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Section |. Executive Summary

White Oak Conservation Center is a focal point for Mahaska County, lowa that currently
provides scenic trail routes and access to a 20-acre lake, amongst other amenities for residents
and visitors to enjoy. To keep this area as a destination spot, our student engineering group has
proposed rehabilitation services in various sectors for the betterment of the site. Our student
group has expertise and applicable experience in different areas of civil engineering design, such
as structural, transportation, land development and water resource design. This experience aided
the team’s ability to provide quality and innovative designs for site improvements. One of the
major amenities of White Oak Conservation Center is the 20-acre lake which includes boat ramp
access and is used for recreation and fishing. Along with the lake, the site has mowed walking
paths with multiple pedestrian bridges across small streams, as well as pavilions and playgrounds
that can be accessed via gravel roads. The conservation area is a great attraction to citizens of
Mahaska County as well as visitors who enjoy the many activities and scenery this site has to
offer.

The scope of our restoration project can be broken down by design element. The design
elements our team worked on were as follows: an evaluation of the lake, new pavilions, new
pedestrian bridges, enhanced roadways, new parking lots, an upgraded boat ramp, rehabilitated
walking trails, and a new playground area. An overview of the design process and end products
for each amenity on site can be found below.

1. Lake Evaluation

The White Oak Conservation Center is home to a 20-acre lake that is currently
having problems with water quality. It is surrounded by four satellite ponds and a south
subbasin. We created a HEC-HMS model to evaluate the inflows for the main lake.
From this we found that all the satellite ponds flow into the lake. Our key finding was
that greater than 90% of inflow into the main lake comes from the south subbasin. This
indicates that most of the sediment inflow for the main lake is coming from the south.
Because of this we are recommending hydraulic dredging to solve the sedimentation
issue and to improve water quality. Sediment removal is recommended in the south end
of the lake and in the deepest portion of the lake, near the upper northwest of the lake.
Proper and routine maintenance is also recommended for the south subbasin sediment
collection structures and the satellite ponds to maintain effectiveness and prevent a
future dredging need.

2. Pavilions

Designs to replace the existing steel pavilions were completed to improve
aesthetics and cohesion with the natural aspects of the site. The pavilions were designed
to be made of Douglas Fir wood, with a metal roof decking. The roofs were designed to
be double gable and valley, bearing on sheathing. The framing members supporting this
roof are purlins spaced two feet on center, which are connected to girders. The girders
and architectural trusses that are exposed by the gable roof design bear on columns
which are supported by knee braces. This knee brace connection is essential for
minimizing the effect of wind forces. Both pavilions will utilize the existing slab that
vary in size, with the northern Cardinal pavilion on a 45°x25’ slab and the southern
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Robin pavilion on a 25°x’25” slab. A cost estimate was performed for both the Cardinal
and Robin pavilions. Calculations were performed using ASCE load combinations and
NDS design specifications.

Pedestrian Bridges

Three of the most used and structurally flawed bridges on the site were redesigned
to allow for safe travel for pedestrians and service vehicles. The boat ramp bridge,
southeast bridge, and primary inlet bridge were designed by expanding the bridge deck
of a U.S. Forest Service typical pedestrian bridge to 8’-9”, meeting ADA requirements
as well as allowing for easy access and multi-direction travel. Supporting the Douglas
Fir wood frame of the bridge are concrete abutments designed using a 10,000-pound
design vehicle loading. While varying in length and construction constraints, each
bridge was designed with the goal of creating an aesthetically pleasing, reliable, and
efficient trail network around the site.

Roadways

The existing roadways on site were deteriorating due to a long service life and a
lack of maintenance. The roadways needed to be redesigned to improve function and
safety. The design of the roadways began with our team surveying the existing
roadways centerlines and edges of pavement. Then, the software Pave Xpress was used
to determine how thick the different proposed pavement options would need to be to
provide adequate support for the roadways. Once these thicknesses were known, cross-
sections for the three roadway surfacing alternatives were created (HMA, PCC,
Gravel). These cross-sections were then applied to both horizontal and vertical
alignments to create a 3D roadway corridor. All grades along the roadways were
designed to meet the AASHTO Rural Local Road Standards. Following the completion
of the roadway design, a cost estimate was performed for the three surfacing options.

Parking Lots

The existing parking areas on site had no distinct parking stalls and were
deteriorating due to a long service life and a lack of maintenance. They needed to be
redesigned to improve function and safety. The design of the parking lots began with
our team surveying the existing parking areas edges of pavement. After surveying the
site, the number of parking spots needed was estimated to be twenty-two with three of
them being ADA accessible for vans. Once the number of parking spots was
determined, two separate layouts were created, one matching the existing geometry of
the site, and one proposing new geometry for the parking lot areas. These different
layouts were sent to the client who made the choice to move forward with the new
geometry option. Using the new geometry, the parking lots were graded to SUDAS
Section 8 Standards. Following the completion of the parking lot design, a cost estimate
was performed for the three surfacing options (HMA, PCC, Gravel).

Boat Ramp

The design of the boat ramp aimed to enhance functionality, safety, and
accessibility by addressing accumulated sediment concerns. By evaluating equipment
options to clear the accumulated gravel, we optimized watercraft launching and
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retrieval processes in compliance with U.S. Army Corps of Engineers standards.
Utilizing a telescopic front loader, we can efficiently remove sediment and mitigate
pavement damage risks. Accessibility improvements, including trailer parking
integration, ensure access for most users. The enhanced boat ramp offers an improved
experience for recreational boaters while preserving its existing location and structure.

7. Trails
The evaluation of the existing trail system reveals areas in need of improvement,

targeting safety concerns and drainage issues. Specific spots with poor drainage or
steep slopes are identified as requiring immediate attention to ensure user safety. In
response, ABA compliant alternatives are proposed for heavily trafficked regions to
alleviate strain and prevent erosion. Furthermore, alternatives for the proposed trail
extension were developed, aiming to enhance the overall trail system and provide
additional recreational opportunities while maintaining environmental sustainability,
durability, and a natural aesthetic.

8. Playgrounds

Due to the deterioration of the playground near the southern Robin pavilion, the
client expressed interest in replacement items that would add a variety of activities for
all ages on the site that differ from the newly implemented playground near the
Cardinal pavilion. The recommended design items to adhere to the client’s interests are
prefabricated outdoor games of concrete cornhole and concrete ladder toss from Doty
& Sons Concrete Products. A cost estimate was performed for the implementation of
these new activities as well as demolition of the current playground.

The total estimated construction cost for the entire project amounts to $1.17 million. The
total cost has been delineated across three distinct phasing plans, each with certain tasks. Project
funding will primarily be sourced from the client; however, financial support can be pursued
through grants provided by the lowa Department of Natural Resources. These grants include, but
are not limited to, the Resource Enhancement and Protection (REAP) program, the Wildlife
Habitat Stamp Fund program, and the Water Recreation Access Cost-Share program. Further
information about phasing, each task’s cost, and funding opportunities is detailed in section VII.

In conclusion, the design recommendations for each sector of the restoration were based
on efficiency, cost, design creativity, and practicality. A comprehensive drawing set was created
for all plans for the scope of the project. Further explanations and design details are outlined in
the body of this report. Calculations and subsequent technical information can be found in the
appendices at the end of the report.
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Section I1. Organization Qualifications and Experience

1. Name of Organization

We are a senior design group of eight students enrolled at the University of lowa
in the course Project Design & Management (CEE:4850).

2. Organization Location and Contact Information

Our team contacted the client bi-weekly via email to update them and highlight
any completed work. Our teams project manager, Cody Hall, was accessible via email at
cody-hall@uiowa.edu.

3. Organization and Design Team Description

Our team was composed of several engineering students who were proficient in
many different areas of civil engineering design. Because of this, we offered engineering
services in many different disciplines. These included transportation design, structural
design, foundation design, land development, water resource design, and hydraulic
modeling. With our organization offering services in these fields, we felt qualified to
perform the scope of work requested by the client at the Mahaska County Conservation
Board. Our team consisted of Maya Johnson (Pavilion Design and Playground Design),
Evan Felts (Parking Lot and Roadway Design), Noah Lyon (Hydraulic Modeling and
Lake Evaluation), Justin Japlon (Boat Ramp Design), Cody Hall (PM, Bridge Design),
Cory Siegel (Parking Lot and Roadway Design), Aden Gomez (Hydraulic Modeling and
Lake Evaluation), and Beau Benzing (Recreational Trail Design).

Section 111. Design Services

Project Scope

The primary objective of this design project was to enhance the Mahaska County
Conservation area to make it an attractive public destination, provide effective and
economical solutions for the Mahaska County Conservation Board, and offer alternative
plans of action for their consideration.

Design Tasks

1. Lake Evaluation
a. Obtained a comprehensive depth survey of the entire lake and pond

system.

b. Developed a model illustrating water flow dynamics throughout the
system.

c. Determined the volume of sediment to be removed and identify specific
locations.

d. Proposed means and methods for sediment removal.
e. ldentified suitable locations for depositing or utilizing removed sediment.
2. Pavilions

a. Designed new pavilions at the north and south ends, considering materials
and aesthetics.
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Computed load calculations using ASCE 7-22 and NDS specifications.
Designed pavilions such that existing foundations are sufficient for new
loading.

Created a cost estimate for each new pavilion and demolition of existing
pavilions.

3. Pedestrian Bridges

a.

b.

e

4. Roadways

a.

b.

e.
5. Parkin

a.
b.

e.

Designed new pedestrian bridges to replace three existing bridges on the
southeast side of the site.

Adapted U.S. Forestry Service typical pedestrian bridge designs to meet
project goals and intended bridge usage.

Computed load calculations for the bridges using a H5 design vehicle
(10,000 Ibs).

Designed bridge abutments to support loading and withstand water and
earth pressures.

Created a cost estimate for each bridge and demolition of existing bridges.

Obtained survey points of the existing road centerlines and edges of
pavement.
Determined pavement and base thicknesses using Pave Xpress for
different material alternatives.
Created 3 separate roadway cross-sections (HMA, PCC, Gravel).
Built 3D corridors based on the existing road centerline for each
alternative roadway cross-section while adhering to AASHTO Rural Local
Roads Guidelines in I.M. 3.210.
Created a cost estimate for each roadway alternative.

g Lot

Obtained survey points for the existing parking lot edge of pavements.
Estimated the number of parking spots needed on site based on our client’s
insight.

Proposed two alternative layouts for our client, one matching the existing
circular geometry of the parking lots, one changing the geometry to be
rectangular.

Moved forward with the new geometry layout and followed SUDAS
Section 8 Standards for all design criteria.

Created a cost estimate for the proposed parking lots for three surfacing
options (HMA, PCC, Gravel).

6. Boat Ramp

a.
b.

C.
7. Trails

a.

Modeled the existing boat ramp with the adjacent parking lot.

Resolved issues related to gravel accumulation at the top and bottom of
the ramp.

Addressed the challenge of organized trailer parking.

Evaluate the existing trail system, identifying areas in need of
improvement.



University of lowa | Senior Design

b. Assess trail drainage to address safety concerns in specific spots with poor
drainage or steep slopes, develop complying alternatives to high use
regions.

c. Evaluate and develop alternatives for the proposed trail extension.

8. Playgrounds

a. Developed alternative amenities, outdoor games, to replace existing
playground on south end.

Work Plan
See Appendix A.

Section 1V. Constraints, Challenges, and Impacts

1. Constraints

The project’s parameters were defined by various restrictions and limitations,
encompassing a diverse array of factors. These constraints can be broadly categorized
into overarching constraints, as detailed below, and specific constraints tailored to each
design element, outlined subsequently.

General: Many of the constraints encountered on this site were due to the client
not wanting to relocate many of the existing design elements. This was to minimize cost
as well as to keep the layout comparable to what was previously on site. Additional
constraints included ensuring construction access to locations where work was to be
performed, and the funding available to our client for this project.

Pavilions: When redesigning the existing pavilions, our team was constrained by
the location and the dimensions of the existing slabs. The client wanted to reuse the slabs
for the new pavilions to save on pavement costs.

Bridges: The locations of the bridges on this site needed to be accessible for the
construction crews and their equipment. Due to the dense terrain, this was a major
restriction.

Roadways and Parking Lots: When looking at the current roadways and parking
lots, our team was constrained to match the existing locations of these roads and parking
lots.

Boat Ramp: A major constraint when modeling the boat ramp was keeping the
ramp in its existing location. Furthermore, there was not much room to design pull-
through trailer parking in the adjacent parking lot.

Trails: The large trail system that runs around the project site was constrained by
the existing locations as well as the durability of the existing material that was used to
previously construct these trails.
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2. Challenges

Numerous observations made by our team during both the initial and subsequent
visits to the site highlighted potential challenges. These hurdles emerged notably during
the project’s preliminary design phase. Each design element faced its own set of
challenges, alongside overarching design issues affecting all design elements.

General: All design elements experienced the challenge of hindered access for
pedestrians during the construction phase of the project.

Lake Evaluation: The main lake at the center of the site lacked reliable data on
sediment type. The satellite ponds which flow directly into the main lake lacked reliable
elevation data. This led to multiple assumptions being made by our team about the
storage-elevation relationships of these ponds and assumptions on how much sediment
needed to be removed from the main lake.

Pavilions: When designing the pavilions, a major challenge came from the reuse
of the concrete slab. Our team had to ensure that the loads experienced by the new
pavilion would not exceed that of the existing pavilion. If these loads were greater than
the existing loads, we would not have been able to use the existing slab as it would not
provide adequate support for our structure.

Bridges: The replacement of the bridges on site posed several challenges. The
first being the lack of geotechnical data our team had for the project location. This made
it difficult to determine the true soil properties which led to a lot of assumptions used
during the abutment design. The next challenge our team faced with the bridge design
was the fact that two of the existing bridges had very low decks, leading to more
difficulty with abutment design.

Roadways: Existing roadway slopes were unreasonably high in specific areas due
to the long service life and minimal maintenance done on the roadways. This posed
challenges with ensuring the roadways were graded to AASHTO and SUDAS typical
roadway standards. An additional issue with the roadway design was ensuring that the
daylighting area did not overlap any existing amenities or trees.

Parking Lots: The existing parking lots were designed to be near amenities such
as the pavilions, restrooms, and the boat launch while lacking specified parking stalls.
The main challenge our team encountered with the design of the new parking lots was
maintaining the ease of access to these existing amenities while changing the geometric
layout of the parking lots and defining clear parking stalls for vehicles.

Boat Ramp: Managing accumulated gravel at the boat ramp posed a significant
challenge, requiring careful removal to avoid structural damage. Proactive strategies were
needed to prevent future buildup and ensure compliance with regulations.

Trails: The terrain that the trails lie on is very steep at certain locations. This led
to many challenges of meeting slope and run distance standards while maintaining the
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existing geometry of the trails. This terrain also made it difficult to ensure proper slopes
on the portion of the trail our client requested be extended. Additionally, determining
specific areas to resurface, what materials to resurface these areas with, and how runoff
would affect these materials was particularly tricky.

Playgrounds: A major challenge we ran into when redesigning the playground
areas was determining the location for the new amenities so that it could accommodate
outdoor games such as cornhole and ladder toss. This was particularly difficult due to the
locations of the existing amenities on site.

Phasing: A challenge experienced by our team while creating a phasing plan for
the project was determining which items were deemed as high priority. Our team needed
to know this to provide a proper recommendation to the client on what order the project
should be completed in to ensure efficient and logical results.

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

Enhanced community quality of life and resilience due to improved community
gathering spaces and outdoor recreational opportunities. This benefits the community’s
health and wellbeing by offering exciting opportunities for exercise and a location to hold
events, promoting community involvement.

Increased wildlife diversity, habitat, and abundance due to water quality
improvements for the lake and satellite ponds. In turn increasing potential for nature-
based tourism and wildlife sports.

Section V. Alternative Solutions That Were Considered

To determine the most efficient designs for the restoration of White Oak
Conservation Center, several techniques were used to analyze each section of the project.
To produce the best possible product for our client, the following alternative solutions
were evaluated and presented to the client throughout the duration of the project.

1. Lake Evaluation
During the lake evaluation the use of the RUSLE equation was considered in

determining the amount of sediment gain by the lake on a typical annual basis. Due to
insufficient data for the surrounding area, the complexity of the site, and being able to
achieve the requested scope without this process; an alternative was used. This alternative
accounted for the fish habitat and boating usefulness. There were also alternatives for
type of dredging, each having their pros and cons. This decision will be left for the client
to decide based on their storage capability, funding, and equipment availability.

2. Pavilions
For the pavilions, a variety of designs, sizes, and materials were considered. The
location of the pavilions was predetermined based on the existing concrete slabs that are
recommended to be reused, so ultimately it was determined for the new designs to match
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the sizes of the current pavilions to maximize the use of the slab rather than
implementing a unique design. Multiple roof types were considered as well, keeping in
mind cohesion with the aesthetics of the area and resilient material types. Ultimately, the
hip and valley roof design are the recommended choice for durability concerns as well as
allowing for exposed trusses as an interesting architectural feature.

Pedestrian Bridges

With the natural wooded area aesthetic in mind, each of the U.S. Forest Service
typical bridge designs was considered. The bridges vary in size, materials, load bearing
structure, and more. Each of the designs provided by the U.S. Forest Service are unique
and work well in certain parts of the country. When selecting which would fit best on the
site, many variables were considered. Of the variables considered, the intended use of the
bridge, the construction limitations, the access to materials, and the overall cost weighed
most heavily in the decision. Ultimately, due to adaptability of the design, the Sawn
Timber Stringer Trail Bridge was selected.

Roadways

During our initial site visit, our client expressed an interest in replacing the
existing gravel roads with paved roads while citing a lack of funding as a major
constraint. Our team designed roadways to match the existing road geometry, while
creating three separate surfacing alternatives. The first alternative was a 4” HMA surface,
the second alternative was a 6” PCC surface, and the third alternative was a 1”” Gravel
resurfacing of the existing roads to correct any rutting or settling that occurred. Gravel
resurfacing of the roadways was the cheapest alternative; however, it did not provide any
improvements to the issue of large quantities of sediment being washed down to the base
of the boat ramp. Paving the road surface with HMA or PCC would help resolve this
sediment issue, but it came with a much higher material cost. Ultimately it is the client’s
choice on what to pursue for construction, but our team recommends paving the roads
using HMA surfacing. This is a cheaper alternative than using PCC surfacing and
addresses the issue of sedimentation. Proper maintenance on the roadways is needed to
maintain the appropriate function of the roadways.

Parking Lots

Our client expressed interest in improving the existing parking lot areas around
the project site. These areas lacked specific parking stall locations. Our team designed
two different alternatives for the geometry of the parking lots. The first alternative was
meant to match the existing shape of the parking lots on site while adding in well-defined
parking stalls. The second alternative expanded the parking lot areas and changed the
shape of these areas while implementing well-defined parking stalls and sidewalks. Both
alternatives were sent to our client, and he ultimately chose to move forward with the
new geometry alternative. This alternative allocated more spots on site and included one-
way access into 2 of the parking lots. The alternative for the new geometry of the parking
lot was designed with three separate surfacing alternatives. These alternatives ultimately
used the same pavement thicknesses as the roadways to account for the ease of
construction. These alternatives include a 4” HMA surface, a 6” PCC surface, and a 1”
Gravel resurfacing to level out any rutting or settlement that had occurred. Gravel
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surfacing would be the cheapest option but would not address the sedimentation issue
occurring at the base of the boat ramp. Paving the lots using HMA or PCC would resolve
the sedimentation issue but would come at a higher cost. Ultimately it is the client’s
choice on what surfacing to use for construction, but our team recommends paving the
parking lots using HMA surfacing and paving the sidewalks using PCC surfacing. This
alternative is cheaper than using PCC surfacing and will help counter the sedimentation
issue occurring at the south lot near the boat ramp. This will also ensure the ease of
construction as tying in HMA parking lots into HMA roads will be much easier than
using a different surfacing material. Proper maintenance of the parking lots is needed to
maintain the appropriate function of the parking lots.

Boat Ramp

During our assessment of suitable equipment for the boat ramp maintenance, we
explored various options. Initially, we examined the feasibility of using a skid steer.
However, it became evident that a skid steer lacks the capability to reach into the water
adequately, thus limiting its ability to remove all accumulated sediment in the transition
area (base) of the boat ramp. Subsequently, we considered employing an excavator.
However, the substantial weight of an excavator posed concerns regarding potential
damage to the boat ramp pavement merely from its traversal. Moreover, there existed a
risk of unintentional damage to the submerged portion of the boat ramp if the excavator
operator was unaware of the slab's location beneath the sediment. Consequently, our
recommendation is to utilize a telescopic front loader, or a telehandler with a bucket, for
sediment removal. This equipment offers the necessary reach to effectively clean out
sediment while minimizing the risk of pavement damage to the boat ramp.

. Trails

When evaluating the trails, we considered drainage ways, elevations, the
Architectural Barries Act (ABA) standards for hiking trails, United States Forest Service
Recommendations, all while attempting to maintain a natural feel with the selected
materials. It was important to us to maintain the current trail alignments but do our best to
improve and redesign specific segments, which made way for our most viable alternative
of mixed surface materials (wood chips, gravel, and mowed grass) that meets code in
high use areas.

Playgrounds

To better engage the community with new amenities at White Oak, alternatives to
a traditional playground were considered for the area near the southern pavilion. Rather
than updating the existing playground to be of similar standards to the new playground by
the northern pavilion, various outdoor games were considered instead. Using the Doty &
Sons Concrete Games Products, it is recommended to implement a cornhole and ladder
toss amenities as a playground replacement due to their popularity and ease of use for the
community. Using the Doty & Sons Concrete Games Products, it is recommended to
implement cornhole and ladder toss amenities as a playground replacement due to their
popularity and ease of use for the community.

10
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Section V1. Final Design Details

1. Lake Evaluation

Design Storm Evaluation: A HEC-HMS model was created incorporating the
following data. The design storm evaluated was a 100-year, 24-hour storm. We utilized
the SCS Type 2 precipitation model using NOAA Atlas 14 for depth evaluation,
assuming uniform precipitation for all subbasins. Subbasin areas, CN values, and lag time
were determined using the NRCS water lag method and data from StreamStats. The
elevation-area relationship for the main lake was established using topographic survey
data. While the satellite ponds elevation-area was calculated using a percent reduction
method. Outlet elevations and slopes for discharge pipes were determined using GPS and
changes in elevation. Emergency spillways were assumed to be a broad crested weir with
a coefficient of 3. More assumptions and details can be found in Appendix B.

Figure 1: Lake Dredgig Plan

Sediment Removal Plan: At a water surface elevation of
738 feet the lake has 810 square feet of area exceeding a 16’
depth. To increase this area, 300 cubic yards of sediment needs
to be removed from the current location. This is recommended to
increase fish wintering ability. Additional dredging of 1,722
cubic yards is recommended in the south end of the lake. The
majority of lake inflow occurs from the south subbasin, causing
the accumulation of sediment there. Its removal would improve
boating usefulness and increase summer habitat for wildlife.
Therefore, 2,022 cubic yards of sediment must be removed. See
Figure 1 for the graphical representation of sediment removal. In
summary, increasing the area of 16’ depth at the current deepest
location would improve fish habitat in the winter season.
Improving recreational activities such as fishing by deepening
the south end, which is currently shallow and unusable for
boating. Regular monitoring and assessment of the lake's
condition post-sediment removal will be essential to ensure the
desired outcomes are achieved.

11
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2. Pavilions

Loading: Loads on the pavilion were calculated using ASCE 7-22. The risk
category was determined to be category | based on its current and anticipated usage. The
roof dead load was calculated based on a corrugated metal roof deck and 24/0 OSB
sheathing. The snow load was determined based on the location in Cedar, lowa. Wind
loads were determined by analyzing the lateral force resisting system that are the moment
frames created by use of knee braces between posts and trusses. These loads were used in
ASD load combinations to determine the critical case for both lateral and vertical loading,
keeping uplift in mind as an open-air structure.

