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1. Project Introduction

1.1 Location
The project is in Anchorage, Alaska, located 10 miles south of downtown. It is accessible from
the New Seward Highway, with the entrance located just pass the Rabbit Creek exit and across
from the Rabbit Creek Rifle Range entrance. It has 0.5 miles of boardwalk, accessible bathrooms
and designated parking at the main entrance.

Figure 1: Location of Potter Marsh
Boardwalk

1.2 Introduction
Potter Marsh is located at the south end of the Anchorage Coastal Wildlife Refuge and is a well-
known birding area. The marsh came about when the Alaska Railroad embankment was built in
1917. The embankment blocked saltwater flow while also containing the freshwater from Rabbit
Creek, Little Rabbit Creek, and Little Survival Creek. Now many migratory birds along with
other wildlife, from moose to salmon, frequent the 564-acre area. In 1985, a 1,500-foot-long
boardwalk was built along the Seward Highway so people could view and enjoy the variety of
animals while conserving the natural habitat.

The Alaska Department of Fish and Game (ADF&G) maintains the Potter Marsh Wildlife
Viewing Boardwalk area and has recognized the need to improve the outdated structural
components, fix shifting foundations, and redesign the overall 1985 boardwalk section. The team
at Extron pursued a goal to analyze four design alternatives based on ADF&G requests and
provide 35% design documents for the selected alternative including boardwalk structures,
environmental and hydraulic analyses, and cost estimations.

1.3 Existing Conditions
Many of the problems with the boardwalk are visible such as loose railings, shifted joists, rot,
and frostjacked piles. The boardwalk has exceeded its intended lifespan, does not meet all
current codes and lacks certain design features that improve visitor experience. Some examples
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of this are a lack of a distinct destination at the end of the boardwalk, as well as a lack of
emphasized viewing areas that encourage visitors to linger in notable locations.

FIGURE 2: EXISTING CONDITIONS

Since the land is a bog, there are several environment conditions to take note of. The area is a
flood zone AE meaning it is at high risk of flooding, and the risk is amplified by the ground
conditions and the topography. According to the Natural Resources Conservation Service,
referenced in Appendix B, the soil falls under hydrologic class D which has a low infiltration
rate. Additionally, the marsh is very flat, which reduces runoff. However, this terrain
characteristic adds to the experience of visiting Potter Marsh so one can see its entirety.

1.4 Design Criteria
The design criteria chosen are conceived with the following outcomes in mind.

1. Experience: A new boardwalk design should engage the visitor and be able to
accommodate the many people who tour Potter Marsh since its Anchorage’s most popular
wildlife viewing site.

a. Features: Design should consider off-shoot viewing boardwalks and platforms, and an
elevated wildlife viewing tower to add to the visitor’s experience.

b. Safety: The boardwalk should be built according to the current codes and standards that
emphasize safety. This will consider handicap accessibility and boardwalk stability.

c. Noise Reduction: The new design alternatives should consider rerouting to get visitors
further from the existing highway and railroad and deeper into the marsh’s environment.

2. Environmental & Water Impact: Any design should preserve the core area of the marsh’s
wildlife habitat.

3. Possible Complications: Each alternative will pose its own possible complications that will
need to be addressed if selected.

4. Cost: The new design will provide the best visitor experience for a given level of
investment.
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5. Time of Construction: The construction of the alternatives must be able to be scheduled in
such a way as to minimize its effect on the environment and the visitor's experience.

Four alternatives were researched in order to find the most effective design for the Potter Marsh
Boardwalk. Layouts and details are described in the following sections.

1.5 Environmental Impact
There are several factors that must be taken into consideration when constructing in a marsh,
especially a wildlife sanctuary. The greatest of these are avoiding disruptions to local flora and
fauna. Fortunately, the construction season taking place during the winter does help mitigate
some of these concerns. The vast majority of animal activity in this particular marsh happens
during the warmer months. The remaining concerns from flora and fauna can be dealt with, in
this case, by routing the new boardwalk in such way that it doesn't interfere with nesting or
feeding areas.

Another consideration is moving construction equipment in and around the marsh. The vast
majority of construction equipment could not be used in a marsh due to the lack of solid ground.
Waiting for winter for the ground to freeze mostly solves this, but deep snow can still be an
obstruction. The best way around this is the creation of temporary ice roads, which, if done
correctly, have no lasting environmental effects once the roads melt away.

An additional consideration for this project, in particular, is noise pollution. Due to the nature of
construction in a marsh, all of the foundations must be pile foundations. Because of the close
proximity to the Turnagain Arm, the subterranean noise generated by driving piles could disrupt
local wildlife, such as beluga whales, who have a sensitivity to sound.

As with all projects, there are several permits that have to be applied for and gained before
construction. The needed permits depend on a variety of factors, including the area in which the
construction is happening, the presence of endangered or protected wildlife, and the source of
funding. One permit that this project will require for certain is the US Army Corp of Engineers
Fill Permit, due to the construction happening in a wetland. Additional permits that would be
required are a Floodplain Development Permit, Fish Habitat Permit, and perhaps an Eagle Take
Permit if there is an occupied nest close enough to the project area.

1.6 Hydrological Impact
Several hydrologic calculations were performed on the area of interest: floodplain level,
outgoing velocity, rainfall intensity, and peak-runoff. All calculations mentioned can be found in
Appendix B. Equations were obtained from the third edition of Water-Resources Engineering by
David A. Chin.

First explored was the floodplain level. The base flood elevation for zone AE, which the
boardwalk is located in, is 16 ft above sea level for 100-year storm according to Federal
Emergency Management Agency (FEMA). Volumes of the floodplain, boardwalk, and piles
were found from the Alternative 4 Design. This design was used in calculations as it would
increase the floodplain the most. The volume of the proposed boardwalk was added to the
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volume of Zone AE to find if the added structure increased the floodplain height. The results
show that there is negligible impact.

Second, the outflow velocity was found using the steady-state continuity equation. Inflow
maximum values (Estes, 1987) were used as the culverts should still preform at peak flow. The
result was 0.25 ft/s for velocity heading out of the marsh via the three culverts under the Seward
Highway.

Third, rainfall intensity, was found for the Anchorage area. "Many drainage districts require that
the performance of drainage systems be analyzed for a standard 24-h storm with a specified
return period, typically on the order of 25 years" (Chin, 2013, p. 422). Therefore, 25 years was
used for the annual series and 24 hours was used for the rainfall duration. This resulted in a
rainfall intensity of 0.9 inches per hour.

Lastly, peak-runoff was found using the rational method and the Natural Resources Conservation
Service Technical Report 55 (NRCS-TR55) Method. Using the rational method, runoff was
about 73 cubic feet per second. By the NRCS-TR55 method, peak runoff was 66 cubic feet per
second. Both calculations can be viewed in Appendix B. The results are consistent with the
geotechnical report which indicates a high runoff potential for the site since the hydrologic soil
group D has a low infiltration rate.

1.7 Structural Analysis

Preliminary models for the various super structural components were designed using RISA 3D
software. The main boardwalk and platform concepts were designed to merge aesthetically and
structurally with the existing 2008 boardwalk. The boardwalk sections are 8ft wide, allowing
ease of passage for visitors walking in opposite directions, with space for wheelchair
accessibility. Ramped sections of the boardwalk were designed with a maximum slope of 1:12 as
required by the 2010 ADA Standards for Accessible Design. The 25ft elevated viewing tower
was designed with wrap-around stairs and two small deck viewing opportunities at 9.25 ft and
14.5ft above the boardwalk with a larger platform at 18 ft above the boardwalk (25 ft above
ground level). For the Rabbit Creek crossing point and salmon viewing area, a 40-ft long donut-
shaped bridge was designed to span the length of the creek bed, allowing visitors to peer both
into the center gap and over the outside edges of the structure for wildlife viewing. Modules for
the structural designs are explored in Section 3 of this document.

