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Executive Summary 

Project Background 

Carkeek Park is a popular park located in the northwest area of the City of Seattle. With numerous trails, 

an inclusive Puget Sound sandy beach area, and visibility of the BNSF railroad tracks and passing trains, 

the park is a popular place that attracts a diverse group of community visitors especially children, for 

variety of activities such as hiking and exploring in the woods, playground use, watching the passing 

trains and playing water and sand at the beach area. 

Connecting the Park’s upper land and mountain trails with the lower beach area, the existing Carkeek 

Park Pedestrian Bridge crosses two pairs of BNSF rail tracks, and was built in 1975 with an existing 

easement with BNSF.  As a part of this study, RHC performed a structural assessment for the existing 

bridge and estimated the remaining life of the bridge to be approximately three years. 

This feasibility study consists of reviewing the existing conditions and developing replacement 

concepts for the existing Carkeek Park Pedestrian Bridge, which has deteriorated to the extent of 

requiring a replacement.  This study is a collaborative effort by the project team consisting of SPR and 

RHC Engineering consultant team (RHC).  

Project Goals 

The new replacement bridge should create a safe, welcome, and inclusive infrastructure in the iconic 

Carkeek Park, while providing a beautiful view of the Puget Sound.  The vision for the Carkeek Park is to 

build the new bridge as a signature structure to promote the health and wellbeing of the local 

communities. 

Due to the active BNSF train operations under the bridge, it is difficult to access the bridge for periodic 

maintenance, and this has resulted in steel corrosion and concrete cracking and spalling.  The new 

replacement bridge should be buildable with reasonable cost, sustainable enough to require low 

maintenance for an extended bridge life and long-term capital cost saving, and easily accessible for 

periodic safety inspection.  

This feasibility study report included a bridge type, size, and location study for bridge aesthetics, civil 

and structural engineering, a geotechnical study, environmental permitting documentation, 

constructability, and planning level cost estimates. 

Bridge Replacement Recommendation 

The replacement bridge should preserve the view of Puget Sound to the maximum, and maintain an 

open view for young children to watch the passing trains. With all considerations including alignment, 

profile, and bridge sections, RHC screened different bridge alternatives including conventional girder 

bridges, non-conventional girder bridges, trusses, arches, and cable-stayed bridges.  For this unique site, 

RHC recommends the cable-stayed bridge alternative to achieve SPR’s vision for an open space, low 

maintenance, and cost saving structure.  RHC recommends SPR to prioritize the bridge replacement in 

order to maintain the overpass open, plan ahead of time before the existing bridge’s continuing 
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deterioration requires a complete closure or reaches to the extent to impact BNSF operation. 

Project Cost 

The estimated construction cost is 2.7 million for the cable-stayed bridge in 2020 dollars. The total 

project cost is estimated at 4.8 million.  
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1. Introduction 

The Carkeek Park Pedestrian Bridge is located between the Broad View and Blue Ridge neighborhoods 

in the northwest vicinity of Seattle. As a sole access path to the park’s popular sandy beach area, the 

bridge is a popular place for sightseeing of the Puget Sound and the frequent passing trains.  The 

bridge is popular among all types of community members, including seniors, young children, and 

teenagers.  

Access to the bridge for periodic maintenance is constrained, due to its crossing over the active railroad 

tracks in the BNSF right of way (ROW). This has caused the existing bridge, which was built in 1975, to 

deteriorate to the point that a replacement is required.  

The purpose of this feasibility study is to develop replacement concepts, to preserve the Park’s existing 

pristine features, to improve pedestrian access capacities, and to provide a new sustainable bridge with 

resiliency to earthquake and mitigated interface with BNSF.  

