straight, continuous route through town that
was not achievable using North Downey Street. Trucks would remain on North First Street
before merging onto Baker Avenue, improving maneuverability while minimizing the need for
roadway reconstruction in the downtown area, which helps reduce disruption to residents,
businesses, and daily activity. An additional benefitis the preservation of existing downtown
parking by avoiding the need to widen intersections to accommodate large truck turning
movements. However, this alternative may have a higher overall cost due to the construction
of a new roadway segment extending into a wetlands area, which would require substantial
fill, environmental considerations, and increased construction effort.



Figure 4. North First Street alternative
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Figure 1. North First Street south section



Figure 2. North First Street roadway expansion
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Figure 3. North First Street roadway extension

Alternative #2 — Going straight from Parkside onto N First Street and then turning left onto
Green Street and right onto N Downey Street.

This Design Alternative Allows the Trucks to still go directly through downtown and get them
onto N Downey Street as soon as possible which gets them straight out of town. To
accommodate truck turning movements, several streets would need to be widened, and
downtown intersections reconstructed to meet minimum turning radius requirements. An
advantage of this alternative is the lower overall cost compared to Alternative 1, since it
primarily relies on improving existing roadways rather than constructing new ones. However,
a key disadvantage is the increased impact on the downtown area, including construction
disruption, potential loss of on-street parking, and greater inconvenience to local
businesses and residents due to roadway widening and intersection modifications.
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Figure 5. Green Street Intersection Geometry

Alternative #3 — Similar to Alternative #2, going straight from Parkside onto N First Street but
then turning onto E College Street before turning right onto N Downey Street.

This alternative is like Alternative 2 in that it primarily uses existing roadways, which helps
keep overall costs relatively low. However, the steep roadway slopes would increase
construction complexity and cost, making it less practical from a design and constructability
standpoint. As a result, this option was not considered one of the preferred alternatives, but
it was still evaluated to address a route specifically mentioned by the client and to ensure all
reasonable options were considered.
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Alternative #4 — Turning right off Parkside Drive onto E Main Street and then left onto N
Fourth Street all through town until left onto 280™ Street and then Finally right onto Baker
Street.

This alternative allows trucks to completely bypass the downtown area, which improves
pedestrian safety and overall downtown livability. One advantage of this option is that it
primarily utilizes an existing roadway that appears sufficiently wide, limiting the need for
major geometric or structural improvements. In addition, diverting trucks away from
downtown and nearby residential areas reduces both construction-related disruption and
long-term noise and traffic impacts. A disadvantage of this alternative is that the full bypass
results in a longer travel route compared to other options, which can increase travel time
and operating costs for freight traffic and reduce overall route efficiency.

Figure 9. Fourth Street Alternative



Figure 7. Fourth Street North Section
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Figure 8. Fourth Street South Section

After presenting all four alternatives to the client, they selected Alternative #2 Green Street
and Alternative #4 Fourth Street to advance into the design phase, as these options provided
the most feasible balance of improved truck mobility, safety, and cost while minimizing
impacts to the downtown corridor. The Fourth Street alternative was chosen over First Street
due to anticipated community pushbacks associated with routing heavy truck traffic through
a more residential area, as well as the fact that portions of Fourth Street have already been
previously reconstructed, which reduced the overall project scope. This option was
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ultimately carried forward as the long-term solution despite its higher overall cost and more
extensive construction requirements.

Green Street was selected over College Street because the College Street alignment
included excessively steep grades that would require significant earthwork and grading to
accommodate truck operations. In comparison, Green Street provided a more practical and
constructible alignment that better supports consistent truck movement while requiring
fewer extreme geometric adjustments.

Section VI Final Design Details

1. Roadway Alignhment and Geometry

The proposed roadway alignment for Green Street was developed using Autodesk Civil 3D
based on existing site conditions and project constraints. Both horizontal and vertical
alignments were designed to safely and efficiently accommodate heavy truck traffic in
accordance with SUDAS design standards. A posted design speed of 35 mph was used,
which governs the minimum allowable vertical curve lengths and resulted in K-values of 29
for crest curves and 49 for sag curves. These values ensure adequate sight distance for safe
stopping and comfortable vehicle transitions. The vertical alignment maintains roadway
slopes below 5%, meeting optimal design criteria for truck operations. Horizontal geometry
includes a minimum curve radius of 25 ft to accommodate truck turning movements, and
the roadway width was set at 30 ft to provide adequate space for safe and efficient travel.
The Alignment profiles for Green Street are shown in the drawing set sheets E.01A-E.03A.

The Fourth Street alignment was also developed in Civil 3D based on existing conditions and
site limitations. A 35-mph design speed was used for this corridor as well, which established
the required vertical curve standards and resulted in K-values of 29 for crest curves and 49
for sag curves. These values are necessary to provide sufficient stopping sight distance and
maintain safe driver comfort at the selected speed. Horizontal alignment was designed
using a minimum curve radius of 25 ft to accommodate truck turning movements, with a 30
ftroadway width to support safe truck passage. The vertical alignment was more constrained
due to existing grading conditions and adjacent properties, resulting in slopes ranging from
5.17% to 8.68%. While these grades exceed the optimal 5% condition outlined in SUDAS
guidelines, they remain within acceptable limits for truck routes at the selected design
speed. The Alignment profiles for Fourth Street are shown in the drawing set sheets E.01B -
E.09B.

2. Roadway Cross Sections and Pavement Design



17

Roadway cross sections were determined by previous design drawings and existing
conditions. For 4" Street, the cross section was given from prior design drawings. This cross
section was used for 280" Street, and Baker Ave as all streets needed the same pavement
design. This design is 7’ PCC Pavement, 6"’ Modified Subbase, and 18” of Imported Fill due
to soil issues in the previous 4" street project. Cross sections such as First Street, Downey,
and Farmhouse driveway were determined based on what already existed. The goals for
these roads were not geometry improvement but putting them back the way they were.
Green Street was designed to support new truck loads thus taking on the same pavement
structure as the previously reconstructed 4™ street. The road was given width to
accommodate truck traffic. Sidewalks were also reconfigured to make pedestrian safety a
priority by backing them off of the roads by 5 feet. Along with width changes and pushing the
sidewalks back, it was determined that removing all parking on this street would be best to
allow safe truck travel and a decreased chance of obstructions in the way of that traffic. The
typical sections are shown on the B sheets, and the typical cross sections are shown in the
W sheets of the drawing set.

All roadways were regraded to fall within the SUDAS acceptable slope range of < 11 feet.
Alongthe roadway certain elevations were held steady to prevent extra intersection work and
to allow for smooth transitions into the existing roadway network.

3. Intersection Design

Intersections were designed to accommodate truck turning movements throughout the
town. At each intersection, a minimum curb radius of 25’ was used to allow truck passage
without interruption of other vehicles during the process. While running vehicle tracking, it
was found that all intersections at a curb radius of 25’ satisfied the truck movements. Thus
25’ was kept decreasing the cost and work of widening the intersections further. During the
design process we found 8 intersections that needed to redesign; all but one required a full
redesign. Green Street — First Street intersection only needed a partial redesign to
accommodate truck traffic turning onto Green. This intersection was also recently re-done
in a project that occurred before thus we decided to redo as little as possible. The remaining
7 intersections were designed to be as close to the existing elevation levels as possible while
also meeting the SUDAS acceptable standard. This allows for minimized work needed at
these intersections. At the intersection of 280" and 4" street stops signs were added to each
leg. This was done as a preemptive measure to ensure extra safety at this intersection due
to the hilly nature of this area and the increased traffic. We also determined that milled
rumble strips were to be added at each leg as well. Due to the hills in the area, stopping sight
distance was a concern thus we added rumble strips to alert the drivers. In addition to the
hills, this stop sign is very new to the area, so the rumble strips were also added to alert
drivers that are not used to stopping at the intersection.