Live loads on any likely places of assembly, including the viewing tower, platforms, and salmon
viewing bridges, were considered 100psf on flat surfaces as required in ASCE 7-16, or the
equivalent of a densely packed group of people. Live loads on both the staircases and the
boardwalk sections unlikely to be used at assembly areas were considered to be 60psf (ASCE 7-
16).

Calculations for snow, wind and seismic loads can be found in Appendix C following guidelines
given by ASCE 7-16. Snow load calculations yielded a 33.6psf load throughout all flat
superstructure surfaces. Wind loads were calculated using a 50-year gust of 155 mph
(librarystage.municode.com/ak/anchorage), and yielded horizontal loads of approximately
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115psf for the tower, and 85psf for all other structural segments. Wind loads are greatly
impacted by the railing design and size of joists and beams.

Seismic loads yielded differing values for each structural component, as the weight of the
structure is critical. Seismic loads were applied horizontally to the deck area in the RISA 3D
software. The boardwalk received a load of approximately 85plf, the donut bridge approximately
110plf, and the platform approximately 85plf. The viewing tower was loaded with a 2.9Kip
seismic load.

Key member calculations for shear, moment, deflection and buckling capacities can be found in
Appendix C. All structures use A992 steel and Douglas fir timber with composite railing
finishes. Additionally, all handrails and deck were designed to be aesthetically uniform to the
existing 2008 boardwalk which meets current building codes.

2. Alternatives

2.1 Alternative 1

2.1.1 Description and Experience
Alternative 1 provides no changes and keeps the current boardwalk. The experience offered by
the current boardwalk lacks in several areas. Its proximity to the highway and railroad leads to
loud noises that can disrupt visitors experience. The linear nature of the boardwalk and lack of
dedicated viewing platforms limits the ability of visitors to interact with the marsh. While not
unsafe, the current guard rails do not meet modern building codes. In addition to this there are
loose nails and gaps between boards that could pose a tripping hazard as the boardwalk continues
to deteriorate.

2.1.2 Environmental Impact
This alternative will have no additional environmental impacts as there is no construction.
However, there may be some impacts due to maintenance depending on the extent of the
maintenance needed.

2.1.3 Hydrological Impact
There will be no hydrology impact for this alternative as there will be no changes to the site.

2.1.4 Foundation Design
Due to the frost heaved foundations and general wear, the current boardwalk decks are
dilapidated, and the handrails are loose. As more frost heave occurs, the boardwalk will interfere
with handicap accessibility and could become unsafe for visitors due to damaged handrails or
boardwalk planks.

2.1.5 Cost
While there are no costs due to construction there are maintenance cost associated with the use of
the old boardwalk which are expected to increase as the boardwalk keeps aging.

2.1.6 Time of Construction
There is no time of construction associated with this alternative.
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2.2 Alternative 2

roject Start

2.2.1 Description and Experience (D
Alternative 2 proposes that a new boardwalk X
deck be designed and constructed utilizing the

existing foundation. The experience offered by Salmon Viewing

this alternative is very similar to that of
Alternative 1, except for safety. The new decking
and railings would all meet current building
codes and would be in much better condition.
This combined with the leveling of the deck,
caused by trimming the frost heaved piles, would

i . . . roject End
result in an improved visitor experience.

2.2.2 Environmental Impact
This alternative will have minimal environmental
impact due to reuse of the existing pile
foundations and the proximity to the highway reducing construction traffic through the marsh
itself. Though minimal, construction for Alternative 2 will impact wildlife and vegetation,
including sedge species, waterfowl, moose, fish,
and land birds, some of which frequent the marsh FIGURE 3: ALTERNATIVE 2 ALIGNMENT
during all seasons. We would expect the wildlife
and vegetation to make a fast and full recovery, especially with a winter season, non-invasive
construction plan.

2.2.3 Hydrological Impact
Since the location of piles will be reused along with the same area of the walk, no calculations or
estimations for the hydrology is needed for this alternative. This is assuming the build design of
the old walk is adequate for the hydrology of the area.

2.2.4 Foundation Design
This alternative will likely face complications when reusing the existing piles from the old
boardwalk because of frost heave and settling of the soils within the marsh. The boardwalk may
deteriorate faster with the use of the already-heaving piles.

2.2.5 Cost
Cost for this option would be the lowest of the three alternatives that involve construction. While
initial construction costs would be low the potential for additional maintenance after construction
would add to the cost thus rendering this option potentially almost as expensive as a new
boardwalk.
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Cost: $1,488,000

2.2.6 Time of Construction
This alternative has the shortest construction time, not counting Alternative 1. This is because no
new additional foundations need to be installed and no new features need to be constructed. This
alternative in particular benefits from a close proximity to the highway in terms of construction.
That is because a crane could be used to place the new deck sections directly from the highway,
limiting the necessity of moving equipment on the marsh itself which would require the creation
of temporary ice roads.

2.3 Alternative 3

Project Start (D

Salmon Viewin
Terminus
Viewing Tower

Project En
oardwalk Terminal

FIGURE 4: ALTERNATIVE 3 ALIGNMENT

2.3.1 Description and Experience
Alternative 3 proposes an entirely new boardwalk, including foundations, whose alignment is
shifted further into the marsh compared to the current design. In addition, the nonlinear design of
this alternative encourages visitor interaction both with each other and their environment. The
primary new features of this alternative design include an off shoot ending in a doughnut shaped
viewing platform at a popular salmon viewing area and a viewing tower. These modules can be
viewed in Section 3.1. The new features and distance from the highway/railroad will improve
visitor experience while the new construction will meet all current building codes.

2.3.2 Environmental Impact
The primary environmental concerns in this alternative come from two sources. The first is the
construction of temporary ice roads in Potter Marsh, and the second is the effects of driving new
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piles. Because the vast majority of the wildlife activity takes place during the summer and the
construction season for this project is in the winter, the construction should minimally interfere
with the wildlife. The impacts concerning the feeding and nesting areas would be addressed
while planning the route of the ice roads and equipment.

2.3.3 Hydrological Impact
The addition of new piles would increase the base of the floodplain, some of which would be
offset by the removal of the piles from the original foundation. However, the increase would be
considerably small, much less than the thousandth of a foot as in Alternative 4.

2.3.4 Foundation Design
The marsh’s ice must be thick enough to support construction machinery and personnel for the
foundations. The reliance on thick ice can be reduced by using drilled piles, which require less
equipment. Parts of the tower or viewing platforms may be preassembled and airlifted into the
marsh, as field welding and/or crane construction (if necessary) may not be feasible.

2.3.5 Cost
This alternative has the second highest initial construction cost. The new alignment would have
to be constructed from the ground up. In addition, the entire structure including foundation from
the old boardwalk would need to be removed. The demolition of the old boardwalk adds
considerable cost to the project as with Alternative 2. However, the proposed viewing tower and
salmon platform in this alternative increase cost as well.

Cost: $2,860,000

2.3.6 Time of Construction
Time of construction is the second highest regarding this alternative because it includes
demolition and new construction. Removal of the old boardwalk may pose challenges unforeseen
in the initial plans due to its age. Additionally, the new boardwalk, viewing tower and salmon
platform will be constructed from the ground up which takes manpower and time, while also
necessitating the creation of temporary ice roads on the marsh. The new boardwalk and
structures will be erected over the course of one winter, weather permitting. This construction
timeline will minimize visitor impact as winter is the least active period for community members
and wildlife alike. The 2008 boardwalk section will remain open to visitors and be unaffected by
construction of the new boardwalk.
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2.4 Alternative 4

<y

Viewing Bridg Viewing Platform

Viewing Tower

oardwalk Terminal

FIGURE 5: ALTERNATIVE 4 ALIGNMENT

2.4.1 Description and Experience
This alternative is similar to Alternative 3, with two major additions. First, changing the salmon
viewing platform to a doughnut shaped bridge. Second, an additional length of boardwalk
connecting the salmon viewing area the main boardwalk after the viewing tower. The latter
difference would give visitors two different experiences coming to and from the parking area.