Roof Framing: The roof framing consists of joists, runners, and trusses to support
the double hip and valley roof design. All joists are to be 4x6 Douglas Fir, and girders are
designed as 4x10 of the same material. Douglas Fir was chosen for its availability in the
area, as well as its water resistance that will be important for an outdoor pavilion. Knee
braces will be used as the lateral force resisting system, creating a moment frame
between posts and trusses.

Columns: The columns will be 6x6 Douglas Fir timbers that will carry the loads
from the joists and trusses down to the existing concrete slab. Since the posts will have to
be retrofit to the existing slab and foundation, RPBZ Retrofit Connections from Simpson
Wood Connectors will be used to limit uplift of the structure.

3. Pedestrian Bridges

Bridge Cross-Section: Each of the three bridges was adapted from the U.S. Forest
Service Plans for a Sawn Timber Stringer Trail Bridge. The sawn timber stringers of the
bridge are made of Douglas Fir wood and were selected due to the availability of the
material and the ease of construction. Using the typical plan set as well as the Forest
Service’s Sustainable Trail Bridge Design manual, the bridge cross-section was adapted
to meet the client’s desires. The bridge deck was expanded to 8°-9” to meet ADA
requirements and provide plenty of space for the client to drive their mowers and side-by-
side’s over.

Loading: Before designing the abutments, the bridge’s loading was evaluated.
First, the dead load from the bridge components was calculated and is shown in
Reference 1 of Appendix D. After calculating the dead load, the live and snow load
values were found using the AASHTO LRFD Guide Specifications for the Design of
Pedestrian Bridges and the International Building Code. Both the live and snow loads are
shown in Reference 2 of Appendix D. Once the dead, live, and snow loads were found,
they were then combined according to the AASHTO LRFD Bridge Design
Specifications. Once combined, the load was applied to each bridge in Autodesk Robot to
determine the reaction forces, shear forces, and moment of the structure. The final
loading on the bridge was an H5 design vehicle. In accordance with AASHTO

12
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specifications, the 10,000-pound design vehicle was applied to each bridge and the
internal forces were analyzed.

Abutments: The abutments were designed to meet six major criteria: overturning
moment, bearing capacity, stem flexure capacity, shear capacity, heel flexure capacity,
and toe flexure capacity. To begin the analysis, the soil type from the site was estimated
using the USDA Web Soil Survey. After determining the type of soil on the site, the
soil’s properties were estimated. Using the determined loading, as well as the properties
of the soil, water, and concrete, the size of the abutments and their steel reinforcement
were designed. The calculations for all the abutments on the site can be found in
References 8 — 17 in Appendix D.

Roadways

Roadway Classification and Design Criteria: Our roadway design adheres strictly
to the AASHTO Guidelines for Rural Local Roads in .M. 3.210. Considering the
specific parameters outlined, such as a design volume (ADT) under 400 vehicles with
agricultural access, and the rolling terrain characteristics, thorough consideration was
given to various design elements. The chosen design speed of 20 mph, stopping sight
distance of 95 ft, and minimum K values for crest/sag vertical curves (5 ft) ensured
optimal safety and functionality. Horizontal curve radii were set at a minimum of 75 ft to
accommodate safe vehicle maneuvering. The traveled way was finalized at 20 ft,
featuring 10 ft lane widths and 2 ft shoulders, with slopes adhering to a 3:1 ratio for
horizontal to vertical elements. Additionally, the design considered minimum and
maximum grade requirements of 0.5% and 12% with a typical grade of 2% to ensure
smooth vehicle movement and drainage efficiency. Measures were also taken to address
typical design considerations such as sight distances, cross-sectional elements, roadside
clearances, and potential environmental impacts, ensuring compliance with local
regulations and standards. For specific values, please refer to Appendix E.

Pavement Design: Pavement design calculations were conducted accurately based
off the utilization of both SUDAS Pavement Thickness 5F-1 and Pave Xpress software,
integrating detailed inputs specific to the three different pavement types the team moved
forward with. For the HMA option, the recommended HMA surface course over a gravel
base was derived from various inputs, including design life, reliability, traffic loadings,
and material properties such as ESAL, CBR, and resilient modulus. Similarly, for the
PCC alternative, the PCC surface course over the same gravel base was determined,
factoring in parameters such as modulus of rupture, modulus of elasticity, and joint
spacing. The Gravel alternative was designed with a gravel surface course over an
existing gravel subbase, considering material type, thickness, and drainage coefficient for
optimal performance. Detailed analysis was conducted to ensure pavement thicknesses
were adequate to withstand anticipated traffic loads while considering local soil
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conditions, climate, and expected service life. For detailed calculations and inputs, please
refer to Appendix E.

Final Corridor Design: In line with the established design parameters, final
corridor designs were developed for each alternative to meet the project's requirements
effectively. The HMA alternative features lanes with a total width of 20 feet, containing
an HMA surface course supported by a gravel base. 2-foot shoulders were placed on both
sides of our one-way roadway to provide additional safety margins. The PCC alternative
mirrors this design, with PCC surface course lanes and gravel shoulders, ensuring
robustness and durability. Meanwhile, the Gravel alternative maintains lanes with a
gravel surface course on an existing gravel subbase, with shoulders on each side. Detailed
cross-sectional drawings were developed for each alternative, illustrating layer
thicknesses, material specifications, and drainage features. Each design iteration has been
thoroughly crafted to optimize durability, safety, and cost-effectiveness, ensuring long-
term performance and reliability on the rural local roads for this site. Typical design
considerations such as shoulder widths, pavement markings, and signage were also
integrated into the final designs to ensure compliance with standard road design practices
and user expectations. For specific dimensions and details, please refer to Appendix E.

Parking Lots

Minimum Design Requirements: Our parking lot design carefully adheres to
typical minimum design standards sourced from industry guidelines from the Statewide
Urban Design and Specifications (SUDAS), particularly Section 12A-2 E and Section
8B-1 A, C, D, E, and F. These standards encompass critical parameters such as surface
firmness, slopes, widths, passing spaces, and ADA parking stall criteria. For instance, all
entrances and exits are a minimum width of 24-feet while sidewalk widths meet the
encouraged 5-foot minimum, as recommended by SUDAS. Detailed specifications and
calculations are outlined in Appendix F, referencing specific SUDAS sections and tables
consulted during design.

Parking Lot Grading and Drainage: Grading and drainage considerations are
methodically based on a comprehensive analysis of industry standards, local regulations,
and site-specific factors, specifically guided by the Statewide Urban Design and
Specifications (SUDAS), Section 8B-1 E. Our approach ensures effective drainage and
accessibility, with a typical slope of 1.5% facilitating proper drainage and adherence to
ADA slope requirements. Minimum slopes of 0.5% are used where flat areas are
prevalent, supplemented by additional drainage measures such as the discouragement of
any slopes exceeding 5%. Detailed documentation with references to SUDAS sections
consulted and calculations performed is provided in Appendix F for verification.
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Pavement Type and Thickness: Pavement selection and thickness was tied into
the same process that was used in the design of the roadways. Specifically reviewing
design standards and materials specifications stated in the Statewide Urban Design and
Specifications (SUDAS), specifically Section 8B-1 F. Factors like design life, traffic
loads, and pavement thickness requirements are carefully considered to ensure durability.
Utilizing detailed tables provided by SUDAS and the Pave Xpress software, pavement
thickness is determined to accommodate both cars and trucks, with references cited in
Appendix E for transparency.

Required Parking Stalls: Determining the necessary parking spots and stalls,
including those compliant with ADA regulations from the guidelines of the Statewide
Urban Design and Specifications (SUDAS), Section 8C-1, to establish precise criteria for
dimensions and accessibility requirements. Calculations for stall projection and aisle
width are strictly integrated into our design, ensuring full compliance with accessibility
standards. Transparent documentation, along with explicit references to specific SUDAS
sections consulted, is provided in Appendix F for thorough verification.

Boat Ramp

Methods: The accumulated sediment at the base and top of the boat ramp needs
removal to prevent further buildup. Our recommendation is to employ a telescopic front
loader, or a telehandler with a bucket, for sediment removal at the bottom of the boat
ramp. This equipment provides the necessary reach to efficiently clean out sediment
while minimizing the risk of pavement damage. At the top of the boat ramp, both the
telehandler and the skid steer can be utilized to relocate the aggregate obstructing the
drainage path. Rainwater flowing down the uphill road and parking lot is currently
directed onto the boat ramp due to the obstruction caused by the aggregate pile. If the pile
is removed and the parking lot is regraded slightly, water and sediment will be diverted
away from the entrance to the boat ramp. Following heavy rainfall events, there is a
possibility of aggregate accumulation obstructing the drainage path again. In such
instances, manual intervention with a shovel or the use of a skid steer to relocate the
aggregate is recommended.

Slope: The transition area of the boat ramp, where the ramp meets the water level,
was not steep enough according to the U.S. Army Corps of Engineers (USACE). By
removing the accumulated gravel in the transition area, the slope will be greater to
facilitate smoother transitions for watercraft entering and exiting the water. These Grade
adjustments are implemented to improve maneuverability and reduce wear on trailers.

Accessibility: Accessibility improvements are being made to ensure the existing
boat ramp provides access for a diverse range of users. Trailer parking will be
implemented in the adjacent parking lot for those who launch their boats.
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7. Trails

Profiles: Updated alignments for the waterfront and main trails were made
following ABA 1017.7.1. Due to this area being of high use with access to the boat ramp,
docks, pavilions, and fishing outcroppings, we maintained all slopes below 8.33% with
breaks between inclines. All trails are designed at 8’ to satisfy ABA 1017.4 passing
spaces requirements. The proposed extension was not designed to be surfaced or meet
ABA standards as the existing alignment would require a copious amount of fill. We
recommend denoting this extension as a fire-break due to not accommodating vehicles,
but also have offered an alternative utilizing switchbacks for a grade less prone to erosion
and accessible by mowers and smaller equipment in Appendix H.

Materials: Due to a durability concern as well as a goal of maintaining a natural
feel, it is recommended to use a few different surfacing alternatives. In the ABA
compliant trail redesigns, 4” thick grade A crushed stone is proposed to provide suitable
strength, durability, and drainage. In other lower use, high flow areas, wood chip
surfacing was considered to improve strength and surface quality, but after undergoing a
cost analysis was not found to be a suitable alternative. In the other low use areas with
relatively good drainage and minimal erosion, maintaining the current grass pathways is a
suitable course of action. Alignments and profiles for each existing trail are included in
the CAD files to offer many analysis options when determining budget and intent for
each area of the system. The recommended combination of surfaces for each trail are
included in the trail detail sheet under Appendix H.

Drainage: The profile was designed with drainage in mind, being graded at 2%
down from the center sloping in both directions to prevent puddling in accordance with
the USFS Basic Trail Design Manual for unpaved trails. Grate drainage systems with
connecting pipes under trail surface are recommended in high flow areas to improve
drainage and mitigate erosion.

8. Playgrounds

Replacement Items: To diversify the site, it is recommended that new amenities
near the southern pavilion be added in place of a playground redesign, while the newly
updated playground near the northern pavilion will remain. The new amenities include
various permanent outdoor games, prefabricated by Doty & Sons Concrete Products,
Outdoor Concrete Games. The recommended games are concrete cornhole/bag toss
(#BYOB5533 in Playgrounds, Reference 1) and ladder toss (#LT4232 in Playgrounds,
Reference 2) because they are easy to use for a range of ages and abilities and require
minimal additional equipment.
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Section VII. Engineer’s Cost Estimate

1. Cost Estimates

project.

Table 1: Total Cost

The total estimated cost for the project is $1.17 million. A 20% contingency fee
was applied to the total project cost to account for any uncertainty within the design and
construction phases. In the following pages, you will find a breakdown for each part the

Estimate

Project: White Oaks Conservation Area Restoration
Project Element  Sheet Set Cost
Lake Dredging A 5 4330000
Robins Pavilion B b 25.000.00
Cardinal Pavilion |B 3 32.950.00
Boat Ramp Bridge |C 3 42.200.00
Southeast Bridge C 5 38.300.00
Primary Inlet Bridge |C 3 30,800.00
Roadways D 5 393.980.00
Parking Lots E 3 326,839.00
Boat Ramp F 3 900.00
Trail Resurfacing G b 34.170.00
Playgrounds H 3 4.950.00
Contimgency Fee
Contingency (20%) | B 195.000.00
Total Cost
Total Project Cost | IE 1.168.389.00
Table 2: Dredging Cost Estimate
Project: Lake Dredging
Item Item Description Item Code Unit  Unit Cost* Quantity Total Cost Rounded Cost
Option 1
Hydraulic Dredging S}‘;ES :Eggg&fgm}m& PUMPED 355413.13.1000|CY § 2142 2022| § 43.304.16 | $  43,300.00
Option 2
Mechanical Dredging gﬂg}ﬁéﬁgﬁ%}lgs éii;?%}? OING. 1352423130500 [y § 29.78 2022| § 60.215.19 | $  60,000.00
Total Cost
Option 1 Hydraulic
(Recommended) $ 4330416 | S 43,300.00

Gordian; 32nd Edition (2018), Heavy Construction Costs with RSMeans Data; *Unit cost have been adjusted for inflation.
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Table 3: Robin Pavilion Cost Estimate

Project: Robin Pavilion
Item Item Description Source Unit  Unit Cost Quantity Total Cost  Rounded Cost
Materials
Purlins 4X 6X 14" #2 848 DOUGLAS FIR TIMBER |Menards EA § 57.84 401 8§ 231360 | § 2.300.00
Girders 4X 10 X 8" #2 S48 DOUGLAS FIR TIMBER |Menards EA § 15574 8| § 124592 | § 1.250.00
Columns 6 X 6X 12" #2 S48 DOUGLAS FIR TIMBER |Menards EA § 9851 48 39404 | § 400.00
. 36" X 14' PRO-RIB EMERALD GREEN
- v 2
Roof Decking STEEL PANEL Menards EA S 4430 200 §  886.00 | S 900.00
. RPBZ ZMAX GALVANIZED RETROFIT
2 232
Column Connection POST BASE Home Depot EA 3 7.02 16| § 11232 | § 100.00
Knee Brace Connection KBS17 KNEE-BRACE STABILIZER Home Depot EA 3 6.75 16| § 108.00 | § 100.00
OUTDOOR ACCENTS AVANT
Gable Plate COLLECTION APGP ZMAX BLACK Home Depot EA $ 8072 4/ 8 32288 | § 325.00
POWDER-COATED GABLE PLATE
OUTDOOR ACCENTS AVANT
Truss Connection COLLECTION APGP ZMAX BLACK Home Depot EA § 1998 12| § 239.76 | 8 250.00
POWDER-COATED T STRAP
Joist Connection HU GALVANIZED JOIST HANGER Home Depot EA S 1998 100/ $ 1.998.00 | § 2,000.00
. 8D BRIGHT STEEL SMOOTH SHANK
Nails COMMON NAILS Home Depot I0LBS| § 3498 118 3498 | § 35.00
STRONG-DRIVE SDS HEAVY DUTY
rew! 2 2. 2. .
Screws co CTORS Home Depot 25PK | § 1265 1/ § 1265 | § 15.00
Construction
Labor ZipRecruiter SF $ 10.00 625/ 8  6.250.00 | § 6,250.00
Metal Roof Installation ZipRecruiter SF 5 5.00 7151 $ 3.575.00 | § 3.575.00
Demolition of Existing ProMatcher  |[EA | §7.500.00 1|'s 750000 |$  7.500.00
Pavilions
Total Cost
Robin Pavilions | $ 24.993.15 | S 25,000.00
Table 4: Cardinal Pavilion Cost Estimate
Project: Cardinal Pavilion
Item Item Description Source Unit  Unit Cost Quantity Total Cost Rounded Cost
Materials
Purling 4X 6 X 14' #2 345 DOUGLAS FIR TIMBER |Menards EA $ 57.84 55| § 3.181.20 | § 3,200.00
Girders 4X 10X 8'#2 845 DOUGLAS FIR TIMBER |Menards EA $ 155.74 8§ 124592 | § 1.250.00
Columns 6 X 6 X 12'#2 84S DOUGLAS FIR TIMBER |Menards EA § 9851 4|8  394.04 | 8 400.00
. 36" X 14' PRO-RIB EMERALD GREEN
g . -
Roof Decking STEEL PANEL Menards EA § 4430 401 § 1,772.00 | § 1,775.00
. RPBZ ZMAX GALVANIZED RETROFIT
2 232
Column Connection POST BASE Home Depot EA $ 7.02 16 8 11232 | § 100.00
Knee Brace Connection KBS17 KNEE-BRACE STABILIZER Home Depot EA $ 6.75 16| § 108.00 | § 100.00
OUTDOOR ACCENTS AVANT
Gable Plate COLLECTION APGP ZMAX BLACK Home Depot EA $ 80.72 4/ 8 32288 | § 325.00
POWDER-COATED GABLE PLATE
OUTDOOR ACCENTS AVANT
Truss Connection COLLECTION APGP ZMAX BLACK Home Depot EA $ 19.98 12| § 239.76 | § 250.00
POWDER-COATED T STRAP
Joist Connection HU GALVANIZED JOIST HANGER Home Depot EA $ 1998 100/ $ 1.998.00 | § 2,000.00
. 8D BRIGHT STEEL SMOOTH SHANK
Nails COMMON NAILS Home Depot I0LBS|§ 34.98 118 3498 | § 35.00
STRONG-DRIVE SDS HEAVY DUTY
rew: ) ) )
Screws co CTORS Home Depot 25PK |8 1265 1 8 12.65 | § 15.00
Construction
Labor ZipRecruiter SF $ 10.00 1125 $ 11.250.00 | $ 11.250.00
Metal Roof Installation ZipRecruiter SF $ 5.00 950| § 4.750.00 | § 4,750.00
Demolition of Existi
Sioltlion of Existing ProMatcher ~ |[EA | $7,500.00 1 750000 |8  7,500.00
Pavilions
Total Cost
Cardinal Pavilions § 32,921.75 | §  32,950.00
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Table 5: Boat Ramp Bridge Cost Estimate

Project: Boat Ramp Bridge
Item Item Description Source Unit  Unit Cost Quantity Total Cost  Rounded Cost
Materials
ConcreteNetwor
Abutments BULK CONCRETE W/ REINFORCING . ‘fznie SR ey s 17500 9/S 157500 |§  1,600.00
. . Lumber Store by
Sills for Girders 12" X 12" DOUGLAS FIR .. |LF $ 43.00 300§ 1.290.00 | § 1.300.00
Carlwood
Girders 6" X 18" DOUGLAS FIR Twin Creeks LF $ 55.00 2401 § 13,200.00 | § 13,200.00
Deck Planks 3" X 12" DOUGLAS FIR Close Lumber |LF 3 9.00 480/ § 4,320.00 | § 4,400.00
Running Planks 2" X 12" DOUGLAS FIR Menards LF 3 3.00 480/ § 1.440.00 | § 1.500.00
Blocking 4" X 6" 845 DOUGLAS FIR Menards LF 3 3.50 25§ 87.50 | § 100.00
Handrail Posts 4" X 6" 848 DOUGLAS FIR Menards LF 3 3.50 105] § 367.50 | § 400.00
Railing 2" X 6" 845 DOUGLAS FIR Menards LF 3 1.50 288| § 432.00 | § 500.00
Rail Cap 2" X 8" 848 DOUGLAS FIR Menards LF 3 1.75 96| § 168.00 | § 200.00
Backing Planks 3" X 6" DOUGLAS FIR Ashby Lumber |LF 3 4.50 200§ 90.00 | § 100.00
Comnections NAILS & BOLTS Menards LS $ 300.00 18 300.00 | § 300.00
Construction
Demolition ProMatcher LS $2.,500.00 11§ 2,500.00 2,500.00
Earthwork Ls $5.000.00 1| $ 5,000.00 | $ 5,000.00
Labor ZipRecruiter HR $ 23.00 480/ § 11,040.00 | § 11.100.00
Total Cost
Boat Ramp Bridge ‘ $ 41,810.00 | §  42,200.00
Table 6: Southeast Bridge Cost Estimate
Project: Southeast Bridge
Item Item Description Source Unit  Unit Cost Quantity Total Cost  Rounded Cost
Materials
Abutments BULK CONCRETE W/ REINFORCING lc_ifgiﬁexemm cY |s 175.00 6 $ 1,05000|%  1,100.00
. . Lumber Store by
Sills for Girders 12" X 12" DOUGLAS FIR Carlwood LF $  43.00 3008 1,290.00 | $ 1.300.00
Girders 6" X 18" DOUGLAS FIR Twin Creeks LF $§ 55.00 2000 § 11,000.00 | § 11,000.00
Deck Planks 3" X 12" DOUGLAS FIR Close Lumber |LF $ 9.00 400| § 3.600.00 | § 3,600.00
Running Planks 2"X 12" DOUGLAS FIR Menards LF $ 3.00 400/ § 1,200.00 | § 1.200.00
Blocking 4" X 6" 848 DOUGLAS FIR Menards LF S 3.50 25§ 87.50 | § 100.00
Handrail Posts 4" X 6" 848 DOUGLAS FIR Menards LF $ 3.50 105] § 367.50 | § 400.00
Railing 2" X 6" 848 DOUGLAS FIR Menards LF $ 1.50 240| § 360.00 | § 400.00
Rail Cap 2" X 8" 848 DOUGLAS FIR Menards LF $ 1.75 80| § 140.00 | § 200.00
Backing Planks 3" X 6" DOUGLAS FIR Ashby Lumber |LF $ 4.50 20 8 90.00 | § 100.00
Connections NAILS & BOLTS Menards LS $ 300.00 18 300.00 | § 300.00
Construction
Demolition ProMatcher LS $2.500.00 18 2,500.00 | § 2,500.00
Earthwork LS $5.000.00 1/ 8§ 5.000.00 | § 5,000.00
Labor ZipRecruiter HR § 23.00 480/ § 11,040.00 | § 11.100.00
Total Cost
Southeast Bridge $ 38.025.00 ‘ S  38,300.00
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Table 7: Primary Inlet Bridge Cost Estimate

Project: Primary Inlet Bridge
Item Item Description Source Unit  Unit Cost Quantity Total Cost  Rounded Cost
Materials
ConcreteNetwor
Abutments BULK CONCRETE W/ REINFORCING IOZ;& cY |s 175.00 a's 70000 | s 700.00
Lumber Store by
Sills for Girders 12" X 12" DOUGLAS FIR WLF $  43.00 20[s  860.00 | § 900.00
Girders 6" X 18" DOUGLAS FIR Twin Creeks LF § 55.00 135§ 7.425.00 | § 7.500.00
Deck Planks 3" X 12" DOUGLAS FIR Close Lumber |LF S 9.00 270/ § 2,430.00 | § 2,500.00
Running Planks 2" X 12" DOUGLAS FIR Menards LF $ 3.00 270| 8 810.00 | § 900.00
Blocking 4" X 6" 848 DOUGLAS FIR Menards LF $ 3.50 25| § 87.50 | § 100.00
Handrail Posts 4" X 6" 848 DOUGLAS FIR Menards LF $ 3.50 85| § 297.50 | § 300.00
Railing 2" X 6" 848 DOUGLAS FIR Menards LF $ 1.50 162| § 243.00 | § 300.00
Rail Cap 2" X 8" 848 DOUGLAS FIR Menards LF $ 1.75 54| § 94.50 | § 100.00
Backing Planks 3" X 6" DOUGLAS FIR Ashby Lumber |LF $ 4.50 200 8 90.00 | § 100.00
Connections NAILS & BOLTS Menards LS $ 300.00 1| § 300.00 | § 300.00
Construction
Demolition ProMatcher Ls $1,000.00 1| $ 1,000.00 5% 1,000.00
Earthwork LS $5,000.00 1| § 5.,000.00 |8 5,000.00
Labor ZipRecruiter HR § 2300 480/ § 11,040.00 | § 11.100.00
Total Cost
Inlet Bridge ‘ $ 30.377.50 | §  30,800.00
Table 8: Roadway Cost Estimate (HMA)
Project: Roadways
Item Item Description Item Code Unit Unit Cost Quantity Total Cost  Rounded Cost
Excavation - Class 10
EXCAVATION, CLASS 10, ROADWAY
i : ! 2102-2 . 278. ,575. L5375,
Cut/Fill AND BORROW 2102-2710070 [CY $ 4.36 | 1278.75| § 557535 | § 5,575.00
Backfill Placing GRANULAR BACKFILL 2402-0425031 |TON § 3517 | 1516.28| § 53,327.55 | §  53,500.00
. COMPACTION WITH MOISTURE AND
" 2 - 2 2
1" Subbase Compaction DENSITY CONTROL 2107-0875000 |CY $ 1.28 245.68| § 31448 | § 315.00
GRANULAR SURFACING ON ROAD,