4. Earthwork
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The earthwork quantities were estimated using Civil 3D corridor modeling and the volume
dashboard. The primary goal for both alternatives was to balance cut and fill as much as
possible while still achieving acceptable roadway slopes for truck operations. For Green
Street, the total cut is 91.59 CY, and the total fill is 339.19 CY. For Fourth Street, the total cut
is 4,607 CY, and the total fill is 7,505 CY.

The Fourth Street alternative required extensive grading along the roadway edges,
particularly near the farmhouse property and adjacent farmland. The inclusion of the
retaining wall significantly reduced the amount of slope encroachment, helping limit
impacts on the homeowner’s property and surrounding land. In addition to the earthwork
operations, the existing subgrade will be properly prepared and compacted to ensure a
stable foundation for the proposed roadway sections. Earthwork tables generated from Civil
3D are included in the T sheets of the drawing set.

5. Stormwater Management

The proposed stormwater improvements along Green Street include the installation of curb
and gutter to enhance surface drainage and direct runoff into a new storm sewer system.
This system will consist of approximately 504 linear feet of pipe and five intakes positioned
to efficiently capture roadway runoff. The network will connect to the existing storm sewer
system along 1st Street, maintaining consistency with the surrounding drainage
infrastructure. All intakes will be 4’ by 8’ square intakes, like the intakes along First Street.
Pipe sizing was performed using a 5-year design storm with a 15-minute intensity of 3.88
inches/hour and a runoff coefficient of 0.90 and an assumed inlet time of 10 minutes. Pipe
slopes and lengths were determined based on existing and proposed elevations. Although
calculated pipe diameters were less than 15 inches, all pipes were increased to a minimum
diameter of 15 inches to meet standard design criteria. Detailed calculations are provided
in Appendix D.

Improvements along 4th Street and 280th Street include the replacement of two
deteriorated metal culverts with new concrete culverts of the same five-foot diameter,
addressing structural deficiencies while maintaining existing hydraulic capacity. The new
PCC culverts were decided due to their higher strength than the metal culverts to support
the new truck loads on the road. Curb and gutter will also be installed along 4th Street, and
three storm sewer networks will be constructed, including systems along 4th Street and
280th Street and a connection to the southern segment of 4th Street. These systems will
total approximately 6,406 linear feet of pipe and 42 intakes, discharging into nearby existing
streams. Pipe sizing and hydraulic design were performed using a 10-year design storm with
a 15-minute intensity of 4.52 inches/hour, and assumptions as described for Green Street,
with all pipes ultimately sized to a minimum diameter of 15 inches. We decided to use a 10-
year design storm rather than a 5-year like Green Street with 4" Street bringing the long-term
alternative and not concerned as much about cost saving measures. The storm intakes are
designed to be 4’ by 8’ rectangular intakes, to match the existing 4" street intakes. Faired end
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sections will be installed at all outlets and be 18” in diameter. Supporting calculations are
included in Appendix D.

6. Retaining Wall Design

Aretaining wallis required for both the Green Street and Fourth Street alternatives. On Green
Street, the existing retaining wallis in poor condition; however, only the section impacted by
the new intersection construction will be removed and replaced. This approach was
selected to minimize construction cost and duration while still addressing necessary
improvements within the disturbed area.

For the Fourth Street alternative, 6 feet of hillside excavation is required, which necessitates
the construction of a new retaining wall. Rather than the alternative of extensive grading that
would lead into the farmhouse property as well as the farmland. The proposed design uses
Keystone Compac segmental blocks, measuring 8 inches in height by 12 inches in depth,
with gravel-filled cells to increase unit weight and stability. The blocks are connected using
shear pins, providing adequate connection strength to resist lateral soil forces with a backfill
unit weight of 120 pcf. Stability analyses for overturning, sliding, and bearing capacity
confirmed that the system is sufficient without the need for geogrid reinforcement. The
allowable soil bearing pressure was also verified and found to be adequate, resulting in a
final wall height of 6 feet. Supporting calculations are provided in Appendix D — Retaining
Wall Calculations.

7. Bridge Evaluation

The existing two-span slab bridge on Main Street, which is part of the Fourth Street
alternative, was evaluated to determine whether itis adequate to support the proposed truck
route. The bridge geometry is shown in the figure below. The structure has an 18.5-inch slab
thickness and was assumed to include a 2.5-inch hot-mix asphalt wearing surface. The total
bridge width is 64 feet, which includes sidewalks, railings, and traffic barriers, with an
effective roadway width of 44 feet.

Dead loads were calculated based on the self-weight of the concrete slab, traffic barriers,
railings, and the assumed asphalt wearing surface. Structural analysis was then performed
using Robot Structural Analysis in combination with AASHTO and lowa DOT loading
requirements. The live load consisted of five design truck types—Type 4, Type 3S3A, Type 3-
3, Type 4S3B, and Type 4S3—to represent critical loading scenarios.

These trucks were positioned along the bridge to identify the governing load case, with the
maximum moment and shear occurring at critical locations along the span. This governing
condition was then combined with the calculated dead loads to determine the maximum
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demand on the structure. The results were used to develop an equivalent design section on
a per-foot basis of bridge width, allowing for the determination of required reinforcing steel.

By comparing the factored demand to the section capacity, the load rating was effectively
checked by ensuring the total applied moment did not exceed the maximum allowable
moment capacity of the slab. The analysis indicated that the existing bridge requires a
minimum of four #6 reinforcing bars per foot of slab width to safely support the proposed
truck loads. Supporting calculations and Robot Structural Analysis outputs are provided in
Appendix C - Bridge Evaluation Calculations.
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Figure 9. Bridge Location
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Section VIl Engineer’s Cost Estimate

Using lowa DOT Bid tabs cost of materials per unit were gathered. Quantities were then
gathered into a full estimate for Green and 4" Street.

Green Street Construction Cost Estimate

DEMO

ITEM QUANTITY |JUNIT JUNIT PRICE TOTAL COST
CLEARING AND GRUBBING 392 SF $0.09 $33.32
REMOVAL OF SEAL COAT 1442 SY $14.00 $20,188.00
REMOVAL OF HMA PAVEMENT 445 SY $16.00 $7,120.00
REMOVAL OF PCC PAVEMENT 230 SY $15.33 $3,525.90
REMOVAL OF CURB AND GUTTER 148 LF $16.00 $2,368.00
REMOVAL OF SIDEWALK 373 SY $11.73 $4,375.29
REMOVAL OF RETAINING WALL 123 SF $37.50 $4,612.50
REMOVAL OF FIRE HYDRANTS 2 EA $1,085.85 $2,171.70
REMOVAL OF TRAFFIC SIGNS 4 EA $106.77 $427.08
REMOVAL OF TREES 2 EA $950.00 $1,900.00
REMOVAL OF LIGHT POLE 1 EA $742.28 $742.28
REMOVAL OF INTAKE 1 EA $808.59 $808.59
COST OF DEMO $48,272.66
CONTIGENCY 10% $4,827.27
TOTAL COST OF DEMO $53,099.93