2.4.2 Environmental Impact
The primary environmental concerns in this alternative are identical to those found in Alternative
3, with the addition of the nesting and feeding area concerns from the additional length of
boardwalk.

2.4.3 Hydrological Impact
The hydrological impact from this alternative is almost identical to that of Alternative 3, only to
a greater degree due to extra piles and the extension of the boardwalk. Though the increase to the
floodplain is still of no significant amount. The original floodplain without a new build is 16ft
while with the boardwalk in this alternative, the floodplain increases to 16.001ft.

2.4.4 Foundation Design
As with Alternative 3, the marsh’s ice must be thick enough to support construction machinery
and personnel for the foundations. This alternative would use drilled piles, which require less
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equipment. Parts of the tower or viewing platforms may be preassembled and airlifted into the
marsh, as field welding and/or crane construction (if necessary) may not be feasible.

2.4.5 Cost
The final alternative is the most expensive option as it is the most complicated design also. This
alternative and the latter share the same cost considerations. However, Alternative 4 adds 500
linear feet of boardwalk closing the loop and exchanging the salmon platform into a viewing
bridge. The additional structure being the viewing tower remain the same.

Cost: $3,536,000

2.4.6 Time of Construction
Time needed for this alternative is nearly the same as alternative 3. Demolition of the old
boardwalk and construction of the new facility is largely the same. Adding more linear feet of
boardwalk in this alternative increases the time of construction proportionally to the added
amount of new boardwalk.

Alternative 4 offers more flexibility with construction phasing due to the boardwalk loop and
other features. If a single winter is not sufficient for construction, access to and erection of the
viewing tower and salmon viewing bridge will be the first priority. The completion of the
boardwalk loop may be extended into the following winter if necessary or desired.

3. Conclusion and Recommendation

Considering the design criteria discussed in this document, Alternative 4 is the recommended
alternative. The purpose of the Potter Marsh Boardwalk Rebuild Project is to increase the
usability and popularity of the facility, which a completely new boardwalk with additional
structures, as proposed in Alternative 4, will achieve. This alternative allows visitors to
experience a boardwalk loop, viewing tower, platforms, and improved salmon viewing area to
enhance visitor experience.

Alternative 4 is, however, the most expensive alternative. Though Alternative 3 includes a
viewing tower and platforms for a slightly lower cost and construction time, the boardwalk loop
adds an experiential aspect that is well worth the cost. Alternative 4 will provide the Anchorage
community with a desirable destination for decades to come.
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3.1 Design Modules

3.1.1 Boardwalk
The boardwalk design represents a typical 10-foot section
of boardwalk decking, including associated railing and
piles, as seen above. Modular design for this boardwalk
gives the client freedom to align the boardwalk to specific
paths along the marsh as it guides visitors to critical areas
where wildlife is more prominent. The boardwalk was also
designed to have a maximum slope of 8% following the
disability act. This allows the boardwalk to change in
elevation to portray more dramatic experience as people
walk along the path. The lower height of the boardwalk is
designed as a deterrent for large animals like moose from
wandering into the highway. Handrails were designed in
accordance to the international building code in such a way
that it is aesthetically pleasing, safe, and follows the
guidelines. The boardwalk is designed to withstand the
maximum live load, snow load, wind load and seismic load. F'GURE 6. BOARDWALK MODEL

The cost of the boardwalk per square footage is $200. The cost of labor is incorporated as twice
the cost of the square footage. The material calculation and more can be found in Appendix A
Table A.2.1.

3.1.2 Viewing platform
This represents the viev%iﬁg decks that visitors would I |""| I""“ |\
find at the end of the off shoots that can be found s
along the boardwalk route, including associated
railings and piles as seen in Figure 7. The viewing
platforms will have interpretive panels and scopes. It
provides an area for visitors to stop, gaze at the
wildlife and read information about them. This
hexagon shape is chosen for aesthetic purposes. It
mimics the 2018 boardwalk and creates a unified
look.

The cost of the platforms is calculated using
the material cost and adding twice the material cost to
account for the labor which comes out to be $51,600
per platform. The material take off can be found in FIGURE 7: VIEWING PLATFORM MODEL
Appendix A Table A.2.4.
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3.1.3 Viewing bridge
The viewing bridge, otherwise called the doughnut bridge, is designed to be a cantilever bridge
with a cavity in the center. Its purpose is to increase the capacity of salmon viewers and provide
alternative paths for passerby. The opening is also
to allow for sunlight to reach the fish and e
vegetation underneath. The handrail mimics that of iy [T TR
the boardwalk and the shape is consistent with the | ™

lj
viewing platforms to provide a unified design. l m

The cost of the viewing bridge is calculated
using the material cost and adding twice the
material cost to account for the labor. The cost
comes out to be $65,000. The material take off can
be found in Appendix A Table A.2.2.

3.1.4 Viewing tower

The purpose of the tower is to provide an elevated FIGURE 8: VIEWING BRIDGE MODEL

view of the marsh for the visitors. It has a height of

25ft provides for an interesting destination that incorporates interpretive panels and scopes. The
bridge is designed to be connected directly in the boardwalk alignment and has three levels of the
view accessible by stairs.

The viewing tower cost $136,000
including the cost of the material and
cost of labor. The material take off is
found in Appendix A Table A.2.3.

FIGURE 9: TOWER MODEL
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3.2 Phasing

Project Start

Viewing Platform |

\

Viewing Bridge |

J Viewing Tower |

Project End

| Boardwalk Terminal ’

FIGURE 10: SELECTED DESIGN ALTERNATIVE AND PHASING

3.2.1 Phase 1
Phase 1 incorporates the following modules: viewing decks, viewing bridge and viewing tower.
The alignment meanders through the marsh, taking advantage of different locations like the
salmon viewing area and Canada goose flats. However, the route in this phase will not provide
the option to continue past the salmon viewing terminus toward the boardwalk terminal.

The foundations required for this design are screw piles, identical to the additional alternatives.
The project total includes all the cost associated with all the features and phases calculates to $4
million. For more details, see Appendix A.

3.2.2 Phase 2
Shown in Figure 10 in blue is the alignment for the final phase to complete the selected
alternative. It incorporates the loop and the following modules: viewing decks, viewing bridge
and viewing tower.

This design option exhibits all of the features requested by the client which ultimately increases
the experience that the boardwalk can provide for its visitors. In order to provide a great
experience, different types of visitors were considered. Toward the beginning of the walk, a
viewing platform is included for those who would like to experience the walk but do not have the
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time to complete it. Large viewing decks are to accommodate for large groups and the loop gives
the visitors an all-encompassing path.

Taking the west boardwalk will cut through the Canada goose area which comprise of 40-60
nesting pairs. This path then leads to the salmon viewing bridge which has the capacity to hold a
classroom of students for educational purposes. Continuing this route will lead to a choice
between the boardwalk terminal or looping around to get to the viewing tower.

The foundation incorporated in this alternative is a screw pile design which is best suited for the
conditions of the project location. The design calls for the boardwalk to be raised off the ground
at least 8” and up as needed. The advantage to using a screw pile design is the ease of
installation. The equipment required to install screw piles are a fraction of the size compared to
traditional pile driving equipment. Challenges regarding the foundation include the problem with
heaving due to frost action in the area. To mitigate the probability of frost heaving the piles will
be driven deep below the frost line. The expense saved using screw piles allows for deep
installation below the frost line.