" o . 2312-82 . .72 418, ,500.
6.5" Granular Base CLASS A CRUSHED STONE 2312-8260051 |TON $§ 3991 | 1889.72| § 75,418.84 | §  75,500.00
Pavement

HOT MIX ASPHALT MIXTURE,
4" HMA Pavement COMMERICAL MIX (INCLUDES ASPHALT |2303-0000100 |TON § 144.71 | 1658.37| §239,982.72 | § 240,000.00
BINDER), AS PER PLAN
10.5" Gravel Shoulders GRANULAR SHOULDERS, TYPE A 2121-7425010 |TON § 26.55 610.53| § 16.20946 | §  16,200.00
4" Top Soil TOPSOIL. STRIP, SALVAGE AND SPREAD (2105-8425015 |CY $ 6.17 185.62| § 1,145.30 | § 1,150.00
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 |ACRE | $4.199.05 0.35|8 144938 |§ 1,450.00
. PAINTED PAVEMENT MARKING,

; k 2527-92 21. . 291. 290.
Pavement Markings WATERBO OR SOLVENT-BASED 2527-9263109 |STA $ 1.94 13.31| & 91.98 | § 90.00
Total Cost
HMA Roadways | $393,715.05 | § 393,980.00

Source: Bid Tabs
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Table 9: Parking Lot Cost Estimate (HMA)

Project: Parking Lots

Item Item Description Item Code Unit Unit Cost Quantity Total Cost  Rounded Cost

General

Tree Relocation TREE. TRANSPLANTING 2610-0000150 |EACH | §2.500.00 1.00(§ 2.50000)|% 2.500.00

Excavation - Class 10
EXCAVATION, CLASS 10, ROADWAY

Fi : : 2 2.2 4 4 2 4 5

Cut/Fill AND BORROW 2102-2710070 |CY 5 436 | 191462| 5 834775 |5 £.300.00

Backfill Placing GRANULAR BACKFILL 2402-0425031 |TON |5 3517 | 2718765 9561888 |5 9550000
COMPACTION WITH MOISTURE AND

" ; 2107-0875 2 5 5

1" Subbase Compaction DENSITY CONTROL 2107-0875000 |CY 3 128 | 135635 173.60 | 5 175.00

GRANULAR SURFACING ON ROAD, -
5n : 2312-826005 25185/ ¢ 4 2 5

6.5" Gramular Base CLASS A CRUSHED STONE 2312-8260051 |TON $ 3901 | 1251855 4996128 |5  50,000.00

Pavement
HOT MIX ASPHALT MIXTURE,

4" HMA Pavement COMMERICAL MIX (INCLUDES ASPHALT|2303-0000100 |TON |5 14471 | 106595 $154.25335 |5 154.500.00
EBINDER), AS PER PLAN

4" Top Seil TOPSOIL, STRIP, SALVAGE AND SPREAD |2105-8425015 |CY 3 6.17 0566 5 59020 |8 590.00

Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 |ACERE | 54.199.05 0.18) 5 74690 | 5 745.00
PAINTED PAVEMENT MARKING,

7 1 : 2527-92 2 4

Pavement Markings WATERBORNE OR SOLVENT.BASED 21527-9163109 |STA 5 2194 360|5 7898 |5 79.00

PAINTED SYMBOLS AND LEGENDS,
i 2527-92 2 . 48. 50,

ADA SYMBOLS WATERBORNE OR SOLVENT-BASED 7-9263137 |EACH | § 116.10 3.00| 8 34830 |8 350.00

Sidewalk

6" PCC Sidewalk |SIDEWALK, P.C. CONCRETE, 6 IN. [2511-7526006 [sY  [§ 9741 14507[8 14.13125[S  14,100.00

Total Cost

HMA Parking Lot | | | | [ 532425051 ]S 326,839.00

Source: Bid Tabs
Table 10: Boat Ramp Cost Estimate

Project: Boat Ramp

Construction Item Description Source Unit  Unit Cost Quantity Total Cost Rounded Cost

Operator Labor ZipRecruiter HR § 3000 8 5 240.00 | 5 250.00

Telehandler Rental BigRentz LS § 650.00 115 650.00 | 5 650.00

Total Cost

Boat Ramp | | s 89000]s 900.00
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Table 11: Trail Resurfacing Cost Estimate (Gravel)

Project: Trail Redesign and Surfacing
Item Item Description Item Code Unit Unit Cost Quantity Total Cost Rounded Cost
Excavation - Class 10
EXCAVATION, CLASS 10, ROADWAY
/Fi : : 2102-2 4 4 5
Cut/Fill AND BORROW 2102-2710070 |CY b 436 | 169004/ 5 736857 |5 7.370.00
ABA Surfacing
GRANULAR SURFACING ON ROAD,
4" : 2312-826005 5.9: 5 5
4" Granular Base CLASS A CRUSHED STONE 2312-8260050 |CY § 3991 375945 1500377 |5  15.000.00
COMPACTION WITH MOISTURE AND
i 2107-0875 2 5.94 4812 500
Compaction of Base DENSITY CONTROL 107-0875000 |CY b 128 37594( 5 48120 |5 00.00
Secondary Surfacing
GRANULAR SURFACING ON ROAD,
4" : 2312-826005 A 273. 92975 950
4" Granular Base CLASS A CRUSHED STONE 312-8260050 (CY § 39091 73.86| 5 1092975 |5 10,950.00
COMPACTION WITH MOISTURE AND
i 42P2 2 273, 50.5¢ 50.
Compaction of Base DENSITY CONTROL BO7Y342P2R [CY S 1.28 73.86| 8 35054 |8 350.00
Total Cost
Grade A Crushed Stone
Surfacing/ Trail Redesign § 3413383 |5 34.170.00
Table 12: Playground Cost Estimate
Project: Playgrounds
Item Item Description Source Unit  Unit Cost Quantity Total Cost Rounded Cost
Materials
CONCRETE CORNHOLE/BAG TOSS Doty & Sons
Cornhol iy EA $1,391.00 |1 § 1391008 1.500.00
e #BYOBS5531 Concrete : : :
Ladder Toss CONCRETE LADDER TOSS #L.T4232 2‘“-" &ts‘m EA  [$1.146.00 |1 $ 114600 |S 120000
oncrete
Construction
Demolition of Existing ProMatcher EA $2,000.00 |1 § 2000005 2.000.00
Labor ZipRecruiter SF $  10.00 |25 S 250.00 | S 250.00
Total Cost
Playgrounds S 4787.00 S 4,950.00
2. Funding

The project's funding will primarily come from the client, supplemented by
potential support from governmental programs through the lowa Department of Natural
Resources. Among these, the lowa Resource Enhancement and Protection (REAP)
program stands out as a promising avenue for financial assistance. This program offers
funding opportunities tailored to projects aimed at conserving and enhancing lowa's
natural and cultural resources, aligning closely with our project objectives.

Additionally, we intend to explore other funding sources such as the lowa
Wildlife Habitat Stamp Fund program and the Water Recreation Access Cost-Share
program. These programs provide further opportunities for financial support, allowing us
to address more of the expensive and critical aspects of our project. Notably, each

22



University of lowa | Senior Design

program underscores a distinct focus on wildlife habitat or water recreation. This is
something to keep in mind when answering the questions on the applications for these
grants.

By aligning our project vision with the goals of these funding programs, we aim
to secure the necessary resources to bring the White Oak Conservation Center to fruition.
Through partnership and dedication, we are determined to realize our vision for
environmental conservation and enhancement.

Phasing Plan

Given the extensive scope of design elements requiring refurbishing, the
substantial total cost associated with their construction, and the constraints of our client’s
annual budget, our team has devised a strategic phasing plan to ensure the successful
completion of the project.

Our devised phasing plan strategically divides the project into three distinct
phases, each tailored to ensure cost-effectiveness and feasibility within a single
construction year. Phase one addresses the site’s utmost priorities, tackling critical
elements with immediate significance. Phase two encompasses necessary components
deemed important but of lesser urgency compared to those in phase one. Finally, phase
three encompasses lower-priority items, allowing for their adoption by the client as
needed or as funding becomes available.

The design elements our team deemed necessary to include in phase one are the
completion of the lake dredging, the reconstruction of both pavilions on site, the
reconstruction of the boat ramp bridge, and the reconstruction of the southeastern bridge.
The two recommended bridges are necessary to include in phase one due to their
structural flaws. Reconstructing the bridges early in the project will improve site access
for maintenance crews by increasing the overall connectivity of the site. The lake
dredging was assigned to phase one since sedimentation has been occurring for quite
some time at this site, and it is necessary for the health of the lake that this be completed
early on. The pavilions were selected to be in phase one with the intention of increasing
visitation to the site early in the project. The total estimated construction cost for phase
one is $218,100.00.

The elements we are recommending in phase two are the boat ramp clean up, the
paving of the southern roadway and parking lot, and the rehabilitation of the main high
use trail system. Our team is emphasizing the rehabilitation of the main trial system first
to ensure that the trails become stabilized. Our team recommends the boat ramp clean up
following the construction of the bridges and the rehabilitation of the main trail system.
By waiting until this phase to clean up the boat ramp, our goal is to ensure any sediment
added to the foot of boat ramp from machinery during phase 1 is also cleaned up.
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Following the boat ramp clean up, the adjacent parking lot and roadway should be
regraded and paved. Paving in this phase is strategically scheduled so that no heavy
equipment needed for pavilion, trail, or bridge reconstruction would need to drive on the
new pavement and cause unnecessary wear and tear. Once these areas are paved, the
main source for the boat ramps sedimentation will be stabilized. The total estimated
construction cost for phase two is $316,483.00.

Lastly, phase three tasks include the paving of the remaining roadways and
parking lots, reconstruction of the primary inlet bridge, rehabilitating the secondary use
trail system, and construction of the new playground areas. Our team identified these
tasks as lower priority since they are not in failing condition or contributing to
sedimentation issues with the main lake. The rest of the roadways and parking lots are not
a source of sediment in the lake, and with the high cost to regrade and pave these areas, it
is not a high priority task. The primary inlet bridge on the southern portion of the site is
in adequate condition and a reconstruction is only necessary to increase safety and
improve access for maintenance crews. The secondary trail system is in adequate
condition and is not as heavily used as the main system, making it a less pressing task.
The playground construction is the lowest priority item due to its low cost and ease of
construction. The total estimated construction cost for phase three is $633,483.00.
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Appendix A: Work Plan
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FIRST FIRST FINAL FINAL
ACTIVITY
ACTIVITY TASK LEAD DRAFT DRAFT DRAFT DRAFT NUMBER
START DURATION START DURATION
1. Data Collection Cody Hall 1 1 1 1 1
MNoah L
2. Lake Evaluation oah Lyon / 1 7 1 13 2
Aden Gomez
3. Pavilion Design Maya Johnson 1 7 1 13 3
Cory Siegel /
4, Road Desi 2 3 2 13 4
oacway Lesign Evan Felts
5. Parking Lot Desi Cory Siegel / 2 5 2 13 5
. Parking Lot Design Evan Felts
6. Pedestrian Bridge Design Cody Hall 3 5 3 13 6
7. Trail System Analysis Beau Benzing 4 5 4 13 7
8. Boat Ramp Redesign Justin Japlon 4 5 4 13 3
9. Playground Design Maya lohnson 5 2 5 13 9
10. Project Report Cody Hall 7 3 7 13 10
11. Project Presentation Cody Hall 8 2 8 13 11
12. Project Poster Cody Hall 8 2 8 13 12
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§ Plan Duration

02/19 - 02/26-
02/23 03/01
3 4

03f04-

03/08

5

I First Draft Work

03/11- 03/18 - 03/25 -
03/15 03/22 03/29
6 7 8

I Final Draft Work

04/01 - 04/08 - 04/15 -
04/05 04/12 04/19
9 10 11

04/22 -
04/26

12

26

04/29 -
05/03

13

WEEK
Period Highlight:
1
ACTIVITY .M...w.we. a.M.a H_wm.
NUMBER
1 2
1
2
3
a4
5
6
7
8
9
10
11
12

First Draft
Due

Final Draft
Submittal



Appendix B: Lake Evaluation
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Exhibit 1: Lake inundation map due to a 100-Year 24-Hour design storm.
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Exhibit 2: Flow map describing how the satellite ponds interact with the main lake.
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Exhibit 3: Recommended areas for dredging in the main lake.

Design Storm Assumptions

e The design storm evaluated was a 100-year, 24-hour storm.

e The SCS Type 2 precipitation model using NOAA Atlas 14 for depth was used for
evaluation.

e Precipitation is assumed uniform for all subbasins.

Subbasins Assumptions

e Subbasin areas were determined using Streamstats.

e The loss method used was SCS Curve Number, CN calculated using data from
Streamstats.

e The transform method used was SCS Unit Hydrograph, lag time calculated using data
from Streamstats.

Satellite Ponds Assumptions

o The satellite pond area-elevation was found by using percent reduction equations using
the embankment data from the topographic survey.

THE UNIVERSITY OF IOWA [proscr.  cesuassol
ENTAL E

CONSERVATION RESTORATION

WHITE OAK NATURE

2647 VENTURA AVENUE
CEDAR, IOWA, 52543




e Satellite Pond 1 East (NE satellite pond) was assumed to have an 8 depth with a top of
bank storage elevation of 747 feet.

e Satellite Pond 2 East (E satellite pond) was assumed to have an 8’ depth with a top of
bank storage elevation of 766 feet.

e Satellite Pond 3 East (SE satellite pond) was assumed to have a 10° depth with a top of
bank storage elevation of 764 feet.

e Satellite Pond 1 West (W satellite pond) was assumed to have a 10” depth with a top of
bank storage elevation of 768 feet.

e Outlet elevations for satellite ponds were shot using GPS and recorded at the site visit on
2/14/2024

Main Lake

e The elevation-area relationship for the main lake was found using underwater contours
from DNR data provided by Lewis Bruce. (See Figure 1)



Figure 1: Main lake contour data from DNR provided survey.




Outlets and Spillways

Outlet elevations for satellite ponds and main lake were shot with a GPS unit and
recorded at the site visit on 2/14/2024.

Manning’s n values are all correlated with the pipe material documented on site, only one
that was questionable was the north outlet pipe (this was assumed as ductile iron).

Slopes for the discharge pipes were found using changes in elevation and length.
Emergency spillways were assumed broad-crested with a coefficient of 3.

Spillway elevations and lengths were determined using modified lidar based contour data.

HEC-HMS

The following data was input into HEC-HMS (See Figure 2)
The HEC-HMS model was created. (See Figure 3)



Project: White Oak Lake Model
Simulation Run: 100-Year

Simulation Start: 1 January 2024, 01:00
Simulation End: 5 January 2024, 23:00
HMS Version: 4.11

Executed: 26 March 2024, 15:20

Global Parameter Summary - Subbasin

Area (MI2)
Element Name Area (MI2)
East 1 Subbasin 0.01
East 2 Subbasin 0.01
East 3 Subbasin 0.05
South Subbasin 0.69
West Subbasin 0.02
Downstream

Element Name Downstream
East 1 Subbasin Satellite Pond 1 East
East 2 Subbasin Satellite Pond 2 East
East 3 Subbasin Satellite Pond 3 East
South Subbasin Main Lake
West Subbasin Satellite Pond 4 West

Loss Rate: Scs
Element Name Percent Impervious Area Curve Number

East 1 Subbasin 0 74.4
East 2 Subbasin 0 64.6
East 3 Subbasin 0 74.5
South Subbasin 0 73.9
West Subbasin 0 66.7

Transform: Scs
Element Name Lag Unitgraph Type
East 1 Subbasin 4.26 Standard
East 2 Subbasin 7.77 Standard
East 3 Subbasin 11.69 Standard
South Subbasin 48.81 Standard
West Subbasin 9.46 Standard

Global Results Summary

East 1 Subbasin 0.01 6.1
East 2 Subbasin 0.01 8.34
East 3 Subbasin 0.05 46.68
South Subbasin 0.69 459.02
Satellite Pond 3 East 0.05 30.28
West Subbasin 0.02 17.43
Satellite Pond 4 West 0.02 7.96
Satellite Pond 2 East 0.01 3.62
Satellite Pond 1 East 0.01 1.11
Main Lake 0.78 41.49

Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS)

Time of Peak Volume (IN)

01Jan2024, 13:00 4.22
01Jan2024, 13:00 3.18
01Jan2024, 13:00 4.23
01Jan2024, 14:00 4.16
01Jan2024, 14:00 4.65
01Jan2024, 13:00 3.4

01Jan2024, 15:00 3.41
01Jan2024, 15:00 3.25
01Jan2024, 16:00 4.2

01Jan2024, 24:00 3.8

Figure 2: HEC-HMS input and results summary.
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Figure 3: HEC-HMS model layout.

Sediment Removal Assumptions

e At a water surface elevation of 738, the lake has 810 square feet of area exceeding a 16’
depth.

e The new 16’ depth area is 3581sq. Ft, which equates to 300 cubic yards of sediment that
would need to be removed.

e At the South end, expanding recreational boating activity available area will produce an
increase in sediment removal by 1,722 cubic yards.

e Increased the area of the 16’ depth at the current location to increase habitat life for fish
over the winter.

e Increased depth at the south end of the pond to increase recreational activity such as
fishing, the south end was also very shallow and unusable on a boat.

Unit Pricing and Inflation Factors

e Unit pricing source: Gordian; 32" Edition, Heavy Construction Costs with RSMeans data
e Inflation Factor Source: https://edzarenski.com/category/inflation-indexing/




Appendix C: Pavilions

Reference 1: Prefabricated Bench Pavilion Specifications

Sentinel Mntn Shelter Model 98-93

Specifications
Description: Table Sheiter Roof Style: Gable
Size: 10" x 10 Options Shown: Hi Rib Steel Roof, 4’ square
Roof Pitch: 3/12 table with 4 bench seats (no back) using
2" x 4” recycled plastic planks
Features Options
« Clear spans = Hot dippad galvanized
e 6x6 by 3/16 steel posts * Stan or dear sealer for wood members
« 4" sguare table, 2" x 4" recycied plastic planks « Increased wind & snow load available
« 4 bench seats (3 optional), no back, 27 x 4" recyded = Varety of roof pitches available
plastic planks « Wood post: square
Polyester powder coated * Steel post square

Wind load: 90 mph dass C
Snow Load: 30 lbs

Custom designs avaidable -
USA Made -

Roof options: hi rib, standing seam, cedar, asphalt,
tile, etc.

Gutters & downspouts

Reader boards, tabies, benches and bike radks
Chemical resstant Natur-Kote primer for harsh

enmvronments
/ﬂé&.‘dt/
Ui Es
PO Box 27, Baker City, OR 97814 (331) 5230224 (800) 232.8475 wwwnaturalstructures. com - infol@naturalstructures.com

Ry 201



Reference 2: Pavilion Loading

White Oak Conservation Area - Pavilion Loading
Assumptions:
Risk Category = I
Site Soil Class = Default
Exposure category = Partially exposed
Surface Roughness = C
Using ASCE 7 Hazard Tool:
Elevation: z=T76 fi
Wind speed:  V:=103 mph
Live Load: wy =20 paf

Ordinary, flat, pitched
and curved roof

Mahaska County: p, =33 paf
ASCE Hazard Tool
Risk Category 1

Exposure factor: C.=1.0
Partially exposed
Surface roughness C
ASCE 7-22 Table 3.7-1

Thermal factor: C,=1.2
Unheated structure
ASCE 7-22 Table 7.3-2

Slope roof factor: O :=1.0
Ct=1.2
4:12 pitch
ASCE 7-22 Figure 7.4-1c



Span length:
Flat roof snow load:
Balanced Snow Load:

Unbalanced Snow Load:

~vi=0.13-

! -—\/ .
ul *= [ﬁ*ﬁ

Py ]+ 14 =18.29
pef

e e

4
By i=0.43 -3/, « {2+ 10 =2.601

Li=25ft L,=45ft
pyi= ﬂ.T-CH'C!-pg:ET.TQ pﬂf

ps=C,py=27.72 paf

2 Lu} 2
+ = =23.7T17
[ﬂ-ﬁ]

4
hpi=0.43 - \/1, - %Jr 10 =3.164

paf
by =y hpp -y
Pus1 = -paf =13.732 paf Pusai= - paf = 16.704 paf
12 12
Wind loading:  Open building with pitched free roof: Figure 27.3-5

Wind directionality factor:
Topographic factor:
Ground elevation factor:

Gust-effect factor:

Internal pressure coefficient:

Velocity pressure coefficient:

Ky:=0.85
K_:=1.0

L0002«
K,:=e =0.972
G :=0.85 Rigid building
GC,;:=0  Open building
h..=9 ft B =13 ft+2in
o Mok T Peawe 44 g ft
=98 2
Kn=2.41.(22)" = 2.564



2
Velocity pressure: g, :=0.00256 - K, - :,-Ke.(—v—] =67.694

Angle: 6 :=atan (%] =18.435 *
Dimensions:
/i
Robin: Lo =25 ft : =0.443
Rolan
=1 h
Cardinal: L parrvans=45 8 ——— =0.246
LCardx'mxfT rans
h
Leardinattong=25 f8 ~————=0.443
LeardinatLong
Net Pressure Coefficients:

Clear Wind Flow:

Case A: CyxwaCtear=1.1
0.1+0.4
C tenri=—0.44+(0—-15 %) s | ————|=—0.1T1
NLAClenr +( ) (22-5 °_ 15 .)
—0.1-0.1
Case B: Cawnotine:=0.1+({0—15®)e | ————————|=0.008
NWEBClear ( ) (22.5 *_15 .)
—-0.8+1.1
C, deari=—1.14+(8—15 ®) e [ ———— | =—0.963
NLBClear ( ) (22‘5 °*_15 o)
Obstructed Wind Flow:
Case A: CIV“’AOPM =—1.2
-1.2-1
C i=—1+4+(0—15 *)¢ | ————[=—2.008
NLAObs ( ) (22.5 °_15 0]
—-0.8+0.6
Case B: Caw =—0.6+(0—-15°) | ——— | =—0.692
NWBObLs ( ) (22.5 0_15 .)
—-1.7+1.6
Cy =—1.6+(0—15°%)| ———|=—1.646
NLBObs ( ) (22.5 IS o)



Design wind pressures:
Pwactear = @Ky G+ Crypaon. paf = —58.69 paf
Practear = n* Ky* G «Cypaon. paf =—98.19 paf
Pwictear = 9 Kq* G+ CnwBciear » P8f = 0.41 paf
PLBCtear = G K+ G+ Cxppeien - pof = —47.08 paf
Pwaobs=Gn* K+ G+ Cyyaon. - paf = —58.69 paf
Praoss*=qnKq+ G+ Cnpaon - pef =—98.19 paf
Pwsobs =g K4+ G+ Cyweon, - paf = —33.83 psf
Preobs =Gy *Kq+ G+ Crnrpon. - paf = —80.49 pef
Vertical loads:
W, = P ACHear * SI0L (#)=—18.56 paf
Wity = PLACIar *$I0 () = —31.05 paf
Horizontal loads:
Wi = PWAClear * €08 (6) = —55.679 pef

Wt *= PLAC Leny * COS [E] =-93.151 Pf

Steel roof: Wsgeer =3 paf

Plywood sheathing: Wynep = 0.4 paf Per 1/8" thickness

Plywood waterproofing: W =3 paf Per 1" thickness

Total dead load: W= W + (32 Wapsp) + Wy, = 7.2 paf

Factored vertical load: W, = max (wp J Wy J, W VU d =34.92 paf
+wy +ps A0y, +0.75 0wy

+0.75.pg |
+0.75- (0.6 1)

Factored horizontal load: w, .= 0.6-93.1 paf =56.04 paf



Reference 3: Design of Sheathing

Design of Roof Sheathing
Unblocked OSB. 1 span
1. Bending controls
l,:=24 in

a
w, =1,

F,S = —T0 _167.616 I in

2. Span rating = 24/0
f .in

F,S:= 300
2
EI := GO000 Bof-in_
F,:=130 bf
It
3. Adjustment factors

Cp=1.15 [C}=1.0 Cy=10  Cg=1.0

4, Adjusted design values

F,S'=F,S+Cpy-C,-Cyyp Cy=345 2L
EI'=EI.C,-Cyy-Cg=60000 2L
Fy=F,eCprCyy-Cy=130 L.
7t
5. Allowable uniform loads
10+ F,S’
Eb:i—:lirszlrlal?ﬁ plf
1
20.F"
w, = ~ __=126.829 paf
©12+(,-3.5 in)
A b o 1T43-BI Ay, o s
=— 1 —0.14n Wwpppi=——— — =31.5
H 240 T 12.1,* d)
I 1743.El'- A,
Apy=——=0.133 in Wy =1 — 49 028 paf
180 12.1,°



6. Design check
Bending:
Shear:
Short term deflection:

Long term deflection:

w, =34.92 paf
w,=34.92 paf
pe=2T7.72 paf

ps=27.72 paf

=  w,=TL.875 psf
= w,= 12&.829”

< wpy=42.028 pef

Select 24/0 OSB Sheathing

7. Thickness - Panel Design Specification Table 11

3.,
t::—m
&

OK

OK

OK

OK

8. Panel edge support - Manual for Engineered Wood Construction Table M9.4-1

Table M9.4-1 Panel Edge Support?