PROPOSED

ITEM QUANTITY | UNIT UNIT PRICE TOTAL COST




CUT 91.59 CcY $4.43 $405.74
FILL 339.19 CcY $4.43 $1,502.61
SUBBASE GRANULAR 6" 259.5 CcY $50.28 $13,047.66
PCC PAVEMENT 7" 303 CY $180.00 $54,540.00
PCC SIDEWALK 4" 375 SY $66.72 $25,020.00
ADA SIDEWALK RAMP 5 EA $4,000.00 $20,000.00
CURB AND GUTTER 797 LF $27.49 $21,909.53
SEEDING RESTORATION 5585.7 SF $0.55 $3,072.14
TRAFFIC SIGNS 4 EA $450.00 $1,800.00
PAVEMENT MARKINGS 1 LS $2,000.00 $2,000.00
LIGHT POLE INSALLATION 1 EA $3,450.00 $3,450.00
FIRE HYDRANT INSTALLATION 2 EA $9,137.08 $18,274.16
RETAINING WALL 123 SF $65.73 $8,084.79
INTAKES 5 EA $4,707.55 $23,537.75
PIPE REPLACEMENT 504 LF $120.00 $60,480.00
COST OF PROPOSED $257,124.38
CONTIGENCY 10% $25,712.44
TOTAL COST OF DEMO $282,836.82
OTHER

CONSTRUCTION ADMINISTRATION 1 LS $67,187.35
MOBILIZATION 1 LS $33,593.67
TRAFFIC CONTROL 1 LS $5,000.00 $5,000.00
TOTAL COST $441,717.77

4" Street Construction Cost Estimate

DEMO

22



ITEM QUANTITY| UNIT | UNITPRICE | TOTAL COST
CLEARING AND GRUBBING 37756 SF $0.09 $3,209.26
REMOVAL OF SEAL COAT 10282 sy $14.00 $143,948.00
REMOVAL OF HMA PAVEMENT 1876 sy $16.00 $30,016.00
REMOVAL OF PCC PAVEMENT 360 sy $15.33 $5,518.80
REMOVAL OF CURB AND GUTTER LF $16.00 $-
REMOVAL OF GRAVEL DRIVEWAY 161 sy $5.50 $885.50
REMOVAL OF TRAFFIC SIGNS 8 EA $106.77 $854.16
REMOVAL OF TREES 65 EA $950.00 $61,750.00
REMOVAL OF MAILBOX 1 EA $100.00 $100.00
REMOVAL OF CULVERT 112 cY $9.44 $1,057.28
REMOVAL OF PIPE 185 LF $23.36 $4,321.60
REMOVAL OF INLET 4 EA $808.59 $3,234.36
REMOVAL OF FLARED END SECTION 1 EA $325.00 $325.00
COST OF DEMO $255,219.96
CONTIGENCY 10% $25,522.00
TOTAL COST OF DEMO $280,741.96
PROPOSED

ITEM QUANTITY| UNIT | UNITPRICE | TOTAL COST
cuT 4607 cY $4.43 $20,409.01
FILL 7505 cY $4.43 $33,247.15
SUBBASE GRANULAR 6" 2345 cY $50.28 $117,906.60
IMPORTED FILL 18" 7034 cY $43.60 $306,682.40
PCC PAVEMENT 7" 2748 cY $180.00 | $494,640.00
GRAVEL DRIVEWAY REPLACEMENT 39 cY $37.50 $1,462.50
CURB AND GUTTER 7583 LF $27.49 $208,456.67
MILLED RUMBLE STRIP 6 PANEL | $634.03 $3,804.18
SEEDING RESTORATION 220180 SF $0.55 $121,104.50
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TREE REPLACEMENT 52 EA $519.38 $27,007.76
TRAFFIC SIGNS 10 EA $450.00 $4,500.00
MAILBOX RELOCATION 1 EA $319.53 $319.53
PAVEMENT MARKINGS 1 LS $8,000.00 $8,000.00
RETAINING WALL 293 SF $65.73 $19,258.89
INTAKES 42 EA $4,707.55 $197,717.10
PIPE REPLACEMENT 6406 LF $120.00 $768,720.00
BOX CULVERT 112 LF $348.00 $38,976.00
COST OF PROPOSED $2,372,212.29
CONTIGENCY 10% $237,221.23
TOTAL COST OF PROPOSED $2,609,433.52
OTHER

CONSTRUCTION ADMINISTRATION 1 LS $525,486.45
MOBILIZATION 1 LS $300,000.00
TRAFFIC CONTROL 1 LS $10,000.00 $10,000.00

TOTAL COST

$3,725,661.93
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Appendices
Appendix A - Project Schedule

Table 1A - Project Schedule

Project Name: Truck Rerouting and Road Extension
Project Start: 1/20/26
Current Date: 4/10/26
Weeks in progress: Wk12
1/20/26 1/27/26 2/3/26 2/10/26 2/17/26 2/24/26 3/3/26 3/10/26 3/17/26 3/24/26 3/31/26  4/7/26 4/14/26 4/21/26 4/28/26  5/5/26
Task Lead Start date end date  days Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk7 Wk 8 Wk9  Wk10 Wk1l Wk12 Wk13 Wk14 Wk15 Wk16
Project Kick off
Client Contact and background All 1/20/26 215126 13
Design
Initial Proposal & Report All 2/2126 215126 4
Final Proposal ALL 2/9/26 2/13/26 5
Task1-Demo Sheets Nick 2/9/26 2710126 2
Task 2 - Site Linework ALL 2/16/26  2/20/26 5
Task 3 - Vert. & Horiz. Allignments Andrew 2/16/26  2/27126 10
Task 4 - Corridars. Andrew 2/23/26 3114126 15
Task 5 - Bridge Evaluation Sarah 3/9/26 314126
Task 6 - Retaining Wall Work Sarah 3/16/26  3/20/26 5
Task 7 - Pipe Netwarks Nick 3/24/26  3/28/26 4
Redesign & Polish
Plotting and Annotations ALL 330126 4BRE 5 o]
Final Deliverables
Draft Design Report ALL 4/6/26  4/10/26 5
Draft Poster ALL 46126 40126 5
Presentation and slides ALL 4/10/268 4724128 11
Posterto Client ALL 4110126 5/8126 21
Design Report ALL 4/10/26 5/8/26 21
Present to Client ALL 5/8126 5/8126 1




Appendix B - Bridge Evaluation Calculations

Bridge ID : 012371 Lal:=41.671386 Condition rating : Fair
long:=—91.343364 Speed limit = 20mph
Bridge Geometry N s =2
L:=70 ft W pi=64 fL L’spﬂn:=35 It
b i=2.5 in W,opaai=44 ft
toup=18.5 in—t,, | 1l
Summary: B FE
YowDW+7pc-DC+7p - (LL+IM) <= Qe Py @My, < Pre o

—03.9454 kip-ft  per foot

oM, :=—93.9454 kip- ft M, :=93.94541 kip- fi

oMy, =A,-f, [d—E) Assume  f,:=60 ksi
2 Assume  f'.:=4000 psi
AT,
a= -
0.85-f-b NA:= 185 _gonin
c:=NA
, , C.:=3in
— 4000 3
8, :=mu[.55,.85—.05-u]=u.85 d:=18.5 in—C,—0.5 in=15 in
1000 psi
a:=3;-c=7.863 in
M ,
A= (My) =1.697 in”
a
d—
o)
b:=12 in
For every 1ft of slab: B:=121in
9 #4 Bars 6#5 Bar 4 #6 Bars S3#7 Bars
Al:=1.8 in’ Al:==1.86 in” Ag:=1.76 in" A}:=1.8in"
Ape:=0.440 in®
dﬂ.mrﬁ:=0.750 iﬂ
i Ay
@V, :==14.6598 kip- ft T
B . A
g:i= =4 in b6
GV:=\Fe-b-d (s) =1
. PV, . : . :
d:= =15 in Smaz = TN ((tsgap — C'c—repare) » 3 * taiay) =12.25 in

f’c'b
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Dead loads

DC - Dead loads of components
Slab -
Agon =W gap * tayen, =85.333 ft*

=0.213 ksf

1
Wegan *=Agapn* Inwics® 60 ft

Traffic barriers-
Apprrier=2+8 in+24 in=2.667 ft’