The cost for this phase is $3.13 million which leads the project total cost to be $7.13. For more
details, see Appendix A.
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Appendix

Appendix A. Cost Calculation

A.1 Cost of Alternatives

Project No.: 2020.04
Project Name: Potter Marsh Boardwalk Rebuild
Location: Anchorage, AK
B L Alternative 1 Alternative 2 Alternative 3 Alternative 4
Item No. ltem Unit Unit Price -
Quantity Amount Quantity Amount Quantity Amount Quantity Amount
Remaoval of Structures and Obstructions LS. $  10,000.00 - 10,000.00 5 10,000.00 » 10,000.00
Erasion, Sediment, and Polution Control Admin LS. S 10,000.00 $ 10,000.00 5 10,000.00 2 10,000.00
Temporary Erosion, Sediment, and Polution Control LS. S 15,000.00 S 15,000.00 s 15,000.00 s 15,000.00
Construction Surveying LS. $ 15,001.00 S 20,000.00 5 35,000.00 5 50,000.00
Design/Permitting LS. $  49,699.60 5 103,130.00 s 198,226.04 s 245,072.00
Construction Administration LS. $ 15,003.00 s 10,313.00 5 19,822 60 5 24,507.20
Traffic Maintenance CS. $  1,500.00 s 1,500.00 s 1,500.00 H 1,500.00
Maobilization and Demobilization LS. $ 51,000.00 s 74,800.00 s 144,130.40 s 177,720.00
Drive Structural Steel Pile Ea. s 370.00 5 - 199 s 73,630.00 250 s 92,500.00
Furnish Structural Steel Helical Pile L.F. S 50.00 S 3980 s 199,000.00 5000 s 250,000.00
Viewing Tower LS S 244,000.00 s s 244,000.00 s 244,000.00
Creek Viewing Platform LS. S 100,000.00 H s 100,000.00
Viewing Deck LS. $ 50,000.00 5 - 3 50,000.00
Boardwalk S.F. S 75.00 12000 S 900,000.00 16000 s 1,200,000.00 20000 5 1,500,000.00
Contingency 30% S 343,422.90 s 660,092.71 S 816,089.76
Total 50.00 $ 148816590 ) 2,860,401.76 5 3,536,388.96
Figure A.1: Cost of Alternatives 1, 2, 3 and 4
Boardwalk
Description Unit Unit Price Quatity Amount
HSS 6.625%0.375 EA $  250.00 8 $  2,000.00
W10x45 EA S 556.80 2 s 1,100.00
2x10 EA S 19.34 26 S 500.00
2x2 EA S 3.89 36 S 100.00
2x4 EA S 8.98 96 S 500.00
2x6 EA S 13.67 20 S 300.00
4x4 EA S 18.77 31 S 600.00
Total Raw Materials LF $ 5,473.83 S 5,500.00
Construction Cost LS 2.00 S 10,900.00
Total $  16,400.00
Area SF 80 S 200.00

Figure A.2.1: Cost of Boardwalk

Alternative Analysis: Potter Marsh Boardwalk Project
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Bridge
Description Unit Unit Price Quatity Amount
HSS 6.625x0.375 EA $250.00 10 $2,500
W10x17 EA $500.00 24 $12,000
W12x19 EA $235.10 8 $1,900
2x10 EA $19.34 28 $500
2x2 EA $3.89 252 $1,000
2x4 EA $8.98 108 51,000
2x6 EA $13.67 123 $1,700
dxd EA $18.77 38 $700
Raw Materials EA S 32,080.31 1 $32,100
Construction Cost LS 2.00 1 $64,200
Total $96,300

Fig A.2.2: Cost of Bridge

Tower
Description Unit Unit Price Quatity Amount
HSS56.625x0.375 EA S 250.00 15 S 3,800.00
HSS8x4x8 EA S 214.20 12 S 2,600.00
L7x4x10 EA S 200.00 9 S 1,800.00
W10x17 EA S 500.00 34 S 17,000.00
W8x13 EA S 175.50 25 S 4,400.00
2x2 EA S 3.89 266 S 1,000.00
2x4 EA S 8.98 760 S 6,800.00
2x6 EA S 13.67 82 S 1,100.00
Ax4 EA S 18.77 192 S 3,600.00
1in EA 5 18.90 55 S 1,000.00
Raw Materials EA S 43,460.50 1 S 43,500.00
Construction Cost LS 2.00 1 S 86,900.00
Total S 130,400.00
Figure A.2.3: Cost of Tower

Platform

Description Unit Unit Price Quatity Amount
HS556.6255x0.375 EA S 250.00 48 S 12,000.00
W6x12 EA S 148.50 7 S 1,039.50
24F-1.8E DF 2x4 EA S 10.00 22 S 220.00
2x10 EA S 19.34 31 $ 59954
DF 2X2 EA S 4.00 93 $ 372.00
DF 2X4 EA S 8.98 35 $ 31430
DF 2X5 EA S 15.00 130 $ 1,950.00
DF 2X6 EA S 15.00 25 S 375.00
DF 4X4 EA 5 20.00 16 S 320.00
Raw Materials SF § 17,190.34 1 S 17,190.34
Construction Cost LS 2.00 1 S 34,380.68
Total $51,600.00

Figure A.2.4 Cost of Platform
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A.3 Cost of Options

Project Name:

Potter Marsh Boardwalk Rebuild

Location: Anchorage, AK
. o Phase 1 Phase 2
Item No. Item Unit Unit Price - -
Quantity Amount Quantity Amount
Removal of Structures and Obstructions LS. S 10,000.00 1 S 10,000.00 1 S 5,000.00
Erosion, Sediment, and Polution Control Admin LS. S 10,000.00 1 S 10,000.00 1 S 10,000.00
Temporary Erosion, Sediment, and Polution Contrd LS. S 10,000.00 1 S 10,000.00 1 S 10,000.00
Construction Surveying L.S. S 3,000.00 1 S 3,000.00 1 S 3,000.00
Traffic Maintenance C.S. S 1,500.00 1 S 1,500.00 1 S 1,500.00
Mobilization and Demobilization L.S. S 40,000.00 1 S 40,000.00 1 S 30,000.00
Drive Structural Steel Pile - 3.5" Ea. S 765.00 324 S 247,860.00 220 S 168,300.00
Structural Steel Pile Installation LF S 75.00 6480 S 486,000.00 4400 S 330,000.00
Viewing Tower LS. S 136,000.00 S - 1 S 136,000.00
Creek Viewing Bridge L.S. S 65,000.00 1 s 65,000.00 S -
Platform L.S. S 24,000.00 2 S 48,000.00 S -
Boardwalk S.F. S 205.27 11000 S 2,257,954.88 8810 S 1,808,416.59
Total Basic Bid $ 3,179,314.88 $ 2,502,216.59
Contingency (10% of Basic Bid) 10.00% S 317,931.49 S  250,221.66
Design Service (5% of Basic Bid) 5.00% S 158,965.74 S 125,110.83
Construction Administration (10% of Basic Bid) 10.00% S 317,931.49 S 250,221.66
Interp and education (4 panels, $7.5k/Panel) per Panel S 7,500.00 35 22,500.00 S -
|Project Total $ 3,996,643.59 $ 3,127,770.73
area footing
Phase 1 11000 324
Phase 2 8810 220
Figure A.3: Cost of Phase 1 and 2
Alternative Analysis: Potter Marsh Boardwalk Project Page | C




Appendix B.  Hydrologic Analysis

JOINS PANEL 1156

ZONE A

Turagain Arm

Marsh from FEMA

Alternative Analysis: Potter Marsh Boardwalk Project

JOINS PANEL 1160

LEGEND

[ SPECIAL FLOOD HAZARD AREAS ) SUBIECT TO
INUNDATION BY THE l%mﬂﬁﬁwﬂﬂﬂﬂ

The 1% annual chance fload (100-year flood), ako known s the base fiood, s the flood
that has a 1% chance of beng equaled or exceeded in any given year, The Spacial
Tood Razard Area s the ares mibjedt o Nooding by the. 1% aorual chance fce, Areas
umlmmﬂ<mm;\.mmm,mmﬂmw_mm
Fiood Elevation s the water-surface slevation of the 1% annual chance flood,

20ME A No Base Flood Blevations deterrvined.