With edge support: 24 in

Alaximum Recommended Span (in.)
Sheatbing With Witheut
Span Rating Edige Sapport Edge Sapport
40 24 L
M6 4 M
3216 12 bt}
4020 40 2
45 43 36

Without edge support: 20 in

Edge support required ->

I. B i for W% srd W 1% performance cocpory penek, M me for 15002 and

V2 perdsrmrance ciispory parels

2 Additionsd edpe mppor i@ moommesdod whon pasel widshe ane loa
thai M omches bl aipgeen sngisnamet deaib] by obisieed Trom e

rmaruliueo

use tongue and groove

Tahls MBLE-2 Einimum Nailing fer Woad Panal App
Wl i 1
] Pagsl | [ndermssdiste
Apgisiion Kull Rine & Trpe Edpe | epperi
Ringhe Fhima—Ghor-salend Imstadluctan’ Ring- or v hask et _
16, 30, 34 ox, 34 parfommance casgory of ki [ & 12 Hall 517 = Bd
4oz, 78 or | parkorenscs cgey = e 12
B, 48 ac, 13-, apaa 5 applicarion a3 1 it
38 o, (48, wpan f:-c) spplcancal ¥ e . .
Singht Ther-Naikd-saly imsalbithon Biag- ot sore hank Hall Spaﬂlng:
186, 30, 14 0x, b4 perfiimance s gory of et & IH]
oz, 78 o] parkormmncs casgey 1 1 12
12, 48 ac, {12 wam application) 5 e 12 1
(40 g sppbce) a s 6 in for panel edges
Comman imth, ring: or iovu-dhsnk

7181 1.7 fuck parioaancs camgory
T 8 prrforrance caspary o u e
Thaciai pacali b

12 in for intermediate
supports

/14 periammancy crmpory of len [] H
v 118 perforrames catgery W e | u
Shui ErmEen wmib, reg- or ik’
% 140 | parisnancs cEmpory | ] =
Thxkor pexch % mag- o woere-ihank ] 1=
o 10 commeon wnerk
[T S S Ry ———
3 g, ek 3 (ot s B e § smprots Ay 8 et A

1 ke vl e dcarmee. ma b e
1 bon g 3 m o prars e e . i .
8 Ve cmy sl omtirmng -3 TH

24/0 OSB sheathing, 0.375 in thick



Reference 4: Design of Purlins

Design of Purlins
Factored load:
Tributary width:

Max. moment
and shear:

4x6 Douglas Fir-
Larch No.2:

Bending:
Shear:
Young's Modulus:

Section
properties:

Adjustment factors:

q,:=35 paf

wp=2ft =g, wp=70 plf

w, «{12.5 2
ﬁ-f::%:l.ﬁﬁ? kip- ft

w125
P L 125 8

=0.438 kip R:=V

L:=12.5 ft
F,:=900 pei
F,:= 180 psi

E:=1600 kei  E,, =580 ksi

h:=3.5 in d:=5.5 1M

Ai=hed=19.25 in’

1 .
Ti=—«hed® =48.526 in'
12
I L
S:i=—=17.646 in"
d
2
Ch=1.15  C;:=1.0 Cypi=1.0

Cﬂhl_l =085 C_\;k.- = 0.97 Cp'f,-:: 1.3

C,=115 [C}=10 Cj,i=1.05



I
Beam stability l,:=12.5 ft —=27.273 =7
factor, CL: d
l,:=1.63+1,+d=20.833 ft

Ejmm = E|'rm':l'l ‘C.'L!' = C! = C: 'C'J"z 580 kesi

!F ‘d 1‘2 .EJTHIT]
Rg:= —— =10.595 Fypi=————=6200.7 pai
b Ry’

Fb__'!m_:: Fh_i C.EJ.C;U'CI.CF.CI' C.'_Z 154'? p‘-

F F * F
1+ F“E] 1+[F"£] F"E
C_L | haderr _ Bstar _ bslar —0.984
1.9 1.9 0.95
L M .
Working stresses: fyi=—=929.752 pai
v
f,_. = =34.091 jﬁ

Adjusted design values:
Fyi=F Cpe Oy o Cyo Cp o CpeCp,y« O O, = 1358.875 pai

F':=F,-Cp:CppyCy=Cp+Cp+Ch, - C;C,=310.143 pai

Check design:

Pasitive bending:
F',=1358.875 psi >  f,=929.752 pai 0K
e:x:R::f—": 0.684

b

Shear:
Fo=310.143 psi > f.=34.091 psi 0K
OCR:= Ju =0.11

F

T



Deflection:

1
12

Ii=—«bed® =48.526 in’

wipi=|wp+ P ewp=0.002 By (P50 _ 0028 BP
2 ft 2 It

d84.E.71 d84.-E.71

'ﬁiul H— (1.5* :55,.;:}+6“-=I].592 ﬁl

L
Sop=0.196 in < Appri=——=0.41T7 in oK
5T Ly | 60
8,0 =0.592 in < m_b;:i:u.ﬁﬂﬁ in oK
=i 240

Purlins are 4x6 Douglas Fir-Larch No.2

*Designed for worst case purlin, use the same size for each

=0.298 in  bopi= =0.196 in



Reference 5: Design of Girders

Design of Girders
Length:
Factored load:

Max. moment
and shear:

4x10 Douglas Fir-
Larch No.2:

Bending:
Shear:

Section
properties:

Adjustment factors:

L:=18 ft

~—  (8R

w)=BB) _ 10 BP
Eu="7 ft

p w,-(L)*

M= ; ) =7.875 kip - ft
N Y 1

Vi= =1.75 kip

- 2

Fyl:= 1500 pei

F =175 psi

B:=3.54n =925 in

A:=b.d=32.375 in’

fi=L .b.d® =230.84 én*
© 12
= I L 2
Gi=—=49.911 §n
B=—

2
Cp=115 [C)=1.0
t";'l.!iltz 0.85 .p'_l'_“_; :=(.97
C)=115 =10

i:}_]:: 1.1

1.05



. I
Beam stability Li=225 ft —=20189 >7
factor, CL: ' d
[)=1.63-1,+d=37.446 fi

I‘:E”'mrr; = E|'ml':rl .C.'L!' . C! = C. "'CT: as0 H

= !r:"d I ! I‘Z'E{mm
Rg:= x —18.42 Fygi=———""=2051.3 pai

Ry

Fystani=Fy+ Cp» Cpy+C = Cp=C,+ C, = 2182 pai

F F *F
1+ F’JE] 1+[F“E] F"E
EI: b _ Bstar _ bslar —0.701
1.9 1.9 .95
I , M J
Working stresses: @::?: 1893.353 pei
. v
1_:: ZSI.GE].
= b pei

Adjusted design values:
Fyfi=Fy+Cp+ Cypy+Cy+ Cp+ Cpe Cp, + O C, = 1539.895 pai

F'li=F s CpsCppy+ €+ Cy + CpeCl, C; - C, = 205.017 pai

Check design:

Positive bending:
F\,=1539.805 psi >  f,=1893.353 pei oK
pc&j::f—": 1.23

b

Shear:
F =205.017 psi > f.=81.081 psi oK
OCR:= fu =0.395

F

T



Deflection:

@‘_::%-b-n!’ =230.84 in’

Wey=|Wp+

— E-w;_.,.-L"
dppi=————=0.269 in
= 384.EST

Biodi=(1.5+857) + 8,5, =0.535 in

ﬁ_ﬂ-: 0.177 in < I..ﬂs-,]:z
8, =0.535 in < (A d=

Girders are 4x10 Douglas Fir-Larch No.2

*Designed for warst case girder, use the same size for each

PS | wp=0.042 2P
2 It

weg= | 22| wp=0.028 B2
Bal:= d w“’”'ﬁ 0.177 in
TN S
L :
—=I0.6 in OK
360
L :
—=0.9in OK
210



Reference 6: Design of Columns, Trusses, and Knee-Braces

Design of Columns
Unbraced length: K,=0972 [}=9 fi
Loading on columns: P=V=175kp w=0.6-w,,, .=0303 klf
Design values: F.:=1150 psi  [F}:=1500 pai

E:=1600 kei  [E,,;.==580 kei

Section size: H:=5.5 én =55 in

" -

2
Ai=b-d=30.25 in® S:= b'; =27.729 in’

P
Working stresses: fo= i 57.851 pai

2
wel,

— 3.064 kip-ft fj::%: 1325.963 pei

Adjustment factors: Cp:=10 Cpf=1.0 C}:=1.0 [Cg:=10

M=

Cl=10 [Cg=10 ¢:=08 [C}=1.0

Column stability factor: F

esterr *

=F::‘CD'C."|-I 'CI‘C.F 'cl

E’rrn:rl;.:: Emm = L'."I-.f II'Crlf = CI = L".!'

ﬂ,ﬂ?ﬂ‘ .Ef'rm:u %
F.p ==T={1.233- 10%} pei
[E]
Fr_E.' F:J:; 2 Fr_t.'
13 F T F F.
CF‘P== exlar _ cslor _ exlar ZD.TIE
2ep 2o o
Adjusted design value: F'.:==F_,  -Cp=822751 psi

ﬂ]== Fy+CpCyp+ CpoCp e CpeCp, +C;+ C .= 1539.563 pai



Amplification factor: 3,:=

Check design:
Compression stress:

Max. slenderness
ratio:

Bearing parallel to
grain (crushing):

Bending:

Demand capacity ratios:

-;-= 1.049
1-—

Fee

f.=579psi <

L
Ai=—=19.636 <
d

fener=f.=57.9 pei

f,=1325.963 psi

fe =0.07
F’

c

DCR(, =

F',=822.8 pei

50

< F.y.,=1150 psi

< F,=1540 psi

I
DCRy,:=—=0.861
R, =

b

Columns are 6x6 Douglas Fir-Larch visually graded timbers.

Design of Trusses
Alpine truss designs are
: : e T S S
engincered o meet specific 115 115 A5 1
span, configuration and load Live load(PSF) 40 snow 30 snow 20 wnow 20*
B Roal type shinge shirga gl shinglo
conditions. The shapes and
spans shown here represent 'ﬁ“_“ *teonstrucson
uu.lyi a fraction of the Jo:.m M:.;"‘m
millions of desigos produced
s Tow Cherd T T TR
by Alpine engincers. Botton Chers ~ 2w4 24 28 24 74 20 24 20 28 w4 24 20
Common ~ Tuss configurations i he Pitch Spans In feet to out of bearing
mos! widcly dessgned ool shages. 2 M oM B n w oW on o4 H B -
1513 »nn» ST ¥ om oW » 0 o=
w2z oMo ¥ o®wom w M @ o o om
s » mw "o “ oW o @« 2 n
w2z a8 oW oA o w wm oo R
w2 “omoer " % o “w m W oW oW
w2 “ o ow @ o oMW » oo
"2 a1 ar w w o = omomr w wroar

2x4 is suitable for chords and webs, recommend to use 4x10 (same as
girders) for top/bottom chords and web members for consistency.

Design of Knee-Braces

Used to create moment frame connection between columns and

trusses, use 4x6 for consistency with purlin size.

OK

OK



Reference 7: Design of Connections and Weight Check

Design of Connections

Knee-brace to column and beam connection:

Braces are 45 degrees

KBS17 knee-brace stabilizer

| Demarsises | Nhwatve Loacs
Mool | ™) | ypeat |Comnsctors|  Fasteners taitant -Sermce Motsbare Corimet Cote
L =05 Comsection | perJdent | Eack Conmectsr 1% > 10% Pat.
EL N T
¥, - race sgw « 45° 130 10% 1 (A »0
0] . % [ e wgn = W w00 | 835 7% [ 730
¥; - Svace mge = 45 : ) &0 =5
) -
@ L S e e wgeevatr | S0 | @ | % | %0
wu|m| | 3 ' (D02 -] :;: :g "; :% 1.7
2 - e
[ a001e2% —
‘4 e 900, s | 500 | V7 )
Lol 2% | wes | wom | w

1. AIOWGDE A0 NEvE DOSN NCNase 1r wind Of SN0 KNG wilh NC Lty NOnele Mowed. RO whtre 0T Kads gowenm
7 For bracms nstalind o rowmeiete sngies, showatie oo My be miecoiseg Detasen Gk faing 1or braos ange = 45" and

Miome itad for Lrace ange = 30° or 81

3 Fastensrs: Nad chmenuors o0 e S e biacs SewTees Dy gt Sew op 71-77 o tvseewy irfarmeton

..C
2] gz, (3] G, @52 e



End beam to post:

Retro-fitting posts to concrete foundation

RPBZ Connector-Only Values
T ‘Mowabia Conouctsr Loass
Motel | Pat | Post . Cote
Troe oty Tywe oy | M0
1 W' Aachor bott 2 ancrors or 4 screws = X 4 1500 o L)
]~ | vierrew [Tmmnes] T
L BER
1 '] i 1358 ] L]
2 g [ N ECEED
A B Walwshs
1 '] ] 845 o “5
WarIWwsps
2 ] [ ws | us | us

RPBZ Anchorage-to-Concrete  1/4" x 1 1/2" SDS Heavy-Duty Connector screws
RPBZ Anchorage-to-Concrete Values

Fastenars ABowatie Ancharage L veds
o L —
W | oy | sm B . ,, .
Tym oty Uncracked Cracked
: e W T The 2 sesew 4 0 —_ &0 22
Wt wcter F] 1520 1065 590 510
PR
s W IW Tam 2 souw ‘ B% - a3 sas
e W' danene anchor 2 2190 1868 1268 1288
5 : W a1 T 2 scww ) 1500 - 1545 1645
N-daretr wrtor 4 185 2505 172 720

1. Nosatie (000 Sor deagn shsl nat estsed mesrum of Connecsar Only Value and Anchoage 10 Conone isue.

2 Abowatin Conmecior lack sew tased on DFSP Limite For SPFAE mutpy iatse Kok by 0.80

3 Douthe Zds may be et i S of S0t post

4 For nmailanon on Bx o Keger mamtens, ¢ 0w FPED oSt DOS00 00 U, SIOWADIG A0S Muly DE TN 10 D8 1.5 & 1o 1A ANed two- Cort vilun.

5 For oo e avengin i 'y » 2.500 pit. Dosigry 18 apanaitie 10r CONCNNe MamDer woit Jasgn.

6. Away-From-Ldge loach g face of wood post 10 0o & miramean of 2% sty o ner sdge of conoete on Mt Maes of he post.

7. Alowntie anchorage 10 concrete Jplft and shwar ads fr 2 W dameter rchom e Galculiiss) per ACHD10-14 Stwar Dacs sssume cracksd
concrwie whits Lol i cormcien Dofh Crschad 20c] LnCrchnd conamele vakuse, s o e quaiied K WA and Semmec Desgn Calsgones ASH

8. Enbadrmet ag o Pase susl-butled arciors must e & misimum of 29" acct s o e wit: SETN0* or AT X" gnactisnl snchomng
achesves or Taen HD* sosw wchors

0. Alcwatie Leb Rt ehr 100 1or T Thar™ 3 muscrry scraws 00 0ol Sy 4 Sk o -y

10 TRar*Z maecory Sosbwe 3 NON-SANSes-stodd Then HD® st SN0 SNoud De uied Only N N0y 4 NOO-COMUINVG UVeOneents.

11, Thveoos on Syong Onver® S0 Meavy Duty Connocior acrows netaliod imo wood Samng must be Sy engaged rio & siucasnl wood mamoor,

Allowable anchorage loads:
P,;:=3635 pai-1.5="T85.16 kaf Modified for 6x or larger
members, columns are 6x6.
F,:=1730 pei-1.5=373.68 ksf

Fy:=1730 pei-1.5=373.68 ksf



Truss chord-to-web:

Beam-to-Column Ties and Flat Straps

- ] | . =
Colmn | Doam
L]
A 7 ] 2 [ 1355 33
WE L 5 nw 1% 4 . L9 1.340 o F
[ 1 3 1'% LA ) 4 X0 1015 raal
A W 3 ) % 4 L 2130 1A
- ] . ]
@ “ [l L8

1. Altwati ook Sse e Fiowied £ Wi O aarxsae Xeceg wilh io eifer soras sk
Finduce whans o inacs goven

2. Corvector lates tads and boserwe crasrddis am Bt b Swo parts. For snge pert nesllasens,
e hat She bxded vedaen.

3. A terwrs s Oulooor Acconty® SOWSZZE 10088 shuctunt) wood Sows Paeried Svusyh i ST wesbex

Truss gable plate:

Gable Platas

Drvermiees oese
Fastoner Gty.
Fich | deg} Conter
Wl o] s | SO R %o
8| e &2 |
*| Aoke2 FRR SRR A EREI R » L " 10 -
| aora 1z | &

T AR walie 1owth Pusvn Ly S L3f Wit O sirPouso Daciog with 1o Rt ncens stowad
Fitizm whwrw e oot gowwen

2 Correcty tabshe kst eret fasterse gueryiioes arw et Sor two feete. For srgie paet radalitonn,
L gt the Sena wloen

A Upkt nachs s0piy 19 1 S0Nmecton Detssan thes cormer vartiosl post and the beem

4 Al betenen ae @ Sarpecn Svorg - Te® SOWSZZI10000 reected thrmgh an ST weshae
Ouiriiis hos o0 for e s

5 Fastoners sod sparstel




doster | Cumensise Favtermes in DF/SP Alwadie Laads [ .
W= e[ e Jofr] =w | = [ele]em]™" «
{wa | oo | s | (25
Sarom Larbioe Sczes
o8 218 WP218.2 2] In - W | ™| Mowesd @0348x3 - 2200 | 330 | 300 | Lowsst
M6 | 2] I » % | 2% | QMO IN | mOoudxd 1400 | 4058 | 4080 | a0 N
TRL20E | WUIB3TF | 12 | 4% 5 2% | 2% | 2010%223% | IO xT 1e 4 0% 4 0 G Lowest
£ WUATF 2 %] 3% | 2% | 2% | BOWxI% | MOV« | 3 | 0SS | 2 | o .
£ WUOETH 2] % L] 20 | 2% JOMO%EI 2% | HI0ExTY N5 I i
3 mser 2N ™ 2% | 2% |20 IW | DN | S0 1305 | 2240 | 38 .
% HUS0TE 2] % % 2% | 2% | UQ0M23% ] WOSx 1% 1,220 1.945 Wi ' ‘ﬁ‘h
o wesn 2] % L) 2% | 2% | AORE3 @A0uEx1% - 31300 | 330 | 3300 s
WU2TF 2| % " 2% | 2% | 0mOosE2e3% | @oneEx 1 | L0 | 4500 | 4500 | 430 »
Wean 7] % 0 % | M A0nEsd Ao 1% — 3300 | 330 | 330
- WUB14TF 7| 1 2% | 2% (023N | BORs 1% 124 b in !
e Wee 2| % s 2% | 3% A0uar3 @0 1% - 3300 | 3300 | 330 .
HUS1GTF 2| %% = 2% | 2% | A0SR I% | @MOoNsxe | 1125 | o | AN | eme .
4a WU4ITF 2] % 3 2% | 2% | EBOM2«3N% B0M8x3 k<)) 2600 | 2600 2000 . -
a HA4TE 2] 3% ] I | 2% | 2% | BOMWIxIN 21014853 o 13 | 20 | 280 Lowest
oo st Jujate] sw faefan funasiedn] wowsed |oas | o} o | oae | an
WelG 2] % 5% 2% | % MORELT RDoEx 1% 3302 | 3300 3300

Weight Check

Unit weight of Douglas Fir-Larch No. 2: o I :_{
Estimated unit weight of steel for ®
existing pavilions (based on W12x50): rl=ta 0

ﬁ2

Smaller unit weight for wood for same size pavilion will yield a smaller weight for the
replacement pavilions, existing concrete slabs will be sufficient with retrofitting of
columns.