=0.006 ksf

Wharrier = Aparrier * INwe * 60 ft

Railing-

1
Wit y::.'_’jﬂ plf-S- 60 =0.003 k-'B’f

DW - Dead load of wearing surface

@:=tos* Trnga=0.029 ksf

kip

3

kip
‘rnw.s-s==-145'ﬁ, +0.005-

**Normal Weight Concrete +
steel reinforcement
Fawe=0.145 h’:
Jt

Assumptions:

@:22.5 in

Woearing surface is HMA
kip
It

Yinai=0.140

27
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Flexture - DC

Flexture - DW
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Live Load
Truck loads R
from Iowa Dot Bridge Rating Manual- Type 4 p———
Type 353A e o
Type 3-3
Type 453B g
Type 453 Re=—n

For reinforced concrete slab bridge

One Lane Loaded Ly =min (Lyqy, 60 ft)
W, :==min (Wm,:m _ft)
E=10.045.0-1/L,-W,

E:=10+5-V35-30=172.019
E:=172.019 in=14.335 ft

Multiple lanes Loaded
WI =min (me ,60 f t)

E=84.0+1.44-\/L,-w, <= 120-W ]
) N 12.0-60 Njp:=—=3.667

E:=149.989 in=12.499 fi

Use minimum
E:=12.499 ft
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Maximum Moment Envelopes

Type 4 Truck

Type 353A Truck
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Type 3-3 Truck

Type 353B Truck
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Type 453 Truck

Lane Loading
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Maximim Shear Envelopes

Type 4 Truck

Type 353A Truck

Type 3-3 Truck
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Type 353B Truck

Type 453 Truck

Lane Loading

Table A.1 Moment values from Robot Analysis
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Analysis Resuls - Flexture (kip-fi/fl)
- - e L Typed L) - Type & LLType 353A LLA) - Type 3534 L Type 33 L) -Type 33 L Type 3538, LMy - Tpye 3538 L Type 453 L) - Type 453
0.0 0.00 0.00 0.00 0.00 0 0 0.00 ] o 0 0 [ [ 0 0 [] [ 0 0 [ [
01 284 123 11857 1547 1444260361 - 10331 13.03162653 = 98.31 1343 1249088307 = 107.68 1393 1349450358 = 115,04 1387 1427970838 =
0z 1496 208 19660 2094 2436973958 - 168.95 2142855829 = 158.51 2696 20.3166833¢ = 18282 2735 2298880709 - 18403 2719 2400831974 -
03 18.36 256 28590 4641 3039979198 -0.70448036 | 204.44 2598809505 -0.10540043 |  183.77 4044 2432067365 -0.06822154 | 22131 - 24204 4078 28.88805512 =
04 19.04 266 26758 6188 3286354108 21938075 | 21343 2710152012 139574366 |  191.88 53892 2480841657 10.12620826| 23865 153833107 | 263.39 5438 3241768942 139574365
05 17.00 237 25268 7735 3080761661 -431038483| 189.63 2611984158 178.Te 674 2294508161 325162013 | 228.48 349103928 | 24864 6797 3037712622 -
06 1224 ERg) 21022 o782 75852540 | 15821 196575166 585711657 | 15485 2088 s783047 | 19881 090768 | 21437 8157 2563341867 -5.85711657
o1 276 066 15866 10829 17.98045244 -10.42529 122 13.03672294 -9.02814625 [ 10835 9436 1262705016 -6.94301944 | 143.95 9751 16.41519322 -927820626 | 155.15 9516 17.60696856 -9.02814625
0 44 078 5338 12376 761STI3257 144236179 |  60.05 5138330828 128264261 | 87 107.88 4778852300 127308885 | 9252 11144 8590415233 13112885 | 862 1189 8281830546 -13.0064725
0y -18.35 256 - 13923 B -19.0491959 - B -19.3439475 - 42133 - 171444835 | 1383 15288 B 206030806 | 2268 -169.38 B 222584767
o1 3300 78 - = = 243020242 - = 341022482 - 213,07 = 30513089 - 22098 = -31.8684802 - 23908 = 333031202
11 18.38 256 1012 = 185394992 | 1591 = 203665333 - 12858 - 71371 | 2582 15877 = 211284183 | 2572 -162.32 = 21612577
1z a4 076 105.16 11950 9935418834 -13.9703176 | 100.81 9.472541803 -10.5226818 |  87.95 5134 810412833 -9.80876876 | 107.32 10765 1016526122 -12.7093768 | 10067 1156 9.457644612 -13.5553248
12 478 086 179.92 10457 2024270742 100294504 | 16455 1860720858 7.01170494 |  148.58 7147 1690788463 647540803 | 17111 9109 19.30524842 859506381 | 184! 10115 18.60720858 -9.66553324
14 1224 ENg) 23466 6963 277924474 671476918 21556 2576217257 2255468437 |  189.99 51 2303917913 -366829346 | 217.66 807 2598350268 -5.48468677 | 21558 867 2576217297 -6.40299224
18 17.00 237 25506 7468 02733819 | 24214 2068507080 -187256581 | 20665 5084 2501080685 -1.48040516 | 245.85 6506 3008191055 -2.00262421 | 24214 7225 2968507089 376770142
18 19.04 266 25075 5975 31.03028722 194055506 | 248.86 30.88917513 -0.22573606 | 20487 4067 2620826855 B 25118 5205 3143604288 -1.13021042 | 24894 E 30.89768782 174205336
ENg 18.36 256 22308 4481 2797154072 053400674 2308 27.97154972 = 18311 308 2371840147 = 2118 3004 2777043764 = 22308 4338 27.07154972 -0.37887031
18 1496 208 181.3% 2988 226713097 -0.ETATMMS | 18193 227287703 B 15128 2033 19.45734839 - 182.65 2602 2067827826 - 18193 289 227287703 B
19 .84 123 105 1494 1328168653 = 10566 1326168653 = 9364 1047 12.00265621 = 95.55 1301 1220589647 = 10566 1445 1328168653 =
20 0.00 0.00 0.00 0.00 (] 0 0 0 [} (] 0 [} [ (] 0 0 [ (] [] [] (] (]
Analysis Results - Shear (kipift)
XL DC Typed Loy -Type & L Type 353A L)~ Type 3534 L Type 33 (L) - Type 33 L Type 3538 (L) - Tpye 3538 TLType 453 L) —Type 453
[X] 251 041 872 442 4792191375 B 35.36 388 4.434658773 B 33.99 385 428887911 B 35.43 398 1128427011 B w22 495 4738987119 B
) 212 030 3321 442 4037305985 = 2052 288 3634018721 = 2808 385 2431854548 - 2076 398 0853338391 = 87 495 3990487239 -0.0340468
0z 13 01s 26.40 -442 3122803825 -0.1S670054| 2245 388 27024952 -0.08s2399¢ [ 2084 385 2541819345 009604768 | 2476 -587 0584095306 -0.31099288 |  26.05 917 3085566845 -0.66214097
0z 058 008 2152 S0 2424321946 040827266 | 1772 864 2019969508 07840588 1618 509 1856100488 040720858 2049 01 0331915645 08330671 | 2124 1322 2304507562 127230078
04 018 003 15.51 220 1605532447 134298744 | 1219 1612 1252316185 -1.76010881 1067 -1029  1.090575248 -1.13974718| 1547 1466 0.071242906 -160475238| 1533 1665 1.585438915 -181969758
0s 087 EXn 1148 1738 0004350840 206062885 | 905 2118 0738970118 247778022 747 147 0538931114 17 1183 1889 - 223407473 1133 2234 0981500527 250084324
05 175 024 870 2355 0311304904 290851689 | 466 2715 0.094231539 32806235 3.7 1972 B 2500008 749 2398 - 295330828 | 673 2705 031449716 -3.279982
or 283 038 368 2188 - 354911503 | 228 3108 = 238843001 | 115 2378 = 311300811 | 492 2168 B -3.82570808 4t 304 = 378834283
08 330 046 0.37 3302 - 427527002 - 3547 - 453597088 - 2355 - 290803248 | 177 a2 - 416573334 | 158 3358 B 433485379
0s 408 Erd - 3837 B 431008288 - 3819 = -£.00481837 - 3548 = 471731338 - 3683 s 484708377 - 3841 = 81520022
ot 43 (] - 4038 - 347888813 4135 4102 5573085863 324478758 4237 4285 5828618289 344057925 399 3827 1719022508 295216417 | 4416 4008 5819089527 -3.14476358
1 408 057 4460 - 5686694936 = .86 - 4.863083( = 37.03 - 4.33118248¢ - 3699 - 146027463 = 4068 - 5.269573 =
12 3.30 04 4@0.70 - 5092487399 - . 409850372 B 2978 - 3930506441 - 2284 047 1479900277 B 3575 228 4565765261 -
13 253 035 34.87 033 429291143 = 27.88 S92 3549115929 = 2695 3236403072 B 2986 257 | 09270402 = 3181 47 3867301 =
14 175 02t 011 413 3507192575 -0.0362348 | 2287 805 2836794344 045442035 1989 2519697576 - 2512 504 06714953 023947516 | 2595 $52 3164533163 -0.50336827
15 0s7 01e 2332 568 2705464437 069960797 |  18.36 1179 2230862671 103053644 1586 1911656933 036442115 | 2138 909 0427434492 074323546 | 2242 1178 102947436
16 019 00 18.86 1523 2051668133 157579806 1325 1657 1454716377 171838547 1076 1108 1189759181 113420274 | 1691 37 0171404089 141299304 17.12 £57 1866517321 -0.65430034
i 058 008 1325 2048 127550204 -2.30940075 89 2044 081262501 -230940075 5 41519 0706216497 -175075606 | 1355 175 - 199655972 | 1272 2046 1219105528 -230340075
18 138 018 290 2591 0633410673 -3.07068%65| 398 2591 010988079 -2.0708606s | 3¢ 2144 010988079 25050236 249 2324 - 278sssse2 | 727 2591 0.450084787 207065965
19 214 030 421 3019 - 370531242 3t -30.19 - 70531242 28 2684 B 33275622 486 2128 B 339353548 413 -30.19 B 370531242
20 291 041 427 -36.08 - 311 3605 = osoes | 28 2418 = 430000573 | 488 3324 - 420007273 | 413 -36.08 = 08