ZONEAE  fase Fiood Slevations determined,

ZOME AH Flood m\n: ur 1to 3 feet (ususlly oress of ponding); Base Flood
Elevations determi

ZONE A0 ﬂmdmxmnmsugmmm«wm temain);
aversge depths deterined, for areas of akwial fan fooding, velociies
alzo determined.

ZONEAM  Specsl Fiood taad Ares formedy protcted fom  the % ennul
chance flood a food ocontrol that was subsequenty

being restored T provide protaction from  the 1% anoual chance or

ZOWEAS)  arez to be prowcted from 1% aniusl chance food by a  Federsl
fiood protection system under consructon; no Base Flood  Bevations

20MEV Coastal flood zone with velocty hamrd (wave action); no Base Flood
Elevations determined.

ZONEVE  Cosstal flood zone with welocty hazard (weve action); Base  Ficod
Elevations determined

FLOODWAY AREAS IN ZONE AE
m:wmwu:mmmuvmﬂmw:lmmm
@n

The
kept free of encroachment so that the 1% amwal chance flood
substantial incresses. 1 fiood  heights.

= OTHER FLOOD AREAS
ZONE X Areas of 0.7% annual chance flood; areas of 1% annual chance fleod

with average deplhs. of less than 1 foot or with drainage aress less than
1 square mie; and wress proteted by levees from 1% annual  chance
flowd.

[0 omeraress

ZOME X Areas determined 10 be outside the 0.2% snnual chance foodplain.
ZONED Rreas in which flood hazards are undelermined, but possible.
[SX]  COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS

OTHERWISE PROTECTED AREAS (OPAs)
CBRS arcas and OPAS are normally lociad within or adjacent t Spacial Finod Hazard Areas.

— —— —— Ficoway bouncey

sesssssnssssenens  (HAS and OPA boundary

T boundary dividing Specal Flood Hamrd Aress of diffarent

Base Ficod Elevations, flood depths. or flood velodities.
e 513 sesnre Barsa Flood Elevation line and valun; eivation n feot®

(EL 867) Bue Food Eivaton vaive where uniform wibin one;
clevation in fst®

* Referenced to the Mean Sea Level (MSL) Tidal Datum

Figure B.1: Flood Map for Potter
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Figure B.2: Zone AE Perimeter and Area from FEMA
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Floodplain Level

Variables:

P is wetted perimeter of zone AE
A_AE is area of zone AE

R is hydraulic radius

d is diameter of the piles
h is height of the piles

n is number of piles

H is height of floodplain

Figure B.1

Figure B.2

H:=16 _ﬁ
P:=20855 ft A:=17030804 ft*
d:=3.5 in h=8 fi =542

R="" —s16.620 ft
P
V foodptain'=A - H=(2.725:10*) ft*
Vot = 22348.7933 ft2 .1 ft=(2.235-10%) ft*

2
Vp,-,ﬂ,::qr.{g} -h-n=88.301 m-ft’

Viotat'=V jtoodpiain+ Vwatk + Vipites = (2.725 - 10°) ft*

Viowar
—22 —16.001 ft
y T

Figure B.3: Floodplain Level Calculations

Flow (cfs)

Little Little Litrle
Susitna Willow Rabbit Rabbit Survival Terror
Month River Creek Creek Creek Creek River
Jan 29.4 80.6 10.7 2.6 0.7 60.0
Feb 23.3 67.2 7.8 2.0 0.7 60.0
Mar 19.2 57.7 7.1 1.8 0.7 60.0
Apr 22.0 67.1 9.7 2.6 0.7 100.0
May 207.6 338.8 16.2 5.4 1.2 150.0
Jun 212.0 338.8 19.8 5.4 1.2 150.0
Jul 240.4 700.0 19.8 5.4 1.2 150.0
Aug 212.0 550.0 19.8 5.4 1.2 150.0
Sep 212.0 338.8 19.8 5.4 1.2 150.0
Oct 130.3 263.5 19.8 5.4 1.2 150.0
Nov 1-15 60.4 141.5 18.3 5.3 1.2 100.0
Nov 16-30 60.4 141.5 18.3 5.3 1.2 60.0
Dec 38.0 97.7 13.3 3.2 1.2 60.0

Figure B.4: Instream Flow from Alaska Department of Fish and Game

Alternative Analysis: Potter Marsh Boardwalk Project
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Figure B.5: Measurement of the Culverts

Steady-State Continuity Equation:

Wariables:
A1 is area of rivers Q = A.V

V_1 velocity of the rivers
A_2 is the area of the culverts

V_2 is velocity of the culverts

3+ 3 3
Figure B.4 Qrpo=5.4 I Qrso=1.2 It Q=108 It
5 5 8
st
Q1 =Quro+Qpo+ Qrsc=26.4 s
Figure B.5 d==w=ﬁ.ﬁﬂ? It
2
A2==:I-[rr-[i] ]: 105.349 fit* Vf:i:u.zsl It
2 Ay 5

Figure B.6: Outflow Velocity Calculations using Steady-State Continuity Equation
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Rainfall Intensity:

Variables: T, Annual series R 0 10-year 1-hour rainfall
T, Partial-duration series Ray 1 10-year 24-hour rainfall
t Rainfall Duration By o 100-year 1-hour rainfall
R'I “]=:0.‘15

Values retrieved from Consortium Library, Department of Commerce,
Ry =25 Technical Paper No. 47 Probable Maximum Precipitaion and Rainfall-
Freguency Data for Alaska

R] 100 = 0.61
T,:=25 years t:=24hours
—1
Eqg. 9.2 T = =24.497 vyears
" m(1-T,7)
R
Eg. 9.5 p=—" _ 1 356
110
. Ry _ .
Figure B.7 =0.18 =18% a,:==7.5 b =—025 =045
24 10
T
Eg. 9.4 as=a,-R) - [(z—1) log 0 +1|=3.842
Eq. 9.3 i = L{ i=:L2w=0.924 in./h
(t+b) (t—0.25)

Figure B.8: Rainfall Intensity Calculations
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TABLE 10.7: Typical Runoff Coefficients for Return Periods of 2-10 years

Runoff

Description of area coefficient
Business:

Downtown arcas 0.70-0.95

Meighborhood areas 0.50-0.70
Residential:

single-family areas 0,30-0.50

Multiunits, detached 0.40-0.75

Multiunits, attached 060075

Residential, suburban 0.25-0.40

Apartment dwelling arcas 0.50-0.70
Industrial:

Light areas 0.50-0.80

Heavy areas 0.60-0.90
Parks, cemeterics 0.10-0.25
Plavgrounds (0.20-0.35
Railroad yard areas 0.20-0.35
Unimproved areas 0.10-0.30
Pavement:

Asphalt or concrete 0.70-0.95

Brick 0.70-4.85

Semipermeable blocks 0.60-0.70
Roofs 0.75-0.95
Lawns, sandy soil:

Flat, 2% 0.05-0.10

Average, 2%-T% 0.10-0.15

Steep, =T7% 0.15-0.20
Lawns, heavy soil:

Flat, 2% 0.13-017

Average, 2%—T% 0.18-0.22

Steep, =7% 0.25-0.35

Sources: ASCE (2006a); Hvitved-Jacobsen (2010).