Appendix D: Pedestrian Bridges

Reference 1: Dead Load Calculations

Dead Load Calculations
Date: 03/04/2024

Bridge Cross-Section:

Bridge Components:

Continuous Components:
« Girders (6" x 18" Douglas Fir beams)
* Deck (3" x 12" x 109" horizontal Douglas Fir planks)
* Running Planks (2" x 12" Douglas Fir planks)
+ Rails (2" x 6" 545 Rail)
= Rail Cap (2" x 8" 545 Rail Cap)

Spaced Components:

» Posts (4" x 6" x 5'-1" Post Fabricated)
+ Rail Attachment Blocking (4" x 6" x 1'-2" 545 Blocking)

Calculations: (per girder) N

T -
girder "= 2

N
--> For continuous components:  w,,;=7v-A-|— =
-'N_rrir'df.-r'

P N
--> For spaced components:  w,,..,=—-

§ "'\'_f,rir'df.-r'
Lnst Weight

Matierial {kef)
Adamimum Alloys 0,175
| Bibwminous Wearing Surfaoss 0, 140
L lron 450
| Cinder Filling 0. 064
| Compasiod Sand, Silk, or Clay 0,120

Concree Lighiweight 0D e 0,133
Morsal Weelght wil 7% 2 5.0 ki 0,145

| Mol Weight with 5.00< % £ 150 kai 0150 + 0,001 5
Loose Sand, Silt, or Geavel 0, 11
| Soft Clay 0. 100
| Rolled Geavel, Macidas, of Rallast 0. 140
| Baeel 0,490
| Stona Masanry 0170
Wed Hued 0,060
| Saft 0.050
Witker Frush 0624
Salt Dbl

| ieem Weight per Unit Longth (kIf)

Transil Rails, Tics, and Fastaning por Track 0,200

Table 3.5.1-1: Unit Weights



Dead Load Calculations
Date: 03/04/2024

* Deck (3" x 12" x 109" horizontal Douglas Fir planks)

Adf:ck =3 m' 109 i’l=2.271 ﬂz Ndeck =1 ‘)’mﬂuw =50 f?‘
N geck b
'wdad. :=7softu.nod'Aded¢' =22-708 ) (Table 3-5-1'1)
girdlor Ji
* Girders (6" x 18" Douglas Fir beams)
A ideri=6 in+18 in=0.75 ft’ Ni o =5 I L
girder*— 0 $* n=>0. ﬂ girder = Y softwood = s
N irder lb
wgirder:=7noftumod'Agirder'( g ]:37.5—
girder ﬂ
*TABLE—1: SOLID SAWN STRINGER SIZE REQUIREMENTS — LRFD
TIMBER SPECIES — DOUGLAS FIR — LARCH
**STRINGER| GRADE - NO.1
SPAN DES!GN LOADING IN POUNDS PER SQUARE FOOT
(FEET) [PEDESTRIAN LIVE LOAD | GROUND SNOW LOAD
***65 90 120 150 200
10 3" x 8" 3" x 107 3" x 127 4" X 107 4" X 12°
15 4" x 10° 4" x 12° 4" x 147 4" x 16" 8" x 12°
020 4" X 147 6 X 127 6 X 127 6 X 14° 6 X 16°
A25 6% X 14° 6" X 147 6° X 16° 6" X 18° 6" X 20°
A 30 6° X 16° | 6 X 18 6" X 20° 6 X 20" 8" X 20"
* Running Planks (2" x 12" Douglas Fir planks)
. » 2 - L
Aplanks =2 12 in=0.167 It Nptanks=9 Ysoftwood = 90 e
Nplanks lb
Wotanks = Ysoftwood * Aplanks * =15 —
girder ﬂ
« Rails (2" x 6" S4S Rail)
3 5 2 b
A, =26 in=0.083 ft N, =6 Yhardwood =60 F
N
Wit *=Yhardwood * Arail* = ]:6 2 (Table 3.5.1-1)
girder ft
« Rail Cap (2" x 8" S4S Rail Cap)
R s 2 b
Araitenp=2 -8 in=0.111 ft N rviteap™=2 Yhardwood = 60 ft’
Nrm'lcap b
Weaileap ™= ‘Yhardwood'Am.ilmp' =2.667T —
girder .f‘



Dead Load Calculations
Date: 03/04/2024

+ Posts (4" x 68" x 5'-1" Post Fabricated)
i

Vst i=4 i1+ 6 in+61 in=0.847 ft’ Nposti=2  Spost=5Ft  Vhardwood =60 e
= Prost [ Npost | _ 4 o7 B0
ft

Wit 7=

Pw!:: mez".fhr:niﬂm=50'833 b
girder

Spost

» Rail Attachment Blocking (4" x 6" x 1'-2" 545 Blocking)
1]

Vilocking'=4 in+6 in- 14 in=0.194 ft’ Nytocking =2 Yhardwood = 60 F

Piceking*= V blocking * Yhardwood = 11.667 Ib Shiacking =9 St

b

Pyyop: N
wb{mhng - blocking ' [ b!ar.!.t::g] =0.933

k-

";hincki::g + ¥ girder

* Total Dead Load

W= wg&'rdﬁr 3+ Weck + wnhﬂkﬁ"' Wit =k wmﬂmp =+ w;nat =k wb!oﬂ&::g =88.875



Reference 2: Live and Snow Load Calculations

Live and Snow Load Calculations
Date: 03/08/2024

Bridge Cross-Section:

Bridge Components:

Width: width:=9.083 ﬁ

Live Load Calculations: (per girder) N givder =5
* Design Live Load: LL:=90 ij <-- from Section 3.1 of AASHTO LRFD
l.b B Guide Specifications for the Design
wy, = LL-width=817.47 7 of Pedestrain Bridges
Snow Load Calculations: (per girder) N yirder="5
* Design Snow Load: 5:=20 i wgi=S5width=181.66 %

FIGLIRE 16007 GROUMND SHOW |LOKOS, py, FOR THE URITED STATES nsl)

--> Figure 1608.2 is from Chapter 16 of the IBC



Reference 3: Load Combinations

Load Combinations
Date: 03/08/2024

Bridge Cross-Section:

Bridge Components:
Width: width:=9.083 ft
Load Combinations: (per girder) Nigic =5

--> Table is from the U.S. Forest Service Sustainable Trail Bridge Design Manual and
is based on the AASHTO LRFD Bridge Design Specifications

Table 10~ Load combinations and load factors the Forest Service
uses to design trall bridge components.

Description Load combination and
load factors®

Live loads 125xD+175xL

Snow load only 1.25xD+175%x8

Max Loadmg Scenario -> Snow trail users (case1) 1.25xD+1.75xL +050xS
Snow trail users (case 2) 1.25xD+1.00xL+1.75%8
Snow groomer 125D +1.75%xL+1.75%xS
Covered bridge (case3) 1.25xD+1.75xL +050x S
Covered bridge (cased4) 1.25xD+1.00xL+1.75%8
* Abbreviations: D = Dead loads L =Liveloads S =Snow loads

b b b

W= 88.875 wy, =817.47 — wg:=181.66 —
ft ft

&

Weompined: = (1.25 »wpe) + (1.75 «wy ) + (0.50 - wg) = 1632.496 —

*

W eombinedz = (1.25 * Wpe) + (1.00-wp ;) + (1.75 - wg) = 1246.469 —

2| F



Reference 4: Vehicle Load Calculations

Vehicle Load Calculations
Date: 03/08/2024

Bridge Cross-Section:

Bridge Components:
Width: width:=9.083 ﬁ

Live Load Calculations: (per girder)

T o
N girder ©= 2

* Per AASHTO LRFD Guide Specifications for the Design of Pedestrian Bridges:

- Clear Deck Width between 7 and 10 feet

Design Vehicle = H5

Table 3.2-1—Design Vehicle

Clear Deck Width Design Vehicle
Tto 10t HE
Orver 10 ft HIO

H

H10 4.0 kips 16.0 kips

HS 20 kps B.0 kips:

| |

z 14 M in, S

=| W= Tolal Weigh! of Trck and Load | =
—fowi— — — — —fowis

=
w

I I
_@_ NS _|'o!;u;_f.
I I

Figure 3.2-1—Mnintennnce Vehicle Configurations



Reference 5: Bridge 1 Forces

Bridge 1 Forces
Date: 03/29/2024

Bridge Cross-Section:

Combined Load Force Diagrams: w,,,,;;,..= (125 wpe) + (175w )+ (0.50 - wg)

--> Without Midspan Pier:

T T T T T T T T
4.0 oo 0.0 300 40,0 50,0

. PR SN S N S W T . SR T N— -
Reaction
Forces
- FZ=38H8 Fz-50M8
i L , I :
1] 50 i 180 200 B0 300 B0 400 450
- 31.80
T 2385
I 16.01
1 - 0.1
gear & i ' 2
rces [ .
T84 15.79 . |
23.73
3168
g &0 no ] 150 Ho %0 :I[;JZ- 3!:!: &0 450 500
£ ¢
Moments  oss . B e g
171,54 K 1) . i 171.94

30347 | [ 49005 400,85 | | 30547

asace | (NN S



Bridge 1 Forces
Date: 03/29/2024

> Wnth mdspanPier:f 2$pans,_éadmithLengﬁr=-2.4ﬁ

'HS Truck Loading Force Diagrams:
> Without M|dspan Pier: |




Bridge 1 Forces
Date: 03/29/2024

—-> With Midspan Pier: 2 spans, each with Length = 24 ft




Reference 6: Bridge 2 Forces

Bridge 2 Forces
Date: 03/29/2024

Bridge Cross-Section:

Combined Load Force Diagrams: w,,,;;,.q= (1.25wpe) + (1.75-w; )+ (0.50 - wy)

--> Without Midspan Pier:

0.0 10.0 20.0 30,0 400

- A
X - &
Reaction
Forces
FZ=S FZ=31103
0o 50 oo 150 ' 200 %90 ! 300 1;0
5]
I 2482
i 18.62
Shear { 1241 o3t
Forces I ! 0.00
a o A
£.21
1241 i\
1862 {
02—
s 10 50 00 250 w00 £ L
& A
Moments 5o \ ! | .
10611
1884 3 ! ! 18884

24750

we| mm (m



Bridge 2 Forces
Date: 03/29/2024

-> wlth Midspan Pierz spans, each\mth Length =20ft

H5 Truck Loading Force Diagrams:
--> Without Midspan Pier: |




Bridge 2 Forces
Date: 03/29/2024

—> With Midspan Pier: 2 spans, each at Length = 20 ft

Moments




Reference 7: Bridge 3 Forces

Bridge 3 Forces
Date: 03/29/2024

Bridge Cross-Section:

Combined Load Force Diagrams: w,,,;,,.q= (1.25 w0} + (175w, ) + (0.50 -wg)

T T T T T T T

-0.0 10.0 200 0.0
Reaction é A
Forces
 FZ=22108 F2=22.05 |
- L
oo 1 ma 540 200 260
2208 =
1 13.23
I B&2
I 4.41
Shear [+ [t
L | L
Forces = B
Al Y 4
-13.23 ; -
-17.84 |
-22.08
T T T
oa 50 109 150 00 250
& A
Moments ey = T | ‘ | | 1 L1 (sl
o524 ! 1

y = | 9524
12500 | (4535 | * 14285 | | 125.00



Bridge 3 Forces
Date: 03/29/2024




Reference 8: Bridge 1 Abutment Calculations with Water

g Wall Design Based on ACI 31602

**dient may need to add sail to match bridge surface to trail

INPUT DATA & DESIGN SUMMARY Bridge Surtace= | 74300 Bridge Length = 48 ft
L e ER Too of shutment 7a008 1 2 soan bridee
L - 40 ksi Water surface elevatio 73800 ft
= 5833 pof(equyalent flud pressurs| Under bridge ground elevation= | 730.80  # Act. Earth Press. Coeff: tan’(45-($/2)) = K
ARTH PRESSURE COEFF. K = 0490 - Active Earth Pressure: K Vo = <1
PA ARTH PRESSURE COEFF & = 2040 ' th Press. Coelf: K= tan’{45+(0/2)) = #1
FRCTION ANGLE N - 20 o e ve Earth Pressure: [ K Vo =
BACKFLL SPECIIC WEIGHT - e 20 o
SATURATED SPECIFIC WEIGHT Ve - 1334 oef
: o TABLE 15062 PRESUMPTIVE LOAD-BEARING VALUES
- R = . . venncas rouonnon | arenss sesmmemesame | REBVAMGE
h = 208 t s ermaTERas PRESSURE ipati (T et natural grade) Coemcrent o
= 20478 oot S
. = 240 osf 2 = - " & = C —
. = 03 , -
[ - 15 et e > =
THICKNESS OF TOP STEM 3 = 12 i oy iy s 53 .
THICKNESS OF KEY & STEM 3 = 2 e °
108 WDTH ) - 1
HEELWDTH L - 2 n
HEIGHT OF TOP STEM Hr = 15 L
HEIGHT OF BOT.5 e - 15
G THEKNESS " - 2
he - 0w
he - 2000
y E 3 n
L e am n
B - 10.00 t -
TP STEMRERE. (A, ) , o @ 1807 ino. (Cauton> 1870 mex ACI1435) o S C
Au; LOGATON 0 arsoiface = C Lo i
BOT.STEMRENF (A, ;) # & @ ® noc. a1 2 [ x e na
A, LOGATION (0= 1=atmaae 0 arsoiface ——
* 5 @ ® n 0. (Caution > 18%.c. max ACIT.12.22) @31 ] = i o o=
BOT. RENF.OF FOOTNG * 5 @ 1 2

1. Overturning Analysis

ANALYSIS
SERVICE LOADS Combined Loading: > With Midspan Pier: 2 spans, each with Length
W) vyl
e & & A s s 2
" n= | Rasetion | [ ¢
- Feocde: 2o -
xios
Shear
Forces. &
hPa+H Pa(rmst—re) ot a]H
Moments -
kis
kis. OVERTURNING MOMENT H5 Truck Loading: —= With Midspan Pier: 2 spans, each with Length = 24 ft
083 ks H H v Hy Hy - - e N En
070 kios | 0w 142 s 082 + =
000 kios b | oar o4 Aectin [ —
026 kips z 140
026 ks (sio)
pom e 3 r: = - 3 =
Shenr -
Forces i
. -
w x Wx wx e
500 a4 230
300 OVERTURNING FACTOR OF SAFETY - k . 3
200 S P - & o
SF=—cx = 3 + *
150 i 1776 > s imarcs (R i
1.50 PASS 188 g + X o)
6 r r [Er
150 B4 (0
150
" 1. Overturning Analysis

2. Bearing Capacity Analysis

_L_SWx-SH

e

: T2 B - '
- 6e |
b4 [1 e I
. for e=—
Fapax BL 6
s I = 01 < a= ket
— . jor e>— L
[3B(0.5L —¢e) 6
2. Bearing Capacity Analysis
CHECK FLEXURE CAPACITY. A & Axr. FOR STEM (ACI 31802 S8 02.1064.7.12.2.122. 6 128) 3. Flexure Capacity Analysis
h= 20em w, He oser 8
va or
m o
E R = \:(!»U)l’\JSAH‘J-t-(B»H)i(l.E-H"\—{DS»ﬂ-r!}(
At bese of tog stem 1 (A+H)+(B+H)+ (05« B+«h)+ (05+C*H")
060 fios
orm ke
240 kos = -
»
060 mups
07 ks c —F T
o e ® o e © o @ o n
[
d
b=12in ||« >
PM = | A5/, = 137 e > " ! '
PASS PASS
where a = n 0s e
7
o c - n 0gs  in B~ 0ss foe 0 £, < 4000 psi
— a - n 1000 in
o= (5] o s i = PTG Bk
: = VIELDED - 0ss for 7, > 3000 i
3 = 2 2 i
e s s e e e s -
; o s [T} g
o BE A . e o
" . 0003
. 8 - 085
0854 87
Paax =0.75 - -
/ 87+ f ooz o028 -
g . PasS paSS
= ooz o002 -
PASS PASS

3. Flexure Capacity Analysis




CHECK SHEAR CAPACITY FOR STEM (AC)

. VYN - 0% e

Atbase of botiom stem

4. Shear Capacity Analysis

s s > v
PASS PASS
where ¢ =0.75(ACI1318-02. Secson 9323 ) o= ors
4. shear Capacity Analysis
CHECK HEFI FI EXIIRE CARPACITY A.. FOR FOOTING (ACI318-02 SEC.154.2, 102, 10.5. 5. Heel Flexure Capacity Analysis
o g SN
0854 F 87 | 0.0018 /,
Poape =075 ———— e - 00078 Pun=——F—— -
A 2 d
L Lu (G +20.0) 0L
Fwst P+ Fwy Jor e,=—
2 L L J 6 6
= om fkips.
L L 9,
= ywetpwat =L yw, ] TeE 2 for e
2 L L )
( hY
0857 |1 — Mo
0.383bd" 1
p= = acoer
f, pass s 3
where L. = 08e et i &
[ By = 050 st
q = 069 at P [
+ - 0s Qu.toe =37 (1+5)
P
Guhear = 57 (1—
M. = R or bl
ee deees e e
e = 5] N Ao st s & & s s 8 8 8
PASS 5

5. Heel Flexure Capacity Analysis

FHEFK TAE £ EYIBE FARAFITY A FOR FOOTING IACI318-0:

105.4.7.122.122. & 125

‘ossp . 87 )
Parxe =0.75 Y s - o008 P
q..+2q,,.)bL} 12
M., :% 2—’7\‘-, - 034

= 082

wnere

0.0018 7, )
2 d )

a = in
s = =
b = in
A = i

0.0001

6. Toe Flexure Capacity Analysis

toe - tension bottom
heel - tension top

[ < 0
6. Toe Flexure Capacity Analysis
CHECK KEY CAPACITY FOR FOOTING 7. Key Capacity Analysis
15iHe ) = 131 s © Reruiw s 637 ks
PASS
Techincal Referances:
1. Alan Willams: "Structiral Engineening Reference Manuar, Professionsl Publications, b, 2001
2 Alan Willams: “Siruchiral Enginesring License Revien Problems and Sokuions”, rford University Press, 2003
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Reference 9: Bridge 1 Abutment Calculations without Water

Retaining Wall Design Based on ACI 316-02
Act. Earth Press. Coeff K= tan’(45-(¢/2)) =
INPUT DATA & DESIGN SUMMARY t Active Earth Pressure: Py= Ks*Vso1 =
CONCRETE STRENGTH t - 3 L0
AR YIELD STRESS & = 40 ks =Ka*vp Pass. Earth Press. Coeff: K= tan’(45+(¢/2)) =
SOL PRESSURE 2 = 5883 pof (equivalent fuid pressure) =Ko 1o Passive Earth Pressure P,= Ko Vaa =
PRESSURE P, = 24475 oot ) ==
- Ko =tan? (45 —= TABLE 1806.2 PRESUMPTIVE LOAD-BEARING VALUES
VE EARTH PRESSURE COEFF = 0490 2
\RTH PRESSURE COEFF K - 2040 ° d ol - . L e
SURCHARGE WEIGHT - 240 ost /_ o
FRICTION COEFFICIE W - 03 ¥ Ve = =
a: = 15 kst BC Table 18062 « .
¢ B 12 I~ . =
= 2 v sy cov, ey »
TOE WIDTH & - 1on = -
EEL WIDTH L B 2 st e 33
IGHT OF TOP STEM Hr - 15 n el
GHT OF BOT. STEM He = 15w - g
FOOTING THICKNESS h = 12
KEY DEPTH [ - ) . 5 =
SOIL OVER TOE n - 29.00 = S0 &
y - ER = =
L = 400 # C — e
] - 0 n 3 —a e i
UNIT WEIGHT OF SOIL v = 120 oot e o
UNIT WEIGHT OF CONC} X - s oot - « -
TOP STEM REINF. (A, ;) 1 " 6 16 no.c. at middle 044 S x S
BOT. STEM REWF. (A.2) 2 # 6 16 inoc. ateachface 044 2 Sy g = =
TOP RENF.OF FOOTING (A2} # 5 S - o e "
BOT. REINF.OF FOOTING (A.) = 5 @ 16 in )
1. Overturning Analysis
ANALYSIS
SERVICE LOADS Combined Loadine > With Midspan Fiar: 2 spans, sach with Langth = 24 f:
Ho = 0.5 Pa (Hr + He + b = 047 kios v - . r
. & & o N =
143 kips Reaction — ~
= 048 kips Forces - -
072 kios . u
- 05 ke 5 &5 5 ==
000 kios o
= 022 kips Shear I S .
022 kips Forces sl
= 1422 Kios )
- *
= 075  kibs Maments
= 075 kies S a7 s
= 017 kins OVERTURNING MOMENT
- 086  kips H H ¥ Hy Hy
= 070 Wl 047 0rs 133 05 100 HS Truck Loading S 0 2 G
= 000 H|  par 0rs 200 L] 151 a ST =
= 026 ks .04 15 157 2851 * *
Reaction ———
= 026 kips o) ) " (kip-f) fip-f) Forces re-
= 2488 ks
Shear (3
w x wx x Forces (e el N T R
077 200 144 230 o T FT
085 200 216 250 OVERTURNING FAGTOR OF SAFETY R e o
0.70 2.00 116 138 SF 2 Wx
000 1.50 000 .00 e T 17.04 > 15 G =
026 150 033 039 - Pass ey O e
fammen : I
026 150 033 039 e 8 o -
P 14.22 24.88 1.50 21.32 arat < g (4198
E| 1643 2773 2678 5439
(kip) k) ) (kip-1) (g1 1. Overturning Analysis
2. Bearing Capacity Analysis
CHECK SOIL BEARING CAPACITY (401 318-02 SEC.15.2.2)
L-L L —XHy
=Lr+ts+ Ly - X t T s - "
4.00 L T o "
[ { 6e
| ~ 11 €
Zw|1+—
| L . _ L
) BL . Jor e= 3
& =4
Tarax = s . = 070 kst < 15 ket
|———. Jor e=— L
[3B(0.5L —¢) 6 s
2. Bearing Capacity Analysis
CHECK FLEXURE CAPAGITY, Ag, & A, FOR STEM (ACI 31802 S£C.154.2. 102, 10.5.4, 7.122, 122, & 12.5) 3. Flexure Capacity Analysis i
—
M (“‘p“ H)((]'E H) + (05 + Pa = H2)(=+ H)
My=\==" = 5+ Pa~H7) = 078 fekips
Vo e ®e ¢ © o o o o T
B &
- 2540 kips !
b=12in ||* >
, _ _
1 P Al op stem At base of botiom stem
= 1337 fips 1837 Rips B My
PASS PASS
where a - 058 in. 058 in
c - 088 i 088
d - 1000 in 1000 in
- 0041 0.04
| YIELDED YIELDED
b - 12 IS
I EE R N - R _ 0s oo B- 08s for 0< £, 5 4000 psi
L < a - 044w 044 B = 085005 - 2000y1000 for 4000 pi <7, £ $000 i -
P - 0003 0.003 2 - 065 for £, > %000 pei
B - 085 085 ” "
0.8543 1 =T
e ~=0.75 0854, f. 87
MAX - 87+ 7 - 028 0.028 > o
o o EASA] EASS P WP
V =y ‘7 +
= 2 ¥
P =0.001 R - oo . E Y
PASS PASS
3. Flexure Capacity Analysis




CHECK SHEAR CAPACITY FOR STEM (A1 316-02 SEC 1552 11151, & 113
weby , At top stem
Vo= (== H )+ 05+ ParH) = 0e2  kips
s
V atowarc = 2000l A = 985 kips
Pass

where &= 0.75 (ACI 318-02, Section 9.3.2.3 )

At base of bottom stem

062 kips
986 s > v
PASS

4. Shear Capacity Analysis

4. Shear Capacity Analysis

CHECK HEEL FLEXURE GAPAGITY. A< .. FOR FOOTING (ACI 318-02 SEC.15.4.2. 102, 10.54,7.122, 122 & 125)

0854 /. 87

P =075 87+ / = 00278

Pyt
Moo=
Fyw,t
085/ | 1— - —Mes
038364 1.
rP= = 0.0062
f‘ PASS PASS
whes - 200 in o - 089 ket
b - 1200 - - 050 kst
e 047 ft Q3 = 0.69 kst
s 1600 1 ' os
Ast ,— Pu
orr, =) s | a2l -
1.7hf,
- o1 < P

PASS

0
f d = 0.0054

= 0853 fikies

P 6e.
Gu,zoe = o (1+3)
be.

)

’
Qu.heet = 57 (1=

5. Heel Flexure Capacity Analysis

5_Heel Flexure Capacity Analysis

GHECK TOE FLEXURE CAPAGITY. A<.. FOR FOOTING (ACI 318-02 SEC.15.4.2, 10.2, 1054, 7.12.2, 122, & 12.51

_ 085753, 1 87
Py =075 /. sTir. - oozs £ a =-"”"\‘[
(4..4+24,..)bL
Mug=—"FT"""+ = 03 fkips
6 where g
a
. Mo N
0857 |1— ==
‘ 0.383b¢/° [, N
P - 0001 .
f, P
) A f
SM . =¢| Asf | d— - = 052 fkips

= 0.0001

0.0018 A, )
2 dJ

6. Toe Flexure Capacity Analysis

6. Toe Flexure Capacity Analysis

Tachinesl Refarancas.