Table A.3 Lane Loading values from Robot Analysis

Lane Loading

Moment

Shear

0.0
0.1
0.2
0.3
0.4

-]
0.6
0.7
0.&
0.5
0.1
1.1
1.2
1.3
1.4

)
1.6
1.7
1.8
1.9

2.0

0
2548
4312
32892
o24.88

45
3528
1372

-15.68
-52.52
-98
-52.592
-15.68
1372
3528
45

ccCc

Il

3282

4212

3.48
0

&.4
6.16
3.92
1.68

-0.5
-2.8
-5.02
-1.28

-8.5.
-11.78
14
11.76
8.5
7.28
5.04

2.8

0.5
-1.68
-3.92
-5.16

-84

Table A.4 Type 4 Flexure Calcs



Type 4
Flexure

0.0
0.1
0.2
0.3
0.4
0.5
0.8
0.y
0.2
0.5
0.1
1.1
12
13
1.4
1.5
1.6
1.7
1.8
1.9
2.0

Typed
Shear

o
0.1
0.2
0.3
o4
0.5
0.6
0.7
o.e
0.8
0.1
1.1
1.2
1.3
1.4
1.5
1le
1.7
1.8
12
2.0

11.05
187
2285
238
2125
153
3.45
5.8
-22.85
-42 4873
-22.85
5.8
3.95
153
2125
238
2285
187
11.05

3.6375
2675
1.7
0.725
-0.2373
-1.2125
-2.1B75
3.1625
-4.125
-5.1
6.075
3.1
4,125
3.1625
21875
1.2125
0.2373
-0.725
-1.7
-2.675
-3.6373

1.845
3.135
3.84
3.99
3.555
2.565
0.99
-1.14
-3.84
-1.125
-3.84
-1.14
0.99
2.565
3.355
3.99
J.a4
3.135
1.845
0

0
1877538443
31.88072546
35.519720958
4272250341
40.04530155
33.99434995
23.37450117
5.900427234

12916048445
26.31551954
36.13018161
40.379125853
40.41737335
36.36301454
2947270252
172661525
0

-0.91582447
-2.8515945975
-5.60350025%
-9.86213137
-13.5352877

-18. 7507033
-24.7538547
-31.3826314
-24.101 34585
-18.1614125%
-13.0382855
-8.72815954
-5.235535964
-2.53442275
-0.654458475
-1.13581246

1]

Table A.5 Type 4 Shear Calcs

0.E13
0.45
0.2B5
0.12
-0.045
-0.21
-0.36
-0.525
-0.68
-0.B55
1.02
0.B35
058
0.525
0.36
0.21
0,045
-0.12
-0.285
-0.45
-0.613

S.22584R7ER
5.24B45508
A.059652772
3.131618525
2.087270182
1.2826687413
0404656376

7.382703416
6.620233615
5.5807B4B83
4.689350348
3.517103768
2.65671688573
1.658152852
0.823433R75

-0.2037107
-0.533075448
-1. 74588387
-2.8TBE1751

-3. 7812017
-1.61385071
-3.33783103
-5.25423874
-1.125659158

-0.04710537
-0.20943038
-2. 04853748
-3.00222028
-3.991B70585
-1.81680615
-3.85050484

Table A.6 Type 3S3A Flexure Calcs

]
31.67038443
33.51572646
66.30072558
T0.51250341
64.35480155
31.85934995
27.81450117
1.950427234

-268.79
-45.6123
-26.75%
45978044484
33.25551964
233.99516161
65.18412553
6820737339
63.15301454
31.30770252
3016115925
]

10482348752
8.373455308
6.044652772
3.5596618525
1804770182
-0.12583255
-2.14280382
26375
-4.815
-5.855
7.085

-1.18156613
-3.125
-4.2525

]
12.895
21.835

2587417553
24 93805024
18920145972
6.002858625
-9 11287703
-26.6907033
-51.3538547
-81.2051314
-50.85134585
-26.1014125%
-5.08828545
9.135800054
15.56046036
2525557725
25.09550524
20.59918754
12.885
]

4.2325
3.125
1.781285303
0.31424554
-2.02B38387
-4.10131751
-5.3287017
-1.57635071
-10.3728351
-12. 2052387
2.565308025
5.8955
4.815
3.6B75
2.500384632
0.513005641
-1. 78803748
-3.84722058
-5.976B70585
-7.84130615
-10.1130048
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Type 353A
Flexure

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.8
0.1
1.1
1.2
1.3
1.4
1.5
16
1.7
1.8
15
2.0