Figure B.9: Typical Runoff Coefficients
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[ Natural Resources Web Soil Survey 2/10/2020
Conservation Service National Cooperative Soil Survey Page 10of4
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Figure B.10: Hydrologic Soil Group for Potter Marsh from the Natural Resource Conservation Service, USDA
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TABLE 9.14: Curve Numbers for Various Urban Land Uses

Curve numbers for
hydrologic soil group

Cover type and hydrologic condition A B C D
Lawns, open spaces, parks, golf courses:
Good condition: grass cover on 75% or more of the area 3% 61 74 80
Fair condition: grass cover on 50%—75% of the area 49 69 79 B4
Poor condition: grass cover on 50% or less of the area 68 79 86 8O
Paved parking lots, roofs, driveways, etc. 98 98 98 08

Streets and roads:

Paved with curbs and storm sewers 98 98 98 98
Gravel 76 8BS 89 91
Dirt 72 B2 8T &89
Paved with open ditches 83 B9 92 93
Commercial and business areas (85% impervious*) 89 92 94 05
Industrial districts (72% impervious®) 81 88 01 03
Row houses, town houses, and residential with
lot sizes = (105 ha (1/8 ac) (65% impervious®) 77 85 90 92
Residential average lot size:
0.10 ha (1/4 ac) (38% impervious®*) 61 75 83 87
0.14 ha (1/3 ac) (30% impervious®) 57 72 81 86
0.20 ha (1/2 ac) (25% impervious*) 54 70 80 85
0.40 ha (1 ac) (20% impervious*) 51 68 79 84
(.80 ha (2 ac) (12% impervious*) 46 65 77 82
Developing urban areas (no vegetation established)
Newly graded area 77 86 91 94
Western desert urban areas:
Natural desert landscaping (pervious area only) 63 77 85 88
Artificial desert landscaping 9 96 96 96
Cultivated agricultural land
Fallow
Straight row or bare soil 77 86 91 94
Conservation tillage (Poor) 76 8BS 90 93
Conservation tillage (Good) 74 E3  BR 00

Note: *The impervious area is assumed to be directly connected to the drainage system, with the impervi-
ous area having a CN of 98, and the pervious area taken as equivalent to open space in good hydrologic
condition.

Figure B.11: Curve Number

TABLE 10.8: Pond and Swamp Adjustment Factor, F

Percentage of pond

and swamp areas Fp
0 1.00
0.2 0.97
1.0 0.87
3.0 0.75
5.0% 0.72

Note: *If the percentage of pond and
swamp arcas exceeds 5%. then con-
sideration should be given to routing
the runoff through these areas.

Figure B.12: Table for Pond and Swamp Adjustment Factor
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Figure B2 Approximate geographic boundaries for NRCS (SCS) rainfall dsstributions
I
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Raiafell
Distribution

Bl Type

B mype1a
Cd mypen
= 1ype 1

Figure B.13: Rainfall Type Distribution for the United States
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TABLE 10.9: Parameters Used to Estimate Unit Peak Discharge, gy

Rainfall type I/P €, € ¢y
I 010 230550 —051429  —0.11750
020 223537 —050387  —0.08929
025 218219  —048488  —0.06589
030 210624 045695 002835
035 200303 —040760  D.O1983
040 187733 —032274 005754
045 176312 —015644 000453
050 167880  —006930 00
LA 010 203250 —031583 013748
020 191978 —028215 —0.07020
025 183842 025543 —0.02597
030 172657 —0.19826 002633
0.50 163417 —009100 00
I 010 255323 —0.61512  —0.16403
030 246532 062257 -0.11657
035 241806 —0.61594 —0.08820
040 236400 —0.59857 —0.05621
045 220238 —057005 —0.02281
0.50 220282 —051599 —0.01259
I 0.0 247317 —0.51848 —0.17083
030 239R28 051202 —0,13245
035 235477 —049735  —0.11985
040 230726 —0.46541 —0.11094
045 224876 —0.41314 —0.11508
050 217772 —036803 —0.09525

Figure B.14: Parameters Used in Estimating Peak Discharge
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Figure B.15: Length of the Flow
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Peak-Runoff Models:

The Rational Method
Variables: (&

A

Runoff Coefficient (dimensionless)
Area of the catchment (L~2) A=1582213.465 m?
. . ; . in
Rainfall intensity (LT~-1) 1:=0.924 ™
r

Q, Peak-runoff rate (L~3T"-1)

Figure B.9

Eg. 10.35
NRCS-TRSS5 Method

Variables:

Figure B.10

Figure B.11

Eg. 9.81

Eq. 9.80

Figure B.12

Eq. 10.47

C:=0.2 Unimproved area

. £
Qp ng=Cri- A="72.854 i
5

CN Curve Mumber

Hydrologic Soil Group D
CN:=80

Open Sapce, Good Condition: grass cover on more
than 75% of area

! e = IDJ =63.452

.

5= .
0.0394 L CN

Note: equation is rearranged
and S is in mm

i=0.024 2 t=24 hr
hr

Pi=i-t=56.327 cm

P=563.27T mm > 5.0.2 mm=12.69 mm

-
Q::%im?:rlg:i.ﬁﬂﬁ mm
0TI

I7,=0.72 Percentage of pond area excead 5%

I,:==0.2 mm.5=12.69 mm

Alternative Analysis: Potter Marsh Boardwalk Project
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Figure B.13

Figure B.14

Eg. 10.36

Figure B.15

Kirpich Equation

Eg. 10.46

Eg. 10.45

Type I Rainfall

I

2 _0.023 If Ia/P = 0.1, values of C0, C1, and C2

p corresponding to Ia/P = 0.1

Cp=2.30550 C,=—0.51429 Cy=—0.11750
1:=0.924 C=0.2

ip=C-i=0.185

L:=267T0 ft
Can't use the Kerby eguation because L = 363 m
Can't use the I[zzard equation because i_e* L = 3.9 m~2/h

Slope of marsh is very small thus using
Sp:=0.0025 0.25% slope

0.77
Q::{LI]H}-W=82.978 t_chastobeinhrs
0

Gui= ICI'{-C“ C, - log (&) + C;- {log (1,.‘])2 —'.mr.s) —0.023
L= =0.0:3

%)
gu=0.033 %/

a2

cm-km*

3 3
t
Gp=Gy-A-Q-Fp=1.856 mT g,=65.512 fT

Figure B.16: Peak Runoff Calculations

Appendix C. Structural Analysis
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Seismic Loads- Tower

Assume site class D, risk category 11

I,:=1.0 (Table 1.5-2)

S =1.5 (Figure 22-3)

§,:=0.682 https://hazards.atcouncil.org/
F,:=1.0 (Table 11.4-1)

Fp=1.7 (Table 11.4-2)

Sys=1,-5,=1.5
S&f|=:FU'S|:l.159

2
S;)Slz?'SMs:.l 11.4-3

2 :
Spi= o "Sin =073 114-4

b

R:=4.5 Table 15.4-1 steel intermediate moment frame

Period Approximation
T,=16 s 22-15 figure

C=0.02 12.8-2 table {all other systems)
r:=0.7T5

h,:=25 fi
T,;ﬁ: Gi.' [h"l
It

T,=0.127 s (Actual period RISA)
Tu‘f: TL: 1

T
] -sec=0.224 s 12.8-7 (approximation)