1. Alan Williams: “Structuiral Enginearing Reference Manuar’, Profassional Publications, Inc, 2001

2. Alan Willisms: "Structuial Enginesring Licansa Review Problers and Selutions”, Oxford University Prass, 2003,

= 0.02 n® (1t < Aes = LEY i 1t ® e ® 20 0 0 0 & .
PASS A
GHECK KEY CAPACITY FOR FOOTING
1.5(He+ He ) = 141 kips < HeeuIw = 636 kips
PASS

7. Key Capacity Analysis

¥
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Reference 10: Bridge 1 Pier Calculations with Water

Retaining Wall Devign Based on ACT 31802
INPUT DATA & DESIGN SUMMARY
- sens (equvelirt s presass off X tan’(45.(8/2 X
c H PHE BSUNE COEFF ® e Earth Pr P= K* Voot ™ 1 K,=D/8
. oa0 K= tn m 1 K, = tan 40/8
2 oo Passive Earth Pressure
i X
TABLE 1406 2 PRESUMPTIVE LOAD-BEARINO VALUES
K =
o ) ‘ €C Tatte 10
12
12
w 5
S i — -
"
L OVERTOE e
Sl o
6 1% o - -
- 0 -
. & 3 1 A= X :
ot ma TP - - )
. s o 1 A ‘ - ' :
1. Overturning Analysis
ANALYSIS
SERVICE LOADS. Combined Loading: > With Midspan Pier: 2 spans, each with Length = 24 ft
. s & ) " .
¥ s
Reaction
= **Multiply by 2 -->  Forces IS -
- )
os Shear 2o
Forces. : aw | T
o hPe+[Po(ract—re) /47 A g
= 022 Z = ;
= 2843 .
Moments .
FACTORED LOADS s s s S
= 16H =
A Prer  with ft
OVERTURNING MOMENT HS Truck Loading: SN Bidipen Plars. 2 smtoe; i Lanoth = 2%
| u “ 4
| 033 052 &1 L4 »
| Reaction e
W | oar 075 200 **Multiovbv2 >  Forces -
= =| os0 127 235
0 o " (ot % > =
= wes Shear [ ) G
Forces T + i Droam g
RESISTING MOMENT 2, e o
1 4.80 T —-—
" 261 OVERTURNING FACTOR OF SAFETY P o " =
388 =
* =
w 250 000 Sy 5670 > 5 Moments o )2
W . pass wn el L] [ ] ] ]| L i
i o
W 2 05 laae - e
250 ros
— 1. Overturning Analysis
2. Bearing Capacity Analysis
CHECK SOIL BEARING CAPACITY (ACI 31
L SWx-3Hy
L=L; o B ot
for
q9
MAx ‘ = o < o= 15 i
| ——m—m—o—o., for PASS
|3B(0.5L—¢)
2. Bearing Capacity Analysis
2.1054.7.122.122.6 125 3. Flexure Capacity Analysis
Asw 1w oo
Benp "
c JH= 2 al M, (0.5 H) + (B = H')(05 =
o1t stem V= (A=H)+ (B« H)+ 05+ 150 H
8 o
w2 w =
— —»
R . A ] c —
s ® o ® ® o o o 3
L
B ) , - At pase o botom st .
| As P. | b in - »
GM =@ Asf | d KT = 1390 1390 N M v
| L hof. /] rass pass E—
p b . - s @ i
- o8 - ons or 0 <. % 4000 pei
a 1000 1000
003 ; . . - - DES 00N, A000Y1000 or S0 s < £, 5 HOUK) pi
vieLDED veLoeD - s o - 5000 pi
. 2
s s s s 00 s ) )
- a3
(0858 8
Poacey = 0.75] O8Sp T BT :
{ - 87+ 7 - oozs 028 N
. PASS PASS
[}
Paay = 0.0018—
d 0002 «
rass pass
3. Flexure Capacity Ar




[CHECK SHEAR CAPACITY FOR §TEM (ACI 31602 5EC.1

Attop stem A

4, Shear Capacity Analysis

4. Shear Capacity Analysis

(CMECK WEFI F1EYIRE CAPACITY 4. . FOR FOOTING (ACI 31802 SEC.16.4.2,102, 1064, 7

_0.0018 b,

= o M =
8 2 o

(0854 87
P =075 4"“ : 87+ f }
1 + &

3 3

P .

Gutoe = gr(1+ 5
P &
Guneat = 57(1=3)
1757 . ™
se deneee e
Aesie . ats i < A T s e sesans
Pass

5. Heel Flexure Capacity Analysis

5. Heel Flexure Capacity Analysis

CHECM TOE £ EXIIRE CAPACITY A FOR FOOTING (AGI 31802 SEC 1542, 10210547122, 122 8125

AN

= o2 P = MIN

MIN

guat 29, )P0 42
- 6 2L

M s

ol = [T

= 0:0008 = 0031

00007

6. Toe Flexure Capacity Analysis

toe - tension bottom
heel - tension top

6. Toe Flexure Capacity Analysis

¥
® © © o & o o

— i

e ¢ o ¢ ©

CHEGK KE CAPAGITY FOR FOOTING

15 () = 118 kes < HorutW= 1084 kes

Tachincal Refersnces.

atons, he, 2001

1. Alen Wil ams: "Srustursl Enginesng Reference Menuar, Professionai
2 Alen Willams: “Snuctirel Engineeny License Review Problems and Soksors”. Osford Universay Press, 2003

7. Key Capacity Analysis



Reference 11: Bridge 1 Pier Calculations without Water

Retaining Wall Design Based on ACI 318-02
Act. Earth Press. Coeff: K, = =
INPUT DATA & DESIGN SUMMARY Active Earth Pressure: P,=
CONCRETE STRENGTH . = 3 ksi
REBAR YIELD STRESS [ - 0 ki Pass. Earth Press. Coeff: Ko=  tan’(45+(/2))=
LATER SOIL PRESSURE Py = 58.83  pcf (equivalent fluid pressure) Passive Earth Pressure: P, = Ko*Vsai =
PASSIVE PRESSURE P - 20475 bt
S TABLE 1806.2 PRESUMPTIVE LOAD-BEARING VALUES
ACTIVE EARTH PRESSURE COEFF ' 0490
PASSIVE EARTH PRESSURE COEFF. K. = 2040 LATERAL SLIONG
. VERTICAL FOUNDATION | LATERAL BEARING PRESSURE s ance
FRICTION ANGLE [ 20 deg AR OV MATIIRALY PRESSURE (R21) (PSUT Detow namral grade) Confhicient of Conesion
SURCHARGE WEIGHT ws = 240 pst i i e -
FRICTION COEFFICIENT N - 03 w . =
ALLOW SOIL PRESSURE Qa 15 kst IBC Table 1806.2 ~ a
THICKNESS OF TOP STEM . 2 = - = :
THICKNESS OF KEY & STEM p 2 i % = =
TOE WIDTH L = 2 n
L 4 = o 1 e e = 0 OTWE | e o e 0157
HEIGHT OF TOP ST Hr = 15 ft " e e 15 5 sty « s "
HEIGHT OF BOT. STEM Ha 15 L3
FOOTING THICKNESS ~ 2 i
EY DEPTH L 0 in
SOL OVER TOE n 200 in
y Lo 3 ft
L 70 ®
[ - 0 n
UNIT WEIGHT OF SOLL » 120
UNIT WEIGHT OF CONCRETE Y. = 145 pct - - 3 a7 e
TOP STEM RENF. (A, ) 1 6 @ 16 inoc.stmidde 044 in? - : 3 a
BOT. STEM REINF. (Ac2) 2 # 6 @ 16 inoc, ateachface 044 in? ==
TOP REINF.OF FOOTING (A, 3) 13 @ % in 2 o 1
BOT. REINF.OF FOOTING (A, <) M I3 @ 6 in =
1. Overturning An
ANALYSIS
SERVICE LOADS Combined Loading: > With Midspan Pler: 2 spans, each with Length = 24 ft
- 4r xes g B
= 047 wos g o i
' »
= Reaction |
Tarcds | rzemma crom—
= **Multiply by 2 > ¥
E -
= Shear T
= Forces. » o >
= N s
FACTORED LOADS
Heo= 18 H, = 0 s Moments o d
-
= 7 os ! u
154 wos OVERTURNING MOMENT =
= 1 Ko L L] Hy Hy > With Midzpan Piex: 2 spans, each with Length = 24 ft
1 o3 H 047 0. 1.00 Truck Loading: - - - — - v
W = 12w E oo o H 047 0 2 94 51 e = s = oid
Wes = 12 Wa = 026 oS 151 4 25 Reaction
z 15 ,““: -
= 12w e o (o) o LY (i) o) itiply by 2 ->
Pe175p = wos
Shear B0 T
RESISTING MOMENT Forees P el 1, R
” 2 500 1 B " T - S
W 144 173 500 720 OVERTURNING FACTOR OF SAFETY -
w102 122 350 3 426 W 73 3 z = -~
A 2 SF = = <
Wl 000 250 20 >y =91 > % =
W, 05 085 foments. SESSDF
4 PASS e | s - am
W 054 065 e - — CY L it
7108 2438
22 w2
o) i o ki) __1. Overturning Analysis =
2. Bearing Capacity Analysis
CHECK SOIL BEARING CAPACITY (AC| 31802 SEC 152.2)
L XWx-XHy
L=Lr+n+L a ' =TT =w o - "
e Ge
EW | 1+— |
L) L
] T . for ¢ -
¢ = A
f arax =3 = 078 ket < a-= E——
| N L
|= for e>— e
3B(0.5L—¢) 6 .
2. Bearing Capacity Analysis
CHECK FLEXURE CAPACITY. Ag; & Ag;. FOR STEM (AC131 122,122, & 12.5] 3. Flexure Capacity Analy: "
: — —FT
M, (hl i \)cn 5eH)+(0.5+PasH d
- s« H)+ (0.5 + Pa =}
u ( ) - s ¢—~_
o/ e o ® ®© ¢ o o
1,
= "‘ b=12in
| ( As S, A icp ster a —
GM =@ As) | d T .
M Ast = = 390 nugs 1390 ms "
| L L7617 ) - :
Pass pass
a
. = " ose
. « - 000 in 1000
= 0.003 £ = 004 0.04
e L&) YIELDED i
. b - - , ( ' P W )
G s Bew s bk . £eovxs 0, % 8000 pei > &R |
o - o A= 05 - D0 - S000w1000 4000 i <7 000 \ Fn S
= A= 065 w ", = Rl i
- ooz oo N
g PASS PASS. h [
Vo=
- oom a0z M
eass Pass
3. Flexure Capacity Analysis




CHECK SHEAR CAPACITY FOR STEM (501 318.03 SEC 1453 11131 &113)

4. Shear Capacity Analysis

Lo Lu )

lV . , [th.z + j‘l‘,.m.-)th:
Wt Fw, — .

3

Sor e,

Mus=

o

r Ly
Fwe b Pwet ——FYw;
( L

085/ |1 i M
: 0.383h4° 1 .

L
or e, > —
f € 3

rJl

o= = ootz
S PASS  Pass
whors  thua - S = T et
» = e 0% ke
o = as os ket
s = N - 08
DM, =g :h-f,[tff = 367 s
(A5 3] e = 0.34 i < Pey = o i/t

6e

G roe = (14 5)

r 6e.
Guneet = 57 (1 =)

** s es e

Al lop stem Al base of botiom stem

weliy 2

W= [ i )+ (05 PasH?) = o6z W 08z s
o
V oo = JWiJ\j I} = 588 ips a8 M - v
PASS PASS
Whers =073 (ACI 31802, Secton 8323 ) 4 ors
4. Shear Capacity Analysis
CHECK HEEL FLEXURE CAPACITY. A< FOR FOOTING (ACI 318-02 SEC.154.2 10.2.1054.7.122 122 8125 5. Heel Flexure Capacity Analysis

) 0.75 0854 . 87 0.0018 Ji,
Py =V —— - 78 Dy = = "

w a 87+ 7 o0 P 3 4

5. Heel Flexure Capacity Analysis

CHECK TOE FLEXURE CAPACITY. A<.. FOR FOOTING (AC! 31502 SEC.15.4.2. 1

» 707§(().85/i,l'_ 87 ]
pax = 0.75 ——Ftes 00—

0.0018 A, )

6. Toe Flexure Capacity Analysis

Techincal Referencos:

1. Alan Witkams: “Stuctuiral Enginoering Refarance Manual’, Professional Publcations, ine, 2001

2. Alan Witlarms: "Stuctuirsl Engesring License Review Protieers and Solusons”. Oxdord Universty Press, 2003

- = oy = MIN | .
. 87 + ’ . A an 3 d ‘|
" (9..+29,..)0LF 13
M o = e e = e Y 34 = 185 nhgs
6 2L whesrs L' = n
e -
b - -
X 3
- : " i
P - 0.0031 hy
PASS  PASS ® © o o
— v NS X
. P 5
. " 8 00 0 0 0.
Ax ) mims = 008 i < = cas i/t | e e e esseee e
PASS ~
6. Toe Flexure Capacity Analysis
CHECK KEY CAPACITY FOR FOOTING 7. Xey Capacity Analysis
15(Hew He) = 141 kips. < Hov uIW = nn Mos

v



Reference 12: Bridge 2 Abutment Calculations with Water

Staining Wal Design Based on ACI 11502

INPUT DATA & DESIGN SUMMARY

NCRETE STRENGT

o Longth

an bridee
€arth Press. Coeff: K= tan'(454/2) - K,

Active Earth Prossure Pye K.y, < K

5. Earth Press. Coeff K= tan >1 K, = tan ‘(D/8]

TAGLE 1306.2 PRESUMPTIVE LOAD. GEARING VALUES

ary, dicat wil likely nood to add fill to trail to connect

o - VERICAL FOUNDATION ST D
¢ ste ¢ ] PeaTUnE s A" batow nstens 91040
s
- a0
03
5 & BC Tasle 18052
'
o '
0 5 .
e '
L w ot
e 0o ¢
. & " . e ACI 18 A=
1 Overturning Anal
ANALYSIS
SERVICE LOADS Combined Loadi -> With Midspan Pier: 2 spans, each with Length = 20 ft
_ - o Reaction 1 *
' H Forces e e
55 o -—
= > Shear el
152 " L Forces g .-
= " -
Moments & -
- o . | o Nl e
L P
= @ OVERTURNING MOMENT H5 Truck Loading: > With Midspan Pier: 2 spans, each at Length = 20 ft
5 z " ” "
- o am ; Reacton ¢ .
= 2 e -
= % 03 o
y E - - X
RESISTING MOMENT Shear i 1'" g
Forers i T
— - ue - Bl - T A
-
1 138 OVERTURNING FACTOR OF SAFETY
& % . EWx ~EmaT Y -
" SF = I =y 7029 > » -
wa| 018 : pass Moments e [ Ll T .
o ) ) 2 5 R ) .
’ &1 )
T 26 2631 1263
" re) g o
CHECK SOIL BEARING CAPACITY (AC 152
L XWx
L=Lr+ts+Ly % = >
L Lu 5 2 ISIT,

[=w(1+82)

J————t, for es<—
Frvax =3 BL 6 . -
s
| i . for e>= PASS
3B(0.5L —¢) 6

2 Bearin

apacity Analysis

CHECK FLEXURE CAPACITY, A, & A, FOR STEM

B fkos
= 9 es

Atbase of bogom o

- == whee

i
e = 000184
e d

= e
_| PASS

onze
PASS

o002
Pass

1000

YELOED

oms B
PASS

oo B
pass

3. Flexure Capacity Analysis

My
W=(A- «C
_—
2
g ons )< 7, < 4000 psi
£, 035 003, 4000y1000 2000 psi < £, 5 5000 gui
£ ooms P -

3. Flexure Capacity Analysis




(CHECK SHEAR CAPACITY FOR STEM,

Attap stem ase of boiom e

= 2bcdsf - e . .

PASS PASS

CI31602 Secton 9323 b= 0

4. Shear Capacity Analysis

4. Shear Capacity Analysis

FMEEK MEBL B YIS CABASTY A POR FOOTING (40131802 SEC.15.4.2 102,

= 00084

>

085 f I 1

o=

B sotes
Pass  pass 3
w4 = . ae = o z 3
6 = 200 a— = 0%
. = soa = P » p
Gy roe ==—(1+
. N o _ . Qo =g (1+5)
- be.
( =La-
PP ( Quneet = 71—
s e e e
Ass e 2 om . < ou e

5. Heel Flexure Capacity Analysis

5. Heel Flexure Capacity Analysis

CHERK TOF FI EXURE CAPARITY A.. FOR FOOTING (ACI318-02 SEC.154.2,10.2, 1054, 7.122,122.8125

0854, f 8 R
p\,_,\-:(l75(¢L 0.0018 j,

6. Toe Flexure Capacity Analysis

Tacnincal References:
1. Alan Will s *Siructursl Enginesnng Reference Manuar, Professional P
2. Alan Willams: *Siructurs| Enginesning License Review Probiems and Solusons”, Oxford Universiy Press, 2003,

ations, e, 2001

/. 87+r, : ous oy = T ) = oo .
.
L7 —_—
M VR . 0z e -4 = 000 ¥
Z a. - 0 ket toe - tension bottom ® ®© © o o o o
b - 1200 in heel - tension top
( Y A i hy
Mous A s
0857 | 1— - —fes
) | merewarnd . ® ® © o o ® 6 ® © -
~ 7 = 00001 00031 . -\
' Pass PASS \
. Asf ,— Pu R A,
M, = Aof | d— B o hups L2 *
1.75f, .
®® & 800 8 0 o
= 001 o [t < Ac. = 044 it ® ® & & 0 0 o s -
PASS -~
6. Toe Flexure Capacity Analysis
CHECK KEY CAPACITY FOR FOOTING 7. Key Capacity Analysis
15 081 wes < Foeunw = 558 kes



Reference 13: Bridge 2 Abutment Calculations without Water

Retaining Wall Design Based on ACI 318-02
Coeff = tan’(45-(¢/2))=
INPUT DATA & DESIGN SUMMARY Active Earth Pressure =
% - JUTE
. - “w [ arth Press. Coeff: -
P - Passive Earth Pres: Ky Vo
3 =
; z TABLE PRESUMPTIVE LOAD-BEARING VALUES
X B Avmac wowe
¢ - Sus ormmae e [ s | R
= 2
L - o
L= - 25 &
W - 1o
MEIGHT OF BOT - 1o
CKNE: f = 2
b = o
os h = v
y = 2
L - 450w
8 - 0
- 2 o
£ v - s ot - - - o
STEMRENF (A, 3 . S 5 O Z :
 RENE OF FO M 8 a
O REINF.OF ) : 5 8 S '
ANALYSIS
SERVICE LOADS Combined Loading:  —> With Midspan Pier: 2 spans, each with Length = 20 ft
Resction 1 x
Forces - -
S
Shear e
Forces, M
. . A
am
Moments i
- | \ e e
LS g S S
HS Truck Loading === With Midspan Pier: 2 spans, each at Length = 20 ft
Reaction 4
Forces L -
RESISTING MOMENT R e T
w v " Shear ' W e
| > Forces (& Sl + .
azs e T S s
325 OVERTURNING FACTOR OF SAFETY ol R e
- 2088 > s 3 z T
» A
P 1 }
- Moments M. 2 H 1 ‘ . s e
& - o L ;S
e g
A o) ) 1. Overturning A s
2. Bearing Capacity Analysis
CHECK SOIL BEARING CAPACITY (ACI 3150
L=L;+t:+ L, 4 ® - ®
| zw
P L
or e<—
q., = 3 6
{ atax = 060 kst < Q= 15 kst
L
| ————, for e>= wash
3B(0.5L —¢€) 6
2. Bearing Capacity Analysis
CHECK FLEXURE CAPACITY. Ag. B Acs. FOR STEM 3. Flexure Capacity Analysis
[.\-D AP e
—=-H |05 + (0. - 0. R
e ) . ® ¢ © o o o o
t
B - ki l
L
| A fop siem
| = 330 fos - W
PASS
a - n. 0S8 i
] = n 0s8  in
d - 0o in 000 in
. - 0.04 .04
YIELDED TELDED
P = . 12 (P
" : — —— ar = | Bax
' - ] M=}
A - " v B = B5-0oNg, - 48 For AKO) pi < £, 5 W0 o
= 2= 068 o £, = 3000 i
¢ y P -
0.85 r ]
0.75 0854, f. 87
r = oz o028 >
\ . 4 Pass Pass
:
e = 00018 : §
v ] = o0z o.oo2 <
Pass Pass
3. Flexure Capacity Analysis

b=12in



&113) 4. Shear Capacity Analysis

CHECK SHEAR CAPACITY FOR STEM (AC| 318-02 S&1

w.P Adtep stem A base of botiom st
,(;4”)-m_{,.p“‘”—’] = 035  kips, 035  kips
Ya
I pie = bl = 285 Wps 880 kips > v
PASS PASS
where ¢ =0.75 (ACI 318-02, Section += o8

4. Shear Capacity Analysis

CHMECK HEEL FLEXURE CAPACITY. A« .. FOR FOOTING (ACI 318-02 SEC.154. 1251 5. Heel Flexure Capacity Analysis
- hY
o5 0858 87 _0.0018
P oagax = W75 \7]. 787+\/" = noz7e Pun=""7%""7 = 00084
= 1330 fekips

{ 3
osssfre fro—Me m
‘ 0383ba/_ )

”= = 0011
/ PASS. PASS i
z 2
where Sraa = kL n s = 076 kst
b 1200 in s = 034 kst
= 0ss N o = X Qu toe =L“ )
s = 1800 4 - ) e Bl B
[ f _ P B
| . Asf ,— P. a =—(]-=
oM .= .'I\I\Lfr_\i = 134 s u, neet = 7 ‘n)
| \ 1.7hf . T
. * % 5 s s e
o - 2= i “ e & kR  eessssaee -
PaSS *

5. Heel Flexure Capacity Analysis

CHECK TOE FLEXURE CAPACITY. Ac.. FOR FOOTING (ACI 318-02 SEC.154.2. 10.2, 10.54, 7122, 122 & 125 6. Toe Flexure Capacity Analysis

0.0018 A,

[0.854, 7 87 ]

Pacax = 0.75| e - PP O v = - .
| 87+ /. ozme P > a ) 0.0001

(4..+24.,.)PLF 12

M s R e— T - Ries oA,
6 =4 wher @ W0 n /
Qe = 086 wst /
/
s b - 1200 Iy
085/ 1— A - T ® ®© & o o o
- - 0g
p= '
0 = 00031 by
PASS  Pass e © o o o o
. E »
DM o=@ Asf — -
M . Asf, - . | =]
| 1.7hf, | - ki
T e e s e e e e A
(A = ao i < Azg = D4a Wit . * a0 0 0 .
PASS -
©. Toe Flexure Capacity Analysis
CHECK KEY CAPACITY FOR FOOTING 7. Key Capacity Analysis
15(Hee Ha) w 093 wos < Ho b g IW = 542 ks
PASS
Tachincal Ralorsnces
1. Alan Wilkesms: “Struchuiral Enginesring Refersnce Mania™. Projessicrsl Publicatiors. kic, 2001

2 Alar Wilkams: “Struchuiral Engincaring Licanse Review Probloms and Solstans”, Odord Unsvorsity Pross,

L]



Reference 14: Bridge 2 Pier Calculations with Water

[R=teining Wall Desion Based on ACI 318-02

L7657 )

e where
R Y B

= 0,003

® & & & 0 0 s s 0
08543, /. 87
P =075 PROL 8T
f 87+ f
— 000181
d

Atop siem

LEE BN
PASS

TELDED
12

08

0028
PASS

o002
PASS

1377 fips > "

oeE =
1000
oi1

niELDED

12 in

5
PR
_—
® ¢ © o o o o T

T

2= 05 foe 1< 7, < 4000 pei

B, 085 00NF. 0001000 flor 4000 psi = 7, ¥000 psi

- 06 for £, = KOO psi

3. Flexure Capacity Analysis

K,
<1 K=0/8
-1 K. = tan '(D/8)

LATERAL sLOMG.