Type 3534
Shear

0.0
0.1
0.2
0.3
0.4
0.3
0.e
0.7
0B
0.8
o1
1.1
1.2
1.3
1.4
1.5
1&
1.7
1.8
1.2
2.0

11.05
187
2285
238
21.25
15.3
3.45
£.B
-22.85
-A2.ABTS
-22.85
£.B
3.85
15.3
21.25
238
22.85
187
11.05
o

o
1.845
3.135

3.84
388
3.393
2.565
022
-1.14
-3.84
-7.125
-3.84
-1.14
088
2.565
3.565
388
3.84
3.135
1.845
o

o
15.84111445
27.B5725578
33.7RAR2358
35.23157818
31.35572405
25.55477158
18.894773582
6.675930074

12.31430434
2418837113
33.49082487
38.58185215
40.15582787
35.36301484
2554740135
17.2861525
o

-0.13702058
-1.B1448E78
-4.305953488
-7.61425154
-11.7385501

-16.6743539
-23.1471318
-4, 3328228
-26.4764933
-13.6754BE4
-5.11521842
2.5932108565
-2.43433555
-0.2534584R

Table A.7 Type 3S3A Shear Calcs

3.6375
2673
1.7
0.725
-0.2375
-1.2125
-2.1873
3.1625
-1.125
-3.1
g.073
5.1
4.125
3.1625
2.1B73
1.2125
0.2375
-0.725
-1.7
-2ETS
-3.6375

0.615
0.45
0283
0.12
-0.045
-0.21
-0.36
-0.525
-0.69
-0.B535
1.02
0.B55
0.69
0.323
0.36
0.21
0.045
-0.12
-0.283
-0.45
-3.615

5.765056405
A T2A2X2A33R
3.51324506
2.6255680477
1.628011041
0.960672804
0122501

7245271622
6.322020552
5.325454835
4.613850708
3.687833427
2500147212
1.851131231
1.058412513
0142845028

-0.12801152
-1.02044844
-2.28814145
-3.22107325
-4.277R1022
-5.05238015
-5.89676214
-5.50600128
-4.21822388

-0.59074848
-1.33%655508
-2.23350111
-3.00222058
-3.899187055
-41.81630615
-5.86050484

Table A.8 Type 3-3 Flexure Calcs

o
2383811445
4569225578
60.57452358
63.02157818
36.16072405
43.41577158
2138773502
-1. 28406553

-26.78
-15.6125
-28.79
4.374304344
31.12837115
51.35582487
63.359685215
67.94552787
53.153301484
51.38240135
30.1611525
o

10.0175564
T.BASZ2AIR
345824508
3.470560477
1.345511041
-0.46182715
-2.42455%
2.8375
-1.815
-3.955
14234027182
1227702056
10. 14045484
8.301350708
§.235333427
4322847212
2.173831251
0.211412513
-1.84213457
-3.125
-41.2525

o
12.B85
21.835
26.65257544
25897553324
20.45804512
10.25074B48
-7.25655013
-24.6143539
-31.8371318
-53.89454228
-53.2664933
-21.6194B84
-2.17521842
20.79710857
22 37066445
27 49854052

26.75

21.835

12.885

o

4.2525
3.125
1.B53588B073
-0.17544844
-2.57064145
-A1.64357525
-5.82531022
-2.41488015
-10.7117821
-12.4610013
2878778142
5.855
4.815
3.5B753
1.55675354
0.0B2800024
-1.85140111
-3.BA722058
-3.897687055
-7.84130815
-10.1130048
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Type3-3
Flexure

0.0
o1
0.2
0.3
0.4
0.3
oe
0.7
(LX)
0.8
ol
1.1
1.2
1.3
14
1.5
16
1.7
18
13
2.0

Type3-3
Shear

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.5
0.1
1.1
1.2
1.3
1.4
1.3
18
1.7
1.8
12
2.0

11.05
187
2285
238
21.25
153
3.45
£.B
-22.895
-42 4875
-22.85
£.B
5.895
153
21.25
238
2285
187
11.05

1)
1.845
3.135

3.84
3.55
3.535
2.065
0.55
-1.14
-3.84
-7.125
-3.84
-1.14
0.55
2.065
3.585
3.55
3.84
3.135
1.845
1)

1)
16.24845916
2541185614
31.61887575
32.25084168
Z3.B2BE1505

23.0885752
18.41518521
6.212521002

10.53536683
21.38022402
23.85083287
33.68330551
307074406
30.83352151
23.3073342
15.60345308
1)

-0.08%3B8R
13.16678774
-1 22710817

-7. 3188031
-11.6255253
-16.549856
-22. 2BTR2BE
-38.6670158
-23.2873E22
-12.BB26554
-B. 41802784
-4, 7EETR1S
-1.53834371

Table A.9 Type 3-3 Shear Calcs

38375
2675
1.7
0.725
-0.2375
-1.2125
-2 1875
3.1625
-4.125
-5.1
6.075
3.1
4.125
3.1625
2.1B75
12125
0.2375
-0.725
-1.7
-2.873
-3.6375

0.615
0.45
0.2B5
.12
-0.045
-0.21
-0.36
-0.325
-0.69
-0.B55
1.02
0.B35
0.69
0.525
0.36
0.21
0.045
-0.12
-0.2B5
-0.45
-0.815

5.575542843
4.5264102913
3.304365149
2412530834
1.41774782
0.700610445

7317203776
£.345537243
5.108658373
4. 205923504
3. 275606849
2485134012
1.548688535
0.51B081447
0.142B45028

-0.124B8155
-3.52837115
-1.481€7133
-2.3246B5508
-3.2500104
-4.04B07883
-5.07784223
-45.1325074
-1 47275302

0. 4737473
-1.47448358
-2.27558288
-3.37353068
-4, 325383087
-5.6001B2575

Table A.10 Type 3S3B Flexure Calcs

1)
2314445916
48.24885614
58.406887575
&0.04024168
34.63361509

4259545752
20.85518521
-1.727475
-28.79
-48.6125
-28.79
2.585366825
2892022402
4781583287
58.4BB530551
&1.B6074406
37.62352151
47.1425342
28.45845308
1)

5.82B042B43
7.651410213
5.2B9365149
3.257530834
1.13524782
-0.721BB555
-2. 3475
28373
-1.815
-5.855
14412378
1230053724
5.524658373
7.B57423504
5.823106B45
3.507e34012
1.825188535
0.073081447
-1.84215457
-3.125
-4.2525

1)
12.B85
21.835

28700012
A0.895678774
20.577853R3

103481568
-7.18552527
-24.ABSR5E
-A15.0778288
-85.2785158
-50.0773622
-20.8226554
-1.47B02784
13.0862185
22 BEBRESEZD
2778
2673
21.835
12.885
1)

4.2525
3.125
1.860138011
0.31382B85
-1.78417133
-3.74718558
-5. 7975104
-1.41057885
-3.85284223
-12.0875074
262224858
3.859
4.815
35875
25475
0.8487325
-1.1315E358
-3.1205B8288
-3.353853068
-7 AS0E3087
-8.85432575
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Type 3538
Flexure

0.0
0.1
0.2
0.3
0.4
0.5
0.8
0.7
0.8
0.9
0.1
1.1
1.2
1.3
1.4
1.5
18
1.7
18
12
2.0

Type353B
Shear

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.8
0.1
1.1
1.2
1.3
1.4
1.5
1&
1.7
1.8
1.8
2.0

11.05
18.7
22.85
238
21.25
13.3
3.45
5.8
-22.85
-A42 4875
-22.85
5.8
5.895
13.3
21.25
238
2285
18.7
11.05
1)

1)
1.845
3.135

.84
359
3.5385
2.369
0.59
-1.14
-3.84
-7.125
-3.84
-1.14
0.58
2.369
3.555
359
3.B4
3.135
1.845
1)

1)
17 54285483
25.BBaleo22
36.11B1&B85
38.72206B57
36.69675604
31.17101288
21.33575118
11.1675358