Alternative Analysis: Potter Marsh Boardwalk Project
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Find response coeff

s
Cy=— 5 —0.222

B

SIJ]
= —1.352
e
FaA
0.8 S
_(085) =0.121

C,=C,;=0.222

Seismic Weight

grate:=6.21 plf

12.8-2

12.8-3

15.4-2

Flates (grating)

W rate =78 fi-grate=0.484 kip

W.ll!ﬂ'.’l:: 12.8 kip
Wonoa=2.9 kip

W iower =W ateer + Wingoa + Wy = 16.184 kip

Viower = Cis* Wigmer = 3.597 Kip

Alternative Analysis: Potter Marsh Boardwalk Project
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Seismic Loads- boardwalk
Assume site class D, risk category I

I.:=1.0 (Table 1.5-2)
S,:=1.5 (Figure 22-3)
S5,=0.75 (Figure 22-4)
F,=1.0 (Table 11.4-1)
F=17 (Table 11.4-2)

Spys=Fy=5,=1.5
Sy =1,-5,=1.275

SJx,ﬂ:% 'Sm(‘c,':l 11.4'3
2
Sm =:¥-SM,:(].85 11.4-4
R:=2 Table 15.4-2 amusement structures and
momuments
Period Approximation
T.:=16 s 22-15 figure
C,.:=0.2 12.8-2 table (all other systems)
r:=0.TH
hy=12 fL

h x
T,,::cﬂ.[f—:] csec=1.280 s

Find response coeff

5
Cy=— = (.5 12.8-2
R
[IE)
5
= — o —0.33 12.8-3
T, (R
s \I,
in = (08 5,) =0.3
R
[IP]
C,=Cy=0.33
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Line load boardwalk
Wﬂbw:l = 1.6 kip Wm =0.9 kip Lhﬂurdwn:.k =10 ft
Wi =W oot + Winooa=2.5 kip

meg = Ca C Wb =0.824 hp
merdtm&

=82.397 pif
Lbnn'rﬂmu.lk

Line Load donut bridge
Woeer:==T7.1 kip Wopooa =0 kip Lygoran =40 fi
W= W oo+ Wooea = 13.1 kip

Voot =C* W, =1.318 kip

17
L_"‘“":w?.gd plf

‘domul

Line Load platform

W, =24 kip W oo = 2.6 kip mefm-m =240 in
Wo=Weer+ Wioea =5 kip

V ptatform=Cs+*Wp=1.648 kip

V
_ platform _ g9 397 plf

Lpiatform

Drift

Allowable Story Drift

h.:==292 in height of Risa model tower

A,=0.025 h_,=7.3 in Table 12.12-1 Risk Category 1I

Flat Roof Snow Load |

C,.:=0.8 (Table 7.3-1 ASCE 7, Assuming roughness D)
C;=1.2 (Table 7.3-2 ASCE 7)

I:=1.0 (Table 1.5-2: risk category II for snow
Pyi=50 psf because not as many ppl in winter )

100 psf=0.1 ksf
Pp=0.7-C.+C;-I,-p,=33.6 psf
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Live Load

Platform and tower top level: 100psf (P14 ASCE 7)

Walkways and elevated platforms: 60psf IDK what boardwalk would be

Terraces- pedestrian: 100psf considered- hamel said pedestrian
bridge

*Negate holes in decking for
applying live load, because live
load is already conservative as is

Wind Load- tower (Zone III https://
librarystage.municode.com/
V=155 mph ak/anchorage)

(or basic wind speed
-26.5-1B Risk Category II)

(Use exposure D section

26.7.3)

K,:=1.08 (Table 26.10-1 assume median 20ft above ground)
K,:=1.0 (unsure how to consider hills/escarpments in area-
section 26.8)

K,;:=0.85 (Wind directionality factor Table 26.6-1)
K,=1.0 (26.9)

q,:=0.00256 psf K,-K,,-K - K,-V? =56.461 psf

G:=0.85 (26.11.1)
Solving for Cf
A, :=9284 in’ Ay =6500 in’
Apracei=5901 in” Aframe=4104 in’

A (1344 in” + 2084 in’ ) = (3.428.10%) in’

stairs *—

Atia= At + Aprace + Astaivs+ Acot + A frame = (2.922+10") in® (Total solid area for Tower
face in YZ direction)

A =80726 in®

gross”

A
e:=— _ 362
Agross

C=4.0 £ —5.9 £+4.0=2.389 (Figure 29.4-3)
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Ap=A = (2.922-10") in’®

F:=q,-G-Cy+A;=23.258 kip (equation 29.4-1)
qm=:§20.115 ksf (area load for tower)
f
bmi =6.5 in bfmmﬁ =6 in bmﬁz =1.51in
Dprace =T i botairs =T iT Draiza=3.5 in
bmﬂﬁ :4.5 in

Whrace = Jiower * Pprace = 66.869 plf
Wt = Qeouper * Pooy = 62.092 plf

W prame = Trower * bfram,ez 57.316 plf
Wetgirs = Qrower  0-3=234.39 psf
Waita = Grower * Orairn = 14.329 plf
W, 0i14*= Qeoner * Oraizg = 33434 plf

Wraits *= Geower * Oraits =42.987 plf

Wind Load - boardwalk

{ (Zone II1 https://
librarystage.municode.com/

V:=155 mph ak/anchorage
(Use exposure D section 5
26.7.3) g
K,:=1.03 (Table 26.10-1 assume median 0-15ft above ground)
K,=1.0 (unsure how to consider hills/escarpments in area-:
section 26.8) ;
K;:=0.85 (Wind directionality factor Table 26.6-1)
K,:=1.0 (26.9)

q,:=0.00256 psf KK, +K;-K,-V* =53.847 psf

G:=0.85 (26.11.1)

&= 5123 =0.287 (ratio of solid area to gross
17880 area of one solid face)

Cy=18 (Figure 29.2-4 for flat sided

members assuming E
between 0.1 and 0.29)
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Fi=q,-G-C;-A;=16.716 kip

Qooard = Aﬂ =0.082 ksf

i)

boy =6 in b;

Weo *= poara bey=41.193 plf
Wigist 7= Qhoara * Djoist = 82.386 pIf
Wygit2 *= Qhoard * Vraite = 10.298 plf

Wraita = Qhoard * Drairy = 24.029 plf
Wit *= Qhoard * Praits = 30.895 pl_f

Member Calculation

(equation 29.4-1)

(area load for boardwalk)

braﬂ2=: 1.5 iﬂ

brm.'M =3.5 iﬂ
— B g

by =45 in

Alternative Analysis: Potter Marsh Boardwalk Project
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NDS 2018 NDS - supp
Ct:=1.0 b:=1.5 ‘l-ﬂ
Cyi=1.0 d:=9.25 in
C;=1.0
Cp=1.1 S, .:=21.39 in®
Cp,=1.0 A:=13.88 in’
C;:=0.8 I,,:=98.93 in"
C; p=0.95
C, =115
A=0.8
¢y, :=0.85 Ky p=2.54
¢,:=0.8 Ky ,:=2.70

Alternative Analysis: Potter Marsh Boardwalk Project

Assumption:

moisture content 19%
Incieced

L:=12 ft

Size Category: Dimension Lumber
DF-L No.2
Reference Design Values:

F,:=900 psi
F,:=180 pst
E:=1600000 psi
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Adjusted LRFD values:
F(Im::Fb'CM°Ct'CL°CF'Cfu 'Ca"Cr'Kﬁ_b'% A

F’m =240.801 ksf
Fom=F, 'CM'CI'Ci'KF_b'¢b' A

F',, =0.264 ksi
Adjusted moment and shear resistances:
M, =F',-S,,=2.981 kip-ft

2 ]
V= 5 F' . -A=2.446 kip

Factored LRFD moment and shear from risa model
LL:=75 plf

SL:=18.9 plf

DL:=2.4 plf

w,:=1.2-DL+1.6-LL+0.5-SL
2

wy - L ]
M, = 3 =2.382 kip- ft

uw

w, L )
V=5 —=0.794 kip

5.(LL+DL)-L"*

A= =0.228 in
Total 384.E.1,,
r’I - 1
L U0 L v
384.E-1,,
CHECK!
Ao =0.228 in < Ag=—L —0.4in
Total — “* 5 360_ .
I GOODIM
A =0.221 in < Apei=—=0.6 in
Live ‘DS 240
M,=2.382 kip-ft < M, =2.981 kip-ft
V,=0.794 kip < V' =2.446 kip GOOD!!