-
L]
=g
l -«
LY LIS T
B
Length = 20 ft
-
= "R s R DR
™
<

Pier @ 201t
INPUT DATA & DESIGN SUMMARY SndgeSusce=  TEOD 1
CONCRETE STRENGTH t - E™ Tonofaoument=| 74308
REBAR Y =3 t = 40 (] Water surface elevation TIE00 i
. - 5883 pof (equvalen hd pressure) Underbridge ground elevaton= | 74300 4 Act. Earth Press. Coeff K= tan{45-{9/2)) =
K = a2 . Active Earth Pressure: P Ko =
Fa=Kaxyn N
s = 2000 Fass. Earth Press. Coeff K= tanid5+(d/2))=
® = 2 g Passive Earth Pressure P, = Ka "
- 0 oot
- - 1384 oot
TABLE 1806.2 PRESUMPTIVE LOAD-BEARING VALUES
WATER SPECFIC WEIGHT . = 24 oot
CONCRETE UNIT WEIGHT - us oot = e e
WATER TABLE n = 508 t FassormaTRaLs E I
PASSNE PRESSURE P, = 20475 . . = B
SURGHARGE WEIGHT " - 210 - = - =
FRICTION COEFFICENT n = 03 e 1 ant o
ALLOW SOL PRESSURE - 15 ket B Table 16062
THICKNESS OF TOP STEM v - 2
THICKNESS OF KEYA STEM . - 2
Lr = 2 t
s - ERY
e - s
HEIGHT OF BOT. STEM = - 1o
FOOTING THCKNESS " - 2
KEYDEPTH ™ - 0
n - 20
y - 2
L = 6.00 t
e - woe  w
2 6 @ % inoc.(Caion> 1. max ACI14 A= va
0 atsoilface
BOT. STEMRENF. (A, ;) '] & @ 18 nec. 0.4 i
A.- LOCATON G o 0 stsoiface -
TOR REME OF FOOTNG(Aus) ] ® 2 W =
BOT.REINF.OF FOOTNG | ' 6 @ 7
1. Overturning Analysis
ANALYSIS
SERVICE LOADS Combined Loading:  —-> With Midspan Pier: 2 spans, each with Length = 20 ft
5 1Pa bt 78 wvel
- ! Reaction 1
50833 = **Multiply by 2 -->
" VR Forces rem—
= % ¥
Shear " e
185 Kos
B Forces
s = NPeH[Pe(rwe—1e) /b we]H
War = 4 Hr N
Was = & b B
P2 (R ¥R N /B = Y
Moments & 1
FACTORED LOADS i S |
=15 = C
= SNERTORNSNG WoneENT --> With Midspan Pier: 2 spans, each at
= H H Hy HS Truck Loadine:
Z T o T S TR
= e Reaction
ream
= | “*Multiolvby2 >  Forees
= " "
- 20 5
RESISTING MOMENT Shear
w F Wi Forces RS
2 150 a2
139 620 OVERTURNING FACTOR OF SAFETY
087 Wi = SR S
0.00 0.00 SF= SH)y - 20078 > 15 »
Was| o015 036 . PASS Moments e 0o L]
> 250 233
| 22 7514
o) @ 1. Overturning Analysis
2. Bearing Capacity Analysis
CHECK SOIL BEARING CAPACITY (ACI 31602 SEC.15.22
X Wx —XHy
. =W - .
for e<=
= 08« < e 15 ke
o Pass
2. Bearing Capacity Analysis
CHECK FLEXURE CAPACITY, A, & A, FOR STEM (ACI318-02 SEC.154.2,102,10.84,7.122,122. £ 12.8) 3. Flexure Capacity Analysis
e spam He  amm a
= nPa .
fadHe = "’u:(.-|-(F){lJﬁ-fﬁ-*(E,H‘)(E‘SAHl+((}.5-ﬂ-H](U'+—3n)+[05»(
) A+ (B+H)+05+B+h)+(05+C+H")
[
Va= 048
P, 4308 =
Al base of bofilom stem
= 018 fkios
A B c

b=12in - Pl




CHECK SHEAR CAPAGITY FOR STEM (ACI 31602 S5C.152. 11141, 8 11.3) 4. Shear Capacity Analysis

Attopsem Atbass of batom siem
Vot = 2801 E 0 s o8 wps - v
pass pass

where 4= 076 ACI 31842, Secion 0323 ) o=

4. Shear Capacity Analysis

CHECK HEFI FI EXIRE CAPACTY & FOR FOOTING (ACI 3

2,1054,7.122,122,8 17 % S. Heel Flexure Capacity Analysis

P =075

0858 F. 87
L7

(@

( Ly ]
Y+ ¥+ EL e,
| 7wt rw "

9.

6 6
: . ———
0 xs,f_l 1
\

X Mous W
0.383bd" 1, }
P= -

= e e = um e z 2

L,

were o
5 = 200 in a = 083 ket
e = 035 % a = 080 ket P e
s - 1600 i + : 0o Guoe =57 (L+3)
P 6e
Qo heet = =(1 —
. heet = 57 ( )
= #ips
s e s es e s e |
B = it < = irt 18 . ]
N o= o o ® s & s 8 8 s s .
PASS + X
= 5. Heel Flexure Capacity Analysis
CHECK TOE FI EXIIRE CAPAGITY A FOR FOOTING (ACI318-02 SEC 1542, 10.2.105.4.7.122. 122.8 125 6. Toe Flexure Capacity Analysis
0854, 7. 87 ) \
)75 0858, | 0.0018
- - = o028 — -
L f 87+ 71,) 2 d ) A s
v
(9.
Mous= = where a = W00 in i ¥
a. 085 kst toe - tension bottom o o ® © o o ®
- 20 o heel - tension top
A o i h
0.85 /1
. 4 s e ¢ © o ¢ ¢ o © ©
£ = 0.0004 v 3
PASS B
A,

Acidome = 0os o1t P o it R A A N
PASS ) =
6. Toe Flexure Capaity Analysis
CHECK KEY CAPACITY FOR FOOTING 7. Key Capacity Analysis
1500 H 081 kos B euW = 950 s
paSS

Tachineal Referances:

i Willarms: "Sinuctal o1

nering Reference Manual, Professional PUSkCal

2. Alan Willams: "Struchiral Enginesnng License Review Problems and Soksons”, Cuford Unversidy Press, 2003,




Reference 15: Bridge 2 Pier Calculations without Water

Rataining Wall Design Based on ACI 318-02
Act. Earth Press. Coeff K. tan’(45-(¢/2) =
INPUT DATA & DESIGN SUMMARY Active Earth Press = ol =
1 = 0 ks Earth Press. Coeff tan’(a5+($/2)) =
P = pet (equivaiont fukd prossurs Passive Earth Pre: = K Ve =
. TABLE 1806.2 PRESUMPTIVE LOAD-BEARING VALUES
» = o3 GiAsS or MATERALS Ve | (U ————— S
. = 03 " T g . .
o - 18 et BC Tablo 18062 v
HICKNESS ! - 2 i = i Sy sk i )
HICKNESS OF KEY & STEM & - 2 in i o 090y O 0 i, g .98 2
WIDTH L - 2 f| sz - . .
EL WIOT L 3w # S -
HEEL Wi L - X + Cancen - e
HEIGHT OF T Hr . 1 . ¥ e T
HEIGHT OF BOT, STE Ve = 1.
= 2300 i
L - 5 " . e
T OF - ot . o
HT OF CONCRETE . - ' . - aw g
REINF. (A ) . e " A = 044 B 3 " "
RENE. (Az) P M & @ 1 A = 0odd - n oo
NG (A » P a % A, = 044 o "
OTING (A - & 3 6 A = a4 -
1. Overturning Analysis
ANALYSIS
SERVICE LOADS Combined Loading:  —> With Midspan Pier: 2 spans, each with Length = 20 ft
b = 0.5Fs (Hr= He = b = 026 - - -
- 038 Reaction % »
= 108 “*Multiplyby2 > Forces e —
B 072
= o072 G I i i G e e e
= o7 -
= 000 Shear 1 =
- s Forces | ) .
= o1s |
24.93 ERte g -
e
042 wos Moments & I LA
0se e = | [ LI LI o
115 wios GVERTURNING MOMENT SR s e g e (e
086 Kios H H v Hy
104 Kos IE 042 100 04z HS Truck Loading: -=> With Midspan Pier: 2 spans, each at Length = 20 ft
000 ps 035 056 150 085 1 . .
01T ios 062 099 127 panction 1B e
017 kps (kin) ki) ) fip-fty **Multiplvby2 > Forces rras -
4363 kips
RESISTING MOMENT N '
w w x Wx W S i F R e
[ike] 15 450 324 518 Forces = L e = 1 | TTTT
072 50 a2 asa OVERTURNING FAGTOR OF SAFETY A L
087 300 281 313 g 2 -
wi|  ooo 250 000 000 - SHy 90,83 > 5 L S e G S T O L
015 250 036 .4s - PASS » T J —r
0.15 250 038 0.44 Moments sl L L T
P| eas 250 6233 109.07 B A -
| zss 12214
(kip) ) (g1 1. Overturning Analysis
2. Bearing Capacity Analysis
CHECK SOIL BEARING CAPACITY (AC|318-02 SEC.15.2.2)
LI L L IWx-—ZHh
=Lr+is+Ly _ o . ——— )
r+i i = 600 L 2 ST = 041
( r 6e
| ~ e
EW | 1l4+—
| 7 . L
) ;’3L . Jor e -
4 . =4
S rtax | il . = 085 ke < a= 15 kst
| —————. Jor e>— PASS]
[3B(0.5L —e) 6 s
2, Bearine Capacitv Analvsis
CHECK FLEXURE CAPACITY, Ag. & Az, FOR STEM (ACI 318-02 SEC.154.2, 10.2, 1054, 7.122, 122, & 125) 3. Flexure Capacity Analysis .
—_—
woPy d
= —oH)(GS-H)+m.S~Pu'H‘)( “H)
, = 031 fkips
( i ® @ © o o o o
t
P = 4398 kiss
F "] b=12in
_
# — P Attop stem At base of bottom stem
OM =) Asf | d = . = v
1.76f
‘ PASS PASS
“ 058 058
c= whers a = 8 58 i
a= q X
085+b - [ A . s acs
q— a 1000 i 1000 n
= (—)-0003 0.041 0.04
A YIELDED YIELDED
¢ b - 12 12 i
e e ® 000 0 s . 0 0o Br= 033 fox 0= 5 4000 psi
o= A - 0.44 044 B = 08500507, 4000V 1000 fior 4000 psi < 7, % 5000 st -
» 0.003 0.003 £ = 085 far 7, > 000 psi
8 = 0.3 085
0.8553, 1, R7
Py =075 - 87+ / 0.028 0.028 > P
’ o PASS PASS P
W P )
o1 .
= - ¥
Pune=0.0018— R oo oo . . Y
PASS PASS
3. Flexure Capacity Analysis




CHECK SHEAR CAPACITY FOR STEM (ACI 318-02 SEC.155.2, 11.1.3.1, & 11.3)

4. Shear Capacity Analysis

Attop stem Al base of bottom stem
WPy . ~
——+H |+ (05%PaxH") = 035 kips 035 kips
Yo
V witonaric = 2¢bda] 1, = 885  kips 885  kips B v
PASS PASS
whers ¢ = 0.75 (ACI 31802, Secton 9.3.23 ) 5= am
4. Shear Capacity Analysis
'CHECK HEEL FLEXURE CAPACITY. A< .. FOR FOOTING (ACI318-02 SEC. 1542, 10.2, 1054, 7122 122 8125} 5. Heel Flexure Capacity Analysis
_o.75| 0858 /. 87 _0.0018 h,
P = U2 G 87+ / = n.0z7e P =5 = 0.0054
B 2
Lif s s it (9..+24.,.)bL0 for L
ryw, W W B - -
M1 2 fL ! 6 6
h Lo 2 = 0.856 ft-kips
Lol oy Loty a.bs” L s
Fwy We w T e [
’ AR ’ [ |
————
085 | 1— |1l - —=Fet
0.383b4° /"
p= = 0.0062
7’ PASS PASS i
where Qo o098 kst ;
G el = 0.59 ksf
(3
o - 078 ke Gu,roe = (1 +T)
& = o0s
P 6e.
Quneet = 57 (1= 3)
PM =P AsS = 087 s i )
¢ e e 0 o0 e
2 _ 2, 5 .
(Asz) = o1 infift < = 044 in 1t NhCaOO00AOoCc |
PASS 2
- 5. Heel Flexure Capacity Analysis
|CHECK TOE FLEXURE CAPACITY. A... FOR FOOTING (AC 2, 1054, 7.122 122, 81251 6. Toe Flexure Capacity Analysis
_ 3
) _o.75| OBSH . BT 0.0018 Ji,
7 aax e . J - P R - 0.0006
L £, 8T+, 2 d
= 1Sz mke A,
hers = 10.00 L
= 0ES kst
I N
ossr |1 [ - 1200
N 03835y f B - T:*‘ [ ] [ ] [ ] [ ] [ ] L ]
p= = & - 09
1, - aces h
C S ) PASS  PASS e © © @& o o o o
AN L »
= Ao f = _ = 3 . —_— |
M=) asf | 4 © e e =
s s s s 0 s A
L P — = 0.05 o’ 18 N Ags = 44 WM e & e e e e s .
PASS &
6. Toe Flexure Capacity Analysis
[CHECK KEY CAPACITY FOR FODTING 7. Key Capacity Analysis
tH) = 093 koS < He 2.30 ks
PASS

ol Refarances

1. Man Williarrs: "Siruchuirel Eng % Rekerence Manuel”, Profassionl Publications, Inc, 2001

2. Man Willias: *Structuiral Enginoaring Licanse Review Probloms and Solutions”, Oxford Univarsky Pross




Reference 16: Bridge 3 Abutment Calculations with Water

ewion Based on ACT T
**raising bridge up for constructability, grade to bridge deck
INPUT DATA & DESIGN SUMMARY Bndge Suface = 74300 **small foundation needed
CONCRETE STRENGTH f. = 3 ksl 00 of abutment 72008 **recommend leavine this bridee as is
RE3AR YELD STRESS 1. = 40 [ Water surface elevation = 73800
LATER SOIL PRESSURE 8 - 5883 (equivalent fud pressurs) Undder bridge ground elevaton = 74200 & Act. Earth Press. Coeff: K= tan®{45(d/2)) = [
ACTIVE EARTH PRE SSURE COEFF. 3 = 0490 Active Earth Pressure: P= Koo = <1
L SURE COEFF K; = 2040 Pass. Earth Press. Coeff: K= tan’{d5+(dy2)) = >1
FROTION ANGLE & - 20 deg Passive Earth Pressure: Pp= Kp™¥aon =
BAZKFLL SPECFIC WEIGHT . - 120 et
SATURATED CFIC WEIGHT o = 1334 ncf
TABLE 1806.2 PRESUMPTIVE LOAD-BEARING VALUES
WATER SPECFIC WEIGHT . - 24 oot )
WATER TABLE h = 208 t SAss armaTERALS PRES SURE (psf) 14T Delow navural grave)
PASSNE PRESSLRE 2 - 21476 .
SURCHARGE WEKGHT " = 210 T " . .
FRCTION COEFFICENT . - 03
ALLOW SOL PRESSURE = 15 ksf BC Table 1806.2 ot » -
" = 12 in .
v = 12 in
i - PR s et
e . - B e —— S——
HEGHT OF BOT. = - PR ——r1— —
FOOTING THCKNESS " s 2
KETDEPTH [ s o n
s0L o0 L = 4700 in -
y - P
L = 600 f T =
e - 0w 4 e e
(A 2 6 @ 16 no.c. (Cauti 18%.c. max AGI14.35) Aner = 044 in® — B
Au: LOGATON( 0 asoiee C = =
BOT. STEMRENF " & @ T o PR : = 3
A, : LOCATION (0 o atsoilface S - L A, E
TOP RERF OF FOOTING (Aus) 5 B [ % noc, [Casons 18 oc max ACITA222) = 7 3 I ard
BOT. REINF OF FOOTING (4, ,) e 5 a 18 n : : o :
1. Overturning Analysis
ANALYSIS
SERVICE LOADS Combined Load Force Diagram: et {125 +30p) + (175 1) + (0.50+0)
o = 05 P2k + 0P He05(Pafrast- ral ‘ X
a o 4 A
—— y " Y Reaction
Ho = e Pa e M = Kios Forces
-
H ot 200
L B Shear 4 .y .
. ¢ WPut[PaCroarre) /b re]H Davien DU S
W - 1 -
FACTORED LoADS Morerts w3 5L
- . U Py FU R PR
= 16w = 1 OVERTURNING MOMENT H5 Truck Loading Force Diagrams:
e = 12w = ! . u “ u "
- " > P N 2
= b o ) o7 ' Reaction
= Forces ream
= no wo " ot ) -
=
RESISTING MOMENT Shear -
N G x N W x Fe . - o 15 an :
| w i) . = IS T R A
w s OVERTURNING FACTOR OF SAFETY e % % &= =
8 o 30 6 ! T Wx . N
g 2% « x SF = 5 - w2 > 5 Moments  e%] . * e
2 ZHy v il . -
" a1s 0 PASS LT t P )
z] 2 ns
wp wp ( (o) 1. Overturning Analysis
2. Bearing Capacity Anal
X Wx—-XHy
. e - .
h
EW| 14 |
J
| ——, for
Daax = BL R . . . .
PN )
| = . Jor e>— rase
3B(0.5L —¢) 6
2. Bearing Capacity Analysis
CHECK FLEXURE CAPACITY, Ay, & A, FOR STEM 1021 3. Flexure Capacity Analysis
he 2088 & "
Ao . s o —_—
ca i el H 2w - 4) + (8 + H')(05 » ') + {0
[E— 1)+ (05 Beh)+
s =
N
. A B c e —
e ® ¢ & @ o o o T
L
b=12in ||+ >
= 1575 e Brs tap - v 4 +
PSS Pass -
- s - 0se "
088 P <% 4000 poi
= 100
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(CHECK SHEAR CAPACITY FOR STEM(ACI315-02 SEC.1552, 11131, &11.3)
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Reference 17: Bridge 3 Abutment Calculations without Water

Retaining Wall Design Based on ACI 316-02
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CHECK SHEAR CAPACITY FOR STEM [AC! 318-02 SEC.1552, 11.1.3.1, & 11.3)
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Appendix E: Roadways

.M. 3.210
March 15, 2023

AASHTO Guidelines
For Rural Local Roads

These "Guidelines” are a composite of the AASHTO recommendations from Chapter 5 of the Green Book (2018) and the Guidelines for Geometric Design of Low-
Volume Roads (2019). The values in the first three columns are based on the Green Book. The values in the last column (Agricultural Access) are based on the
Guidelines for Geometric Design of Low-Volume Roads. These guidelines are presented to help in the design of new construction or reconstruction projects on
rural local roads. For Federal-aid projects, design values below those shown in this table may be used on a project-by-project basis, provided that a design
exception or justification is approved by the lowa DOT Administering Bureau, as per .M. 3.260, Design Exception Process.

Design Elements All Local Roads
. Under 400

Design Volume (ADT) Grefen Book Over 2000 2000 - 400 Under 400 Agricultural Access (10)
Terrain (1) reference Level | Roling | Level | Roling | Level | Rolling Level Rolling
Design Speed (mph) Table 5-1 50 40 50 40 40 30 30 20
Stopping Sight Distance (ft) (2) Tables 3-1 & 5-3 425 305 425 305 305 200 165 95
Minimum K for Crest/Sag Vertical Curves |Tables 3-35, 3-37, & 5-3| 84/96 44/64 84/96 44/64 44/64 19/37 13 5
Minimum Horizontal Curve Radius (ft) (3) Table 3-7 758 444 758 444 444 214 135 75
Maximum Gradient (%) (4) Table 5-2 6 10 6 10 7 10 - -
Traveled Way (ft) (5) Table 5-5 22 22 22 20 18 18 18 18
Shoulder Width (ft) Table 5-5 6 6 3 3 2 2 2 2
New Bridge Roadway Width (ft) (6) Table 5-6 34 34 28 26 22 22 TW+2' TW+2'
Existing Bridge Roadway Width (ft) (7) | 120%@ 5';‘:’?(;1 Green | o8 28 24 24 2 2 UAC UAC
Foreslope (8) Page 5-11 21" 21" 21" 21" 21" 21" UAC* UAC*
Clear Zone Distance (ft) See note (9)

NOTES:

(1) AASHTO "Mountainous" terrain design guides may be used on Federal-aid projects only with lowa DOT concurrence. Note (1) in the Design Aids Table provides definitions for

Level and Rolling.

(2) Stopping Sight Distance is based on level roadways for all situations shown. For downgrades and upgrades, consult Table 3-2 in the Green Book.
(3) Based on a maximum superelevation (e) of 0.08.
(4) a. Short lengths of grade (less than 500 feet) and grades on low-volume rural collectors (<2000 vpd) may be steepened by 2%.
b. No values are shown in the Agricultural Access column because there are no criteria for maximum gradient in the Guidelines for Geometric Design of Low-Volume Roads.
(5) For Design Volumes of 2000 ADT or greater, consider using Traveled Way width of 24ft where substantial truck volumes are present or agricultural equipment frequently uses
the road.
(6) a Where the Approach Roadway Wldth (Traveled Way plus shoulders) is surfaced, that surface width should be carried across the structure.
i clear roadway width for b is Traveled way + 2ft (each side) for Design Volumes of under 400 ADT, Traveled way + 3ft (each side) for Design Volumes of 400-
2000 ADT, and Approach Roadway Width for Design Volumes over 2000 ADT.
c. For Design Volumes of 2000 ADT or greater, for bridges over 100 feet long, the width may be the Traveled Way plus 6 feet (3 feet on each side).
d. Design Loading shall be at least HL-93.
e. Refer to .M. 3.230, Traffic Barriers (Guardrail and Bridge Barrier Rail), for information on when to install or upgrade guardrail and/or bridge barrier rail.
a. Applies to bridges less than 100 feet in length. Bridges over 100 feet will be analyzed individually.
b. Design loading shall be at Ioast HS-20. Refer to .M. 1.100, Highway Bridge Programs for Cities and Counties for requirements on bridge rehabilitation projects.
c. 20 foot mi clear width is acc for Design Volumes from 0 — 250 ADT.

d. Existing Bridge Roadway Width should be greater than or equal to the Traveled Way width, unless a design exception has been approved.
e. Refer to LM, 3230, Traffic Barriers (Guardrail and Bridge Barrier Rail), for information on when to install or upgrade guardrail and/or bridge barrier rail.

(8) * If slopes steeper than 3:1 are used within the recommended clear zone distance, they should be reviewed for shielding with a traffic barrier, as per LM, 3.240, Clear Zone
Guidelines.

(9) The recommended clear zone distance is a function of Design Speed, Design Volume, horizontal curvature, and roadside gt try. To¢ ine the recc ded clear zone
distance, refer to .M. 3.240, Clear Zone Guidelines.

(10) Values in this column are taken from the Guidelines for Geometric Design of Low-Volume Roads unless specified otherwise below.
a. Design Speed is taken from the Green Book using a Design Volume of under 50vpd.
b. While the Guidelines for the Geometric Design of Low-Volume Roads allow for a lesser width, for construction projects, lowa Code 309,39 states, “...and no traveled roadway
shall be less than twenty-two feet from shoulder to shoulder.”
I" 'I:‘;e Guidelines for the G ic Design of Low-Volume Roads specify a mini Total Roadway Width (T led Way plus shoulders) of 24 feet for the Design Speeds
isted.
c. Page 4-6 of the Guidelines for the Geometric Design of Low-Volume Roads states, “Existing bridges can remain in place without widening unless there is evidence of a site-
specific crash pattern related to the width of the bridge. However, lowa Code 309 .74 states, “All culverts shall have a clear width of roadway of at least twenty feet. Bridges
shall have a clear width of roadway of at least sixteen feet.”