13.21483555
25.09682255
33.77B30348
35.10648372
A0 A7EEE57E
36.101536B53
2E.BB17E174
15.868768541
1)

-1.95383035
-1.53835107
-7.Bo225800
-12.0818881
-17.0484845
-26.7205048
-41.03511
-27. 4682438
-16.5221858
-11.1735827
-7. 13005281
-3.50341147
-1.46527354

Table A.11 Type 3S3B Shear Calcs

3.6375
2875
1.7
0.723
-0.2375
-1.2125
-2 1875
3.1625
-41.125
-5.1
6.075
3.1
4.125
3.1825
21875
1.2125
0.2375
-0.725
-1.7
-2673
-3.6375

0.615
0.45
0.2B5
o1z
-0.045
-0.21
-0.38
-0.323
-0.68
-0.855
1.02
0.B33
0.62
0.525
0.36
.21
0.045
-0.12
-0.2B5
-0.43
-0.815

1.466855115
1.122335308
0.7589325158
0.431430335
0.082615777

223472526
1.838357031
1.53387036
1.205152325
0.B72754385
0.35566484
0.222825316

-0.40423074
-1.0B407B73
-2.0BE17B02
-2.50425714
-3.83830074
-4. 38341787
-5.41675334
£.0412083
-3.83781343

-0.31131771
-0.3862061
-1.83683025
-2.58552784
-3.8225266
-4.411538613
-5.47172454

Table A.12 Type 4S3 Flexure Calcs

1)
30.43785463
51.72018522
62.50B16B85
66.51206B57
61.50175654
4303601288
25.77975118
3.227535803

-28.75
-A48.6125
-28.75
5.274AB38587
32.03682255
51.64355348
63.5114R372
6B8. 26685575
62.B9156B53
4871678174
28.76266541
1)

5.718455115
4247335508
2744325158
1.278450335
-0.1B9ER422
-1.4225
-2.5475
28375
-41.815
-5.855
9.32872526
7.B33357031
6.34BB7036
4.B82E52325
3420254385
1.57816484
0.505325316
-0.845
-1.8B5
-3.125
-1.2525

1)
12.885
21.835

%78
25.78016561
20. 26664853
S.572703018
-T.621e8R13
-24. 9864845
-33.53805048

-20.84761
-5..25€2438
-24. 46218508
-1. 23358265
1073480715
20.50158853
2632072646
2679
21.835
12.885
1)

4.2525
3.125
1.580705257
-0.23807B73
-2.36BETR0S
-1.32675714
-45.3BER00TA
-1.245381787
-10.2317533
-11.5562085
3.2571B8575
3.855
4.815
36875
2238182255
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Typed53
Flexure

0.0
0.1
0.2
0.3
0.4
0.5
0.8
0.7
0.8
0.9
0.1
1.1
1.2
1.3
1.4
1.5
18
1.7
18
12
2.0

Type 453
Shear

oo
o1
0.2
0.3
o4
0.5
0.6
0.7
0.8
0.8
o1
1.1
1.2
1.3
14
1.5
18
1.7
1.8
1.5
2.0

1) 1)
11.05 1.845
18.7 3.135
22.85 .84
238 359
21.25 3.5385
13.3 2.369
3.45 0.59
5.8 -1.14
-22.85 -3.84
-A42 4875 -7.125
-22.85 -3.84
5.8 -1.14
5.895 0.58
13.3 2.369
21.25 3.555
238 359
2285 3.B4
18.7 3.135
11.05 1.845
1) 1)

1)
1B.5637375
31.32521562
3B.5B577166
A2, 142556524
39.45104408
33.32344428
22.BR305512
10.76637571

12284530
2418537115
3345082487
38.58185215
A0.16682416
36.36301484
25.54740138

17.2881525
1)

-1.81448876
-1. 305325488
-7.61425134
-11.7385501
-1B.0784143
-28.9380157
-43.2240583
-28.0563501
-17.6215218
-12.5651532
-B8.323BB591
-1.85801184
-2 26487717
-0.4525314

Table A.13 Type 4S3 Shear Calcs

1)
31.45B87375
33.16021562
85.77577166
69.593255524
6. 25604408
3118844420
27.328055912
282637571
-28.75
-A48.6125
-28.75
4.354937555
31.12537115
51.35582487
63.35685215
67.55650416
63.15301484
51.38240138
30.1811525
1)

3.6373 0.615 &. 160683255 10.41318325
2675 0.45 5.187633411  -0.04543083 B.312833411
1.7 0.285 4011236855 -0.Be07R326 5.9596236B50
0.725 0.12 3.112885831 -1.65400272 3557885831
-0.2375 -0.045 208237059 | -2.36560685 1.77587009
-1.2125 -0.21 1276067685 | -3.368770622  -0.14843231
-2.1875 -0.36 .40BR4A6308  -4.26397712  -2.13B65369
3.1825 -0.525 -4, 52054568 26375
-4,125 -0.69 -5.63531643 -4.815
-3.1 -0.855 £.25577158 -5.855
&.075 1.02 7.5684816385 -4.0BRB15266 14.658B1639
2.1 0.855 6.850445636 12.80544564
4,125 0.69 5.535485484 10.75045484
3.1825 0.525 5.157491755 B.B4ASD1750
2.1875 0.36 4,113883111  -0.65437875 €.6613583111
1.2125 021 3352605808 -1.33R31867 4.815105808
0.2375 0.045 2426472518  -0.85059045 2708572518
-0.725 -0.12 1.584R837187  -3.00222088 0.7385837187
-1.7 -0.2B5 0.587254236 -3.99187085 -1.3B704576
-2.873 -0.45 -4, 81620615 -3.125
-3.8375 -0.815 -5.86050484 -4, 2525
Table A.14 Unknowns for Calcs
te 1 O 1.25
ts 1 o 1.5
[hMn) 93,94542283 yLL 1.3

AADT=1000

1)
12.885
21.835

%78
25597553324
20.45504512
1025074848
-7.23655013
-26.0184143
-35.7280157
-82.9085563
-5..8883501
-25.5615218
-3.62515322
2.541110082
1550658818
25.52532283

26.257A6BG
21.835
12.885
1)

4.2325
3.0785659166
1.124218737
-0.B0200272
-2 54810885
-A1. 75020622
-5.81147712
-2. 28344588
-10.4503184

-12.214772
3.006B07345
5.8935
4.813
3.6B75
1.85312125
0084183335
-0. 36802045
-3.84722058
-5.5976B7055
-7.84120815
-10.1130048
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Appendix C — Retaining Wall Design Calcs

4th Street Segmental Retaining Wall Design

Wall Height H:=6 ft
Embedment d:=1fi
Backfill Slope  3:=0 deg

Backfill ¢yi=33 deg  7y,:=120 pef Insitu  ¢;:=32 deg ~;:=110 pef
Soil Soil 8=,
2 1 1
Opi= 3 - ¢, =22 deg

Use coulomb method: Block selection: Keystone Compac
DL:=50 psf LL:=100 psf offsets 1"
HL‘! =8 in
D,=12 in =120 psf

batter:=7.1 deg
a:=90 deg+ batter=97.1 deg

Active Earth Pressure in backfill zone

1= sin(rlz-ff?b)(. : ) , ( | )) —=0.217
sin(a 2 AT sin (¢, +8,) +sin (¢, — 5
sin(a)” -sin (a4, [H\/ Enzas

K ghorizi=K, - cos (5a—batter) =0.21

Geogrid Placement
Lowest layer at 1st block joint 8,:=0.67 fi
space subsequent layers 8y:=8,-2=1.34 ft
ever 2nd block o.c.