Alternative Analysis: Potter Marsh Boardwalk Project
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NDS 2018
C:=1.0

NDS - supp
b:=1.5 1

CM:: 1.0 d:=9.25 in

CL::I.O

Cp=1.1 S,,:=21.39 in®
Cp=10 A:=13.88 in”
C,;:=0.8 I,,:=98.93 in'

C,; ;=0.95

C,:=1.15

A:=0.8

b,:=0.85  Kp,=2.54
$,:=0.8 K ,:=2.70

Assumption:
moisture content 19%
Incieced

L:=10 ft

Size Category: Dimension Lumber
DF-L No.2
Reference Design Values:

F,:=900 psi
F, =180 psi
E:=1600000 psi

Adjusted LRFD values:

F!Im::Fb'CM°Ct'CL'CF'Cfu'Ci'Cr'KF_b'q&b'A

F',, =240.801 ksf

F!m::Fu'CM'CE'Ci'KF_b'qbb'A

F',,=0.264 ksi

Adjusted moment and shear resistances:

M',=F', .S, =2.981 kip- ft

V= 3 F,,-A=2.446 kip

mn

Alternative Analysis: Potter Marsh Boardwalk Project
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Factored LRFD moment and shear from risa model
LL:=100 plf
SL:=25.2 plf
DL:=2.4 plf

wy,:=1.2+DL+1.6.LL+0.5.-SL

w, - L* ]
M, = 3 =2.194 kip-fi

u

wy,-L .
V, = 5 =0.877 kip

u

5.(LL+DL)-L"

Appgar = =0.146 in
Total 384.E-T,,
4
Apive= 5-(LL)-L7 _ 0.142 in
384.E-T,,
CHECK!
App=0.146 in < Ag=—L —0.333 in
Total — “+ 5= 380_ .
: L .
Arie=0.142 n < ADS::EZO.J m

M,=2.104 kip-ft < M’',=2.981 kip-ft

n—

V,=0.877 kip < V', =2.446 kip

Alternative Analysis: Potter Marsh Boardwalk Project

GOOD!!!

GooD!!!
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F, =50 ksi
E:=29000 kst
¢$:=0.9

L:=12 ft

c:=1.0

AISC 15th, W14X22

Z,=33.21m" S,=291in° I,:=199 in" r,:=1.04 in t,:=0.23 in

r,:=127in  h,=13.41in J:=0.208 in" d:=13.7 in b_2t,:=17.46
h_t,=53.3 h,:=11.625 in
LL:=600 plf

SL:=151.2 plf
DI :=22 plf+2.4 plf

w,:=1.2.DL+1.6-LL+0.5-SL
2

w, - L : 5-(LL+DL)-L" 3
M, = =19.168 kip- ft A= =0.05
8 7 total 384-E-1, v
v w,+ L
w= K. .74
2 A =B L)LY 6040 in
384.E.I,
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Flanges (Case 10)

T
Ap=b_2t,=7.46 < App=0.38- \/F— =9.152
u
Web (Case 15)
E
A:=h_t =53.3 < )b.p:: 3.76-\/—:90.553
/0

Check Yield and LTB (Table F1.1)

Yielding
M,:=F,-Z,=138.333 kip- ft
Lateral-Torsional Buckling

L,=L=12 ft

E
L,:=1.76-7, 4|—
P y \/F'

¥

2 2
- c 0.7 F.
L,:=1.95.r,- 2 c 1 4 e +6.76. Q
0.7-F, S,+h, S.-h, E

L,=44.082in < L,=14din > L,=125.127 in

Cb =1.14

_Cym’-E

—F - 1+
Ly\? \/
Tis

M, :=F,,-S,=76.033 kip-ft

. L\
0.078- [ ). [22) |1=31.462 ksi
S, 'h‘o Tis

T

M, :=min (M, ,M,)=176.033 kip- ft

M, =M, - p—68.43 kip- ft > M,=19.168 kip- ft

Alternative Analysis: Potter Marsh Boardwalk Project

Compact

Compact

AISC 15th, F2-1

AISC 15th, F2-5

AISC 15th, F2-6

AISC 15th, use F2-3

AISC 15th, tabe 3-1

AISC 15th, F2-3
LTB Governs

moment is good

Page | DD



Check Shear

Webs

E
h_t,=53.3 < 2.24. —53.946
F,

(‘f)v:: 1.0 Cv] :=1.0

AISC 15th, Use G2.2

A, =d-t,=3.151 in’

V,:=0.6-F,-A,-C, =94.53 kip AISC 15th, G2.1

oV, =V, -p=85.07T kip > V,=6.389 kip Shear is good

Check Deflection With LL Limit Equal to L/360 and TL Limit Equal to L/240
Using AISC Beam Tables For Deflection (Case 7 & 9)

L
A, —0.05 in < ——=0.6 in
total 240
L Deflection is good
ALI:'UE — 0.049 in < %: 0.4 in
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Column Buckling Calcs

E:=29000 ksi

F, =146 ksi

@ :=0.9

Lh.,P::!]ﬂ in
me,::m in

L, ;4= 100.5 in
A,=6.88 in’
I =34 in’
r=2.22in

Effective Length
mid section

{ Iy

Im,\_

A500 Gr. C

I, =324 in"
I,.:=71.8 in’

[ 1 )

Gy = l +

Lise  Lipia

Ir.r.ld Imi

LAl

| 182 in

J:E.HHI

f
1

G —
wop hm+%m

Kpiqi=1.85

}

=3.735
‘rz'bm

| 177.5 in )

(C-A-7-3)

(C-A-7-3)

( Fig C-A-7-2) sidesway uninhibited

Alternative Analysis: Potter Marsh Boardwalk Project
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top section

Grop=10 (hinge)
I I 1
Goopi= |24+ |- —=3.735 (C-A-7-3)
Lf.op Lﬂu’d I.'.Ebm
177.5 in
Kipp=2.41 ( Fig C-A-7-2) sidesway uninhibited
Find Slenderness
L K, - _107.473 overns
T f— - = - ®
Tiop=Fiop* g
eru'd
L 7T =Kia® =83.7H
T
np,.s.-n:d.ﬂ.\’ E 18261
JFr!.l'
L ry,<test=1 not globally slender

Alternative Analysis: Potter Marsh Boardwalk Project

Page | GG



Find column capacity
9 (E3-4)
E
FE::{N—}E:M.TB ksi
(LTop)

(2]

F:=0.658' /. F, =21.151 ksi (E3-2)
PP, =¢ - F_+A,=130.964 kip (E3-1)
¢ P, =130.964 kip

Local Buckling

D t:=19.0
E

i

i)

=69.348 no slender elements

A=011-

Load on column
(conservatively)
Ly=108 in

Ly:=TH in

DL:=4 kip (Conservative estimation)
LL:=100 psf

SL:=34 psf

Lypgas:=(Ly+L3) + (1.6 LL+0.5 SL)+1.2 DL=14.889 kip

@ P, =130.964 kip > Ly =14.889 kip Buckling Capacity good.
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