U




ALTERNATIVE 1: HMA
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Inputs into Pave Xpress
Asphalt:

Design life: 20 yr

Reliability: 80%

Se: 0.35

pi: 4.5

pe 2

Apsi: 2.5

ESAL (http://www.apps.acpa.org/apps/ESAL.aspx): 7538
ADT: 50

% trucks: 2%

Layer coefficient: 0.44
Drainage coefficient: 1

Min thickness: 3 in

Soil type: Varies

CBR: 3

Resilient Modulus (PSI): 5161.17
Base Layer Type: Aggregate
Base modulus: 15000

Base thickness: 6.5 in

Drainage Factor: 1.2

Layer Coefficient: 0.44

Asphalt Thickness: 4in
Aggregate Base Thickness: 6.5”

Concrete:

Design life: 20 yr

Reliability: 80%

Se: 0.35

pi: 4.5

pe 2

Apsi: 2.5

Closest City: Des Moines

ESAL (http://www.apps.acpa.org/apps/ESAL.aspx): 7538
ADT: 50

% trucks: 2%

Modulus of Rupture: 800 psi (typical)
Modulus of Elasticity: 4,000,000 psi (typical)
Poisson’s ratio: 0.3 (typical)

Joint spacing: 170 in (typical)



Load Transfer Coefficient: 3 (typical)
Edge Support: 1.01 (typical)

Base Layer Type: Aggregate

Base modulus: 15000

Base thickness: 6.5 in

Drainage Factor: 1.2

Slab Friction Coefficient: 1.4

EFF Modulus of Subgrade Reaction: 2720
PCC Thickness: 6”

Aggregate Base Thickness: 6.5”

Design Criteria Used Based on 1.M. 3.210

Lane Width: 10 ft
Shoulder Width: 2 ft
Slopes: 3:1 H:V
SSD: 95 ft

Min R: 75 ft

ROVC CrestK: 5
ROVC SagK: 5
Min Grade: 0.5%
Max Grade: 12%

Table 4.A: Roadway Cost Estimates Alternative 1 (HMA)

Project: White Oaks Nature Conservation Road Design
Item Item Name (BID TABS) Item Code Unit UnitCost  Quantity Total Cost Rounded Cost
Excavation - Class 10
EXCAVATION, CLASS 10, ROADWAY AND
Cut/Fill BORROW 2102-2710070 [CY S 4.36 1278.75|$  5575.35[$  5,575.00
Backfill Placing GRANULAR BACKFILL 2402-0425031 [TON $ 3517 1516.2795| $ 53,327.55 | $ 53,500.00
COMPACTION WITH MOISTURE AND DENSITY
1" Subbase Compaction CONTROL 2107-0875000 |[CY S 1.28 | 245.6844444| S 31448 | $ 315.00
GRANULAR SURFACING ON ROAD, CLASS A
6.5" Granular Base CRUSHED STONE 2312-8260051 [TON S 39.91 | 1889.722852| $§ 75,418.84 | S 75,500.00
Pavement
HOT MIX ASPHALT MIXTURE, COMMERICAL MIX
4" HMA Pavement (INCLUDES ASPHALT BINDER), AS PER PLAN 2303-0000100 [TON S 14471 1658.37| $ 239,982.72 | $ 240,000.00
10.5" Gravel Shoulders GRANULAR SHOULDERS, TYPE A 2121-7425010 [TON S 26.55 | 610.5258444| $ 16,209.46 | S 16,200.00
4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015 [CY S 6.17 | 185.6239037| $ 1,145.30 | $ 1,150.00
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 [ACRE $ 4,199.05 | 0.345168416| $ 1,449.38 | $ 1,450.00
PAINTED PAVEMENT MARKING, WATERBORNE
Pavement Markings OR SOLVENT-BASED 2527-9263109 [STA S 21.94 |13+30.790741] $ 291.98 | $ 290.00

Total Cost

Option 1 HMA

| $ 393,715.05 | $ 393,980.00




Table 4.B: Roadway Cost Estimates Alternative 2 (PCC)

Project: White Oaks Nature Conservation Road Design
Item Item Name (BID TABS) Item Code Unit Unit Cost  Quantity Total Cost Rounded Cost
Excavation - Class 10
EXCAVATION, CLASS 10, ROADWAY AND
Cut/Fill BORROW 2102-2710070 |CY S 4.36 1277.19| $ 5,568.55| $  5,575.00
Backfill Placing GRANULAR BACKFILL 2402-0425031 |TON S 3517 1469.3924| S 51,678.53 | $ 51,500.00
COMPACTION WITH MOISTURE AND DENSITY
1" Subbase Compaction CONTROL 2107-0875000 |CY S 1.28 | 245.6844444] $ 314.48 | $ 315.00
GRANULAR SURFACING ON ROAD, CLASS A
6.5" Granular Base CRUSHED STONE 2312-8260051 |TON $  39.91| 1889.722852| $ 75,418.84 | $ 75,500.00
Pavement
STANDARD OR SLIP FORM PORTLAND CEMENT
CONCRETE PAVEMENT, CLASS S, CLASS 2
6" PCC Pavement DURABILITY, 6IN. 2301-1032060 |[SY S 49.00 | 7370.533333| $ 361,156.13 | $ 361,000.00
12.5" Gravel Shoulders GRANULAR SHOULDERS, TYPE A 2121-7425010 |TON S 26.55 | 2180.449444( $ 57,890.93 | $ 58,000.00
4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015 [CY S 6.17 | 185.6239037[ $ 1,145.30| $  1,150.00
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 |ACRE $ 4,199.05 | 0.345168416] S  1,449.38 | $  1,450.00
PAINTED PAVEMENT MARKING, WATERBORNE
Pavement Markings OR SOLVENT-BASED 2527-9263109 |STA S 21.94 |13+30.790741| S 291.98 | $ 290.00
Total Cost
[option 2 PcC | | | $ 554,914.11 | $ 554,780.00
Table 4.C: Roadway Cost Estimates Alternative 3 (Gravel)
Project: White Oaks Nature Conservation Road Design
Item Item Name (BID TABS) Item Code Unit Unit Cost  Quantity Total Cost Rounded Cost
Excavation - Class 10
EXCAVATION, CLASS 10, ROADWAY AND
Cut/Fill BORROW 2102-2710070 |CY S 4.36 0 $ - S -
Backfill Placing GRANULAR BACKFILL 2402-0425031 |TON S 35.17 0 S - S -
COMPACTION WITH MOISTURE AND DENSITY
1" Subbase Compaction CONTROL 2107-0875000 |CY S 1.28 | 245.6844444] S 31448 | S 315.00
Pavement
GRANULAR SURFACING ON ROAD, CLASS A
1" Gravel Pavement Surfacing | CRUSHED STONE 2312-8260051 [TON S 39.91| 290.7265926| S 11,602.90 | $ 11,600.00
1" Gravel Shoulders Surfacing | GRANULAR SHOULDERS, TYPE A 2121-7425010 |TON S 26.55 | 58.14531852| $ 1,543.76 | $ 1,550.00
4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015 |CY S 6.17 0 $ - S -
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 |ACRE $ 4,199.05 0 $ - S -

Total Cost

Option 3 Existing Gravel

[$ 13461.13[$ 13,465.00




Table 4.D: Roadway Cost Estimates Phase 2 (HMA)

Project: White Oaks Nature Conservation Road Design
Item Item Name (BID TABS) Item Code Unit Quantity Total Cost Rounded Cost
Excavation - Class 10
EXCAVATION, CLASS 10, ROADWAY AND
Cut/Fill BORROW 2102-2710070 [CY S 327.47 1,427.77 | $
Backfill Placing GRANULAR BACKFILL 2402-0425031 [TON 298.2284| S 10,488.69 | $
COMPACTION WITH MOISTURE AND DENSITY
1" Subbase Compaction CONTROL 2107-0875000 [CY 72.73703704 93.10 | $
GRANULAR SURFACING ON ROAD, CLASS A
6.5" Granular Base CRUSHED STONE 2312-8260051 [TON 559.4690432 22,328.41 | $
Pavement
HOT MIX ASPHALT MIXTURE, COMMERICAL MIX
4" HMA Pavement (INCLUDES ASPHALT BINDER), AS PER PLAN 2303-0000100 |TON S 490.975| $ 71,048.99 | $
10.5" Gravel Shoulders GRANULAR SHOULDERS, TYPE A 2121-7425010 [TON S 180.751537| $  4,798.95 | S
4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015 [CY S 43.60473086| $ 269.04 | S
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 [ACRE S 0.081083177| $ 34047 | S
PAINTED PAVEMENT MARKING, WATERBORNE
Pavement Markings OR SOLVENT-BASED 2527-9263109 |STA 9+81.95 21,543.98 | $

Total Cost

Option 1 HMA

[ $ 132,339.42 [ $ 132,228.00




Appendix F: Parking Lots

Table 8B-1.02: Minimum Parking Dimensions

Parking Angle (0)
Parking Lot Dimension One-way Aisle
o0 | 4 | e | a5

Stall Projection SP 1577 | 12’97
Aisle Width A 204" | 21'-67
Base Module M, | 516" | 470"
Single Loaded Module M: i | 326" | 29-5”
Wall to Interlock M; | 49°-4” | 44’07
Interlock to Interlock M 47°-2” | 4107
Overhang o | | 22 19

Width Projection | WP . 9-10” 12°-0”
£ |86 -
= Interlock i 2.2 30"
= Width Projection | WP 10°-5" 12’9
Z |90

Interlock i 2-3” 327
Notes:
1. Aisle width may be increased up to 3 feet to provide a higher level of comfort.
2. In lots where at least 30% of stalls have curbs, aisle width may be reduced by 1°-0™.
3. Light poles and col may p a i of 2 feet into a parking module as long as they do not

encroach on more than 30% of the stalls. When more than 30% of the stalls are encroached, interlock
reductions cannot be taken.

4. For additional parking angles, refer to The Dimensions of Parking, ULI, NPA
Source: Adapted from Urban Land Institute, National Parking Association

Figure 8B-1.02: Accessible Space Dimensions
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Table 8B-1.03: Pavement Thickness for Light Loads
(Parking lots with 200 or less cars/day and/or 2 or less trucks/day or equivalent axle loads)

On 12” of Prepared Subgrade

Sug%r;de I\S/I:It.te‘?-::l On 12”of Prepared Subgrade with 4” Granular Subbase
Minimum Desirable Minimum Desirable
9 Rigid 5” 6” 4” 5”
Flexible 5" 6” 4” 53
6 Rigid oF 6” 4> 5?
Flexible 5” 6” 47 5”
3 Rig'd 5” 6” 4” 5”
Flexible 6” 6” S S




Table 8B-1.04: Pavement Thickness for Moderate Loads
(Parking areas, entrances, perimeter travel lanes, and frontage roads subject to 201 to 700 cars/day

and/or 3 to 50 trucks/day or equivalent axle loads)

On 12”of Prepared On 12” of Prepared Subgrade
Subgrade | Surface Subgrade with Granular Subbase
ChE Hiigtental Minimum Desirable Eftckuers OF Minimum | Desirable
Granular Subbase
9 Rigid ik 6” 4 4 ik
Flexible ik 6” 6” 4” S
6 Rigid =il 6” 6” 4.5” S
Flexible 6” 6” 8” 5” 5”
3 Rigid DO 6” 6” 52 5*
Flexible 6” 7 8” 6” 6”

The portions of the parking facility serving truck traffic such as entrances, perimeter travel lanes,
trash dumpster sites, and delivery truck routes must be designed to accommodate heavier loads. The
number, type, and weight of delivery vehicles can usually be predicted with a fair level of accuracy.
With this information, ESAL values and pavement thicknesses can be determined using the
methodology described in Chapter 5 - Roadway Design.

If the parking lot is to service an industrial area, such as a truck stop or manufacturing facility, the
volume of truck traffic and the associated ESALSs should be determined and an independent pavement
thickness determination completed to ensure meeting the 20 year design life needs of the project.

Table 8C-1.02: Minimum Accessible Parking Ratios

Total Number of Minimum Number of
Spaces Provided Accessible Spaces
1 to 25 1
26 to 50 2
51 to 75 3
76 to 100 4
101 to 150 5
151 to 200 6
201 to 300 7
301 to 400 8
401 to 500 9
501 to 1,000 2% of total
20, plus 1 for each 100, or
1,001 and over fractri)on thereof, over 1,000




Figure 8B-1.01: Parking Dimensions
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For Pavement Thickness Calculations, See Appendix E

Access (SUDAS Section 8B-1 A)
Width: Where separate entrances and exits cannot be provided, the driveway to the parking
lot should be at least 24 feet wide to provide two 12 foot lanes

Normal Parking Stalls: (SUDAS Section 8B-1 C)
Recommended Stall Width: 9°




Recommended Stall Length (Non-Trailers): 18’

ADA (SUDAS Section 8B-1 D)
ADA Car Minimum Width: 8
ADA Van Minimum Width: 11°
Car Access Aisle Width: 5°, if made 8’ then width of adjacent van spot can be 8’
Van Access Aisle Width: §°, if made 8’ then width of adjacent van spot can be 8’
ADA Lane Lengths: Use typical 18’

Parking lot grades: (SUDAS Section 8B-1 E)
Typical: Slopes of 1.5% should be used to ensure proper drainage and eliminate standing

water and icy conditions.

(Possibly by boat ramp): Minimum pavement slopes of 0.6% may be used, however since the
potential for flat areas is greater, additional measures to address drainage, such as slotted
drains or pervious pavement, may be necessary.

ADA: Slopes greater than 2% in areas between the parking lot destination and the

accessible parking stalls should be avoided as they create a situation where constructing an
accessible route is difficult. Slopes greater than 5% are discouraged.

Pavement: (SUDAS Section 8B-1 F)

Design Life: 20 years
Pavement Thickness Cars only: Table 8B-1.03
Pavement Thickness Trucks and Trailers: Table 8B-1.04

Spots: (SUDAS Section 8C-1B)

Spots Required: ???
ADA Car Spots Required: Table 8C-1.02
ADA Van Spots Required: 1 per 6 car spots, if only one ADA spot on site make it van



Table 5.A Parking Lot Cost Estimate Alternative 1 (HMA)

Project White Oak Nature Conservation Parking Lot Design
Item Item Name (BID TABS) Item Code Unit Unit Cost Quantity Total Cost Rounded Cost
General
[Tree Relocation TREE, TRANSPLANTING 2610-0000150 [EACH] $  2,500.00 | 1l$  250000]$  2,500.00
Excavation - Class 10
Cut/Fill EXCAVATION, CLASS 10, ROADWAY AND BORROW 2102-2710070 |CY $4.36 1914.6215 $8,347.75 $8,300.00
Backfill Placing GRANULAR BACKFILL 2402-0425031 [TON $35.17 2718.76253 $95,618.88 $95,500.00
1" Subbase Compaction COMPACTION WITH MOISTURE AND DENSITY CONTROL 2107-0875000 |CY $1.28 135.6282463 $173.60 $175.00
6.5" Granular Base GRANULAR SURFACING ON ROAD, CLASS A CRUSHED STONE 2312-8260051 |[TON $39.91 1251.848713 $49,961.28 $50,000.00
Pavement

HOT MIX ASPHALT MIXTURE, COMMERICAL MIX (INCLUDES ASPHALT
4" HMA Pavement BINDER), AS PER PLAN 2303-0000100 [TON $144.71 1065.948078 $154,253.35 $154,500.00
4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015 |CY $6.17 95.6567716 $590.20 $590.00
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 [ACRE $4,199.05 0.177874532 $746.90 $745.00
Pavement Markings PAINTED PAVEMENT MARKING, WATERBORNE OR SOLVENT-BASED  |2527-9263109 [STA $21.94 3.6] $78.98 $79.00
ADA SYMBOLS PAINTED SYMBOLS AND LEGENDS, WATERBORNE OR SOLVENT-BASED |2527-9263137 |EACH| $ 116.10 3] S 348.30 | $ 350.00
Sidewalk
[6" PcC sidewalk [SIDEWALK, P.C. CONCRETE, 6IN. [2511-7526006 [sy |$  9741] 145.0698556] $ 14,131.25[$  14,100.00 |

Total Cost

[HMA Parking Lot

[ [s 32675051 326,839.00 |

Table 5.B Parking Lot Cost Estimate Alternative 2 (PCC)

Project White Oak Nature Conservation Parking Lot Design
Item Item Name (BID TABS) Item Code Unit Unit Cost Quantity Total Cost Rounded Cost
General
[Tree Relocation TREE, TRANSPLANTING [2610-0000150 [EACH] $  2,500.00 | 1[s  250000]$  2,500.00 |
Excavation - Class 10
Cut/Fill EXCAVATION, CLASS 10, ROADWAY AND BORROW 2102-2710070_|cY $4.36 1914.6215 $8,347.75 $8,300.00
Backfill Placing GRANULAR BACKFILL 2402-0425031_|TON $35.17 2718.76253]  $95,618.83 | $95,500.00
1" Subbase Compaction COMPACTION WITH MOISTURE AND DENSITY CONTROL 2107-0875000_|cY $1.28 | 135.6282463 $173.60 $175.00
6.5" Granular Base GRANULAR SURFACING ON ROAD, CLASS A CRUSHED STONE 2312-8260051_|TON $39.01 | 1251.848713]  $49,961.28 |  $50,000.00
Pavement

STANDARD OR SLIP FORM PORTLAND CEMENT CONCRETE PAVEMENT,
6" PCC Pavement CLASS S, CLASS 2 DURABILITY, 6 IN. 23011032060 |SY $49.00 | 4737.547011|  $232,139.80 |  $232,000.00
4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015_[cY $6.17 95.6567716 $590.20 $590.00
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 |ACRE|  $4,199.05 |  0.177874532 $746.90 $745.00
Pavement Markings PAINTED PAVEMENT MARKING, WATERBORNE OR SOLVENT-BASED _ [2527-9263109 [STA $21.94 36 $78.98 $79.00
ADA SYMBOLS PAINTED SYMBOLS AND LEGENDS, WATERBORNE OR SOLVENT-BASED |2527-9263137 [EACH| $  116.10 3 $348.30 $350.00
Sidewalk
[6" Pcc sidewalk [SIDEWALK, P.C. CONCRETE, 61IN. [2511-7526006 [sy [$  97.41] 145.0698556] $ 14,131.25 [ $  14,100.00 |

Total Cost

|PCC Parking Lot

[ s 404,636.96 [ $ 404,339.00 |




Table 5.C Parking Lot Cost Estimate Alternative 3 (Gravel)

Project White Oak Nature Conservation Parking Lot Design

Item Item Name (BID TABS) Item Code Unit Unit Cost Quantity Total Cost Rounded Cost
General

[Tree Relocation TREE, TRANSPLANTING 2610-0000150 [EACH] $ 2,500.00 | 1[$ 250000 $  2,500.00

Excavation - Class 10

Cut/Fill EXCAVATION, CLASS 10, ROADWAY AND BORROW 2102-2710070 |cy $4.36 1914.6215 $8,347.75 $8,300.00

Backfill Placing GRANULAR BACKFILL 2402-0425031_|TON $35.17 2718.76253|  $95,618.88 | $95,500.00

1" Subbase Compaction COMPACTION WITH MOISTURE AND DENSITY CONTROL 2107-0875000 |cY $1.28 ] 135.6282463 $173.60 $175.00

Pavement

1" Gravel Pavement Surfacing [GRANULAR SURFACING ON ROAD, CLASS A CRUSHED STONE 2312-8260051 |TON $39.91 257.933115]  $10,294.11|  $10,300.00

4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015 |cY $6.17 95.6567716 $590.20 $590.00

Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 |ACRE|  $4,199.05 |  0.177874532 $746.90 $745.00
RUBBER PARKING STOPS (https://www.uline.com/BL_1062/Parking-

Parking Stops Stops) H-4608  |EACH $65.00 py) $1,430.00 $1,425.00

ADA SYMBOLS PAINTED SYMBOLS AND LEGENDS, WATERBORNE OR SOLVENT-BASED |2527-9263137 |EACH|$  116.10 3 $348.30 $350.00

Sidewalk

[1" Gravel sidewalk | GRANULAR SURFACING ON ROAD, CLASS A CRUSHED STONE [2312-8260051 [TON [$  39.91]  5.722199858] $ 228.37] S 230.00 |

Total Cost

|Grave| Parking Lot | |

[s 12027812]$ 120,115.00 |

Table 5.D Parking Lot Cost Estimate Phase 2 (HMA)

Project White Oak Nature Conservation Parking Lot Design
Item Item Name (BID TABS) Item Code Unit Unit Cost Quantity Total Cost Rounded Cost
General
[Tree Relocation TREE, TRANSPLANTING [2610-0000150 JeacH[$ 2,500.00 | o s - Is -
Excavation - Class 10
Cut/Fill EXCAVATION, CLASS 10, ROADWAY AND BORROW 2102-2710070 |CY $4.36 590.9359] $  2,576.48 [ $  2,575.00
Backfill Placing GRANULAR BACKFILL 2402-0425031 _|TON $35.17 839.128078] $  29,512.17 [ $  29,500.00
1" Subbase Compaction COMPACTION WITH MOISTURE AND DENSITY CONTROL 2107-0875000 |cY $1.28 | 49.24465833 $ 63.03[$ 63.00
6.5" Granular Base GRANULAR SURFACING ON ROAD, CLASS A CRUSHED STONE 2312-8260051 |TON $39.91| 4545281964 $  18,140.22 | $  18,100.00
Pavement

HOT MIX ASPHALT MIXTURE, COMMERICAL MIX (INCLUDES ASPHALT
4" HMA Pavement BINDER), AS PER PLAN 2303-0000100 |TON $144.71 |  398.8817325| $  57,722.18 [ $  57,500.00
4" Top Soil TOPSOIL, STRIP, SALVAGE AND SPREAD 2105-8425015 _|CY $6.17 o $ - s -
Hydraulic Seeding HYDRAULIC SEEDING 2601-2636070 |ACRE[  $4,199.05 o $ - s -
Pavement Markings PAINTED PAVEMENT MARKING, WATERBORNE OR SOLVENT-BASED _ |2527-9263109 [STA $21.94 o $ - s -
ADA SYMBOLS PAINTED SYMBOLS AND LEGENDS, WATERBORNE OR SOLVENT-BASED |2527-9263137 [EACH| $  116.10 o s - s -
Sidewalk
[6" PcC sidewalk [SIDEWALK, P.C. CONCRETE, 6 IN. [2512-7526006 Jsv [ o7.41] o s - I3 -
Total Cost

|HMA Parking Lot | |

[$ 108,014.08]$ 107,738.00 |




Appendix G: Boat Ramp
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Figure G1: U.S. Army Corps of Engineers Boat Ramp Design Standards
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Appendix I: Playgrounds

Reference 1: Prefabricated Concrete Cornhole

CORNHOLE / BAG TOSS

# BYDBSS531 # BYOBSS32

# BYOBSS533

RIV[RS\“&‘
|
e

/“

CONCRETE CORNHOLE / BAG TOSS
Size: SS" L x31"W
Weight: 633 |bs. each, 1,266 Ibs. per set

Optional Features

Custom Logos

Bike Deterrent Blocks
Water Resistant Bags

Bag Throwers Area Blocks
Skateboard Deterrent Bars



Reference 2: Prefabricated Concrete Ladder Toss

LADDER TOSS

#LT4232

CONCRETE LADDER TOSS STEEL LADDER TOSS

Regulation Size: 42" H x 32" W, base width 24" Regulation Size: 42" H x 32" W, base width 24"
Weight: 280 Ibs. Weight: 425 |bs.

Optional Features Optional Features

Support Base Support Base

Throwers Base [pictured in photograph) Throwers Base
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