Tension to bottom layer

8 +8,)—0 b
Tu==Kqu:'z'Tb'{H_51}°[(l 22) ]=134_99 _f:c

Select Geogrid Titan Earth Grid 15 FS:=15

= =1027.826 E LI =685.218 ﬂ > Tu QK
m ft FS ft

LTDS:=15

Check Connection Strength

[ X Ibf
N-: {H—SI} "T: 639.6 F
280 |il'b;:f-I—D..‘ll-f"'.f b
Peak Connect peak = =724.851 f
FS t
3/4" serviceability 519 %+O.M-N =
Service = f =608.544 —'f
1 It
*BOTH need to be = Tu OK
Saftey factor
SFo min(LTDS , peak , service) _4508 >15 0K
T,
11
check embedment debth H,,=(H-s,)-7,=639.6 - -1bf
T Cl-:=l}'g
L= - =0.181 ft
L)=L,+1 ft=1.181 ft Loaasaro=Lo+3 ft=4.181 fi

+1 ft per NCMA AASHTO requirement
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Tension to layor #2

(2-s+8,)—8) . _ _ Ibf
O e R

Select Geogrid Titan Earth Grid 15 [FS:=1.5

ﬂzlﬁ??.ﬁ?ﬁ ﬂ s =685.2158 ﬂ = Tu OK
m ft FS ft

LTDS:=15

Check Connection Strength

N:=(H—(5,+55)) -y=478.8 i1

889 ﬂ +0.31-N
It

—— Ibf
Peak Connect = =691.610 —
eny FS t

3/4" serviceability 519 Ih{+ﬂ.14-N Ih
servicd =— e ] T -=586.032 {

1

*BOTH need to be > Tu OK
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Tension to Top layer

Tyf=Kanoriz* Vo (H— (H—3,)) - (H— (H— (5, +35,))) =33.93

Select Geogrid Titan Earth Grid 15 FS:=1.5

LTDS:=15 m:lﬂ??.SZﬁ o LIS

=685.218 ibf
m ft FS L
Check Connection Strength
— b
Ni=(H—(H—s,))-7=804 s
Jt
889 %A—D.SI-N b
Peak Connect peaki:= f =609.283 1of
: FS ft
3/4" serviceability 519 oy +0.14-N
SETVICE = It : =530.256 L
*BOTH need to be > Tu OK
check embedment debth H,,j:= (H—(H~3,))-7,=80.4
= 0.361 ft C=09
© 2-H,,-tan(¢y)-C;
:L'el:=Le+ 1 ft= 1361 ft :L(‘AAS”TQ:=LE + 3 ft="1.361 _ft
+ 1 ft per NCMA AASHTO reguirement
Check available embedment debth coulomb rupture angle

Leasaiane=(10 f£=1 ft) + (H—s,) - tan (batter) - tf(;s,))
CRA

, of

=5.515 fi

= Tu OK

1
72

-Ibf

dcpa=52.1 deg
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Overturning Moments

Effective Height — H,:=H+ j -H-tan(8)=6 ft

;ﬂ::ﬂﬂ deg
* ¢ 2
SN (o + @
K, = ( _‘}qb YT =0.277
2 sin (¢;+4;) - sin (¢; —
sin(a) -sin(a—4&)-|1+ ( _(1 ) : (6=)
sin (@ —d;) +sin (a— )
K horiz =K+ cos (8;) =0.235
Earth Pressure Base Width (trial)
H by W=.1-H=0.6 ft
Force Fep=Kporiz*"i* =465.284 F
Distance Dpp=4 ft
Moment M pi=Fyp+ Dyp=1861.138 !b';ﬁ
Resisting Moments
FOI’CE F“JM:=H'T=T2G Ib{ FWEETEH:=H.W.FJY§=1132 !-:"‘tf
Distance D=4 Ft Dyonrin=4 Jt
Ibf- ft Ibf- ft
Moment Myyian = Fvan * Dyyaan = 2880 j;.tf Myyoarin=Fwearin* Dwearin=1728 ';tf
Ibf-ft

M
Overturning OSF:=— 2t

Saftey factor Mgp
Ratio

=2.1476 >2 50 QK




Check Sliding at base D=9
1 . Ibf
Sliding Resistance Ry :=F - tan (¢,) =1451.702 - ft
T R,
sliding Saftey SSF:=——=3.12 OK
Factor 'EP
Check Soil Pressure B:=W=0.6 fi
M,,..—M;
Eccentricity ee B Moa=Mer 5 e, It
2] Fiar
Effective bearing L,=B—2-e=4.769 ft
length
. Fitar :
Bearing pressure q:= =241.567 psf
el
Allowable Bearing Pressure Assume no cohesion c=0
For ¢o= 32 deg N,=23.2
N,:=30.2

Qi ="i-d+Ny+0.5-%;+ Ly - N, =10473.074 psf

Soil Bearing Ratio  SBR:=—"'_ 43.355 OK
q

** Trial W can be 0.1 of H so now testing having no Geogrid and just using the

block.
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W:=12 in

48

Resisting Moments

Force Fovwad=H-7y=T20 Bof Fiyegral=H +W « ;=660 o7
Wi It L= It
Distance Darwad=4 It Diweard=4 Ft
Ibf-ft Ibf- ft
Moment M= Fwwan * Dywan = 2880 - i‘tf M We:_md = F'yeartn * Dwearsn=2640 - '-fftf
— Ibf
M goad =M g+ Myyears, = 5520 Ib;ﬁ
. . My
Overturning OSF|:= =2.966 =2 s0 OK
Saftey factor EP
Ratio
Check Sliding at base hd:=.9
I . . . Ibf
Sliding Resistance R =F pq tan (¢,) =1739.018 i
I R,
Sliding Saftey SSF:=—"—=3.738 OK
— Fgp

Factor



Check Soil Pressure B:=W=1 ft

*l B Myu—Mpp

Eccentrici =—2.151 ft

b 2 Fooh pLE
Effective bearing L?b =B—2.e=5.303 ft
length |

: - Fu
Bearing pressure 9= =260.245 psf
eh
Allowable Bearing Pressure Assume no cohesion c=0
For ¢= 32 deg NJ:=23.2

N, :=30.2
Qui=";-d Ny +0.5-7,+ Ly, - N, =11359.783 psf

Soil Bearing Ratio  SBR= "™ —43.65 OK
q
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Appendix D - Pipe Sizing Analysis

Area 4 4xC t; t, (Design) (Full)  (Full) (Design) us DS
L Inc Total C Inc Total Inlet System i [ D* D 0 4 4 T, E E Dz So
From To (f) (ac) (ac) 0 (ac) (ac) (min) (min) (ivh) (cfs) (in) (in) (cfs) (fts) (fts) (min) (f) (f) (fty 0
Green Street
2 4 235 005 0.05 0.90 0.05 0.05 100 100 388 018 2893668705 15 145974 596 6.77 058 717.00 705.00 12.00 0.05106383
4 5 34 07 027 090 0.24 0.24 100 101 38 094 7310714586 15 63641 547 598 0.09 70490 70457 033  0.009705882
1 3 235 005 0.05 0.90 0.05 0.05 100 100 388 018 2907550114 15 139759 526 4381 081 717.00 706.00 11.00 0.046808511
4th Street
2 3 200 041 041 0.90 037 037 100 120 453 168 6761469552 15 140788 629 595 056 73790 721840 950 0.0475
21 3 51 207 207 0.90 186 186 100 120 453 849 1134624283 15 178635 653 691 012 72990 72600 390 0.076470588
42 43 46 138 138 090 124 124 100 120 453 566 1158353577 15 112695 645 616 0.12 71840 71700 140 0.03043

Table D.1 — Stormwater Pipe Sizing
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