2. Existing Site Condition and Bridge Assessment 

Carkeek Park is a large area that encompasses up to 10 trails ranging from uphill to downhill, and the 

adjacent areas of railroad tracks and beach. Features within the bridge vicinity include restrooms, picnic 

shelters, playground equipment, parking lots, and benches. These features and the view of Puget Sound 

have attracted frequent park and bridge users. The existing bridge provides a sole access path to the 

popular sandy beach area facing the Puget Sound. The beach area is an enjoyable place that offers fine 

sand, ancient driftwood logs, sea shells, and a beautiful view of the Puget Sound.  

The existing bridge is five feet wide, and does not meet currently applied six-foot social distancing 

requirement. The existing bridge has a vertical clearance that is less than what is currently required by 

BNSF.  Some high load dents were visible. In addition, the ramp to the parking lot area has a slope of 

14.3 percent, which exceeds the 5 percent ADA requirement.  

The intermediate piers are within the BNSF ROW and are costly for routine maintenance.  In addition, 

the main pier foundation on the beach side consists of small footings and will be subject to settlement 

in the event of a major earthquake.  The connections between the precast deck panels and the wide 

flange beam have leaked and caused moisture accumulation, steel corrosion and concrete spalling. 

Appendix A summarizes RHC’s assessment of the existing bridge.  

The existing BNSF easement covers approximately 25 feet in width along the existing structure’s 

centerline.  The easement requires that SPR maintains the bridge for the easement to be effective.  

3. Project Criteria 

Bridge Function 

Connecting the park’s trail system, parking lot, and playground area, the bridge provides pedestrian 

access to the beach, a viewing point for Puget Sound, and close observations for passing BNSF trains for 

all visitors.  Serving a diverse community of park users, the bridge should provide a safe path with ADA 
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access to the bridge’s viewing platform. 

Bridge Components 

Parking Side Landing Ramp 

The parking side landing ramp will be built at the sloped grass area adjacent to the existing sidewalk.  

This landing ramp will be the main entrance to the bridge from the playground and upper view point of 

the park. This ramp will be ADA compliant and will be on structures to preserve the sufficient view of 

Puget Sound from the existing sidewalk.  

Parking Side Landing Stairs 

The parking side landing stairs will function similarly to the existing bridge entrance, with its purpose to 

provide direct non-ADA access for people entering from the east upper parking lot and from Pipers 

Creek Trail at the south of the bridge.  

Bridge Over BNSF Tracks 

The bridge crossing over BNSF tracks is the main span structure that provides access to the beach and 

an open space for the viewing Puget Sound and passing trains, by all visitors including young children 

and wheel chair users. 

Bridge End View Platform 

Similar to the existing bridge’s platform area, the new bridge end platform on the beach side will serve 

two functions: to provide an open space for view entertaining and to act as a structural counterweight 

to the main span bridge for substructure load balance.  

Beach Side Landing Stairs 

The beach side landing stairs will provide access from the top of the bridge to the beach. ADA 

compliance will not be required considering the sandy surface conditions. 

BNSF Clearances 

Vertical Clearance 

BNSF requires the minimum vertical clearance, measured from the highest rail to the lowest point under 

the bridge, to be 23.5 feet. This clearance is after the bridge deck deflection under loads. Additionally, 

BNSF expansion for future tracks or reconstruction of existing tracks shall be considered. 

Range for Vertical Clearance 

Vertical clearance shall be satisfied at a minimum range of nine feet beyond the centerline of the 

existing or future exterior tracks.  

Horizontal Clearance 

BNSF requires that the bridge foundation piers shall be located outside of the BNSF ROW whenever 

feasible. Pier protection measures are needed for a pier within 27 feet of the exterior track centerline. 

Throw Barrier 

10-foot high vertical throw barriers will be provided on both sides of the bridge crossing over BNSF 
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ROW.   

Safety Features 

Longitudinal Grade 

The longitudinal landing grade at the parking side will be within 5 percent, to provide safe ADA access 

to the bridge deck. 

Cross Slope 

The maximum cross slope will be 2 percent. 

Bridge Width 

The width for spans over BNSF tracks will be eight feet to 16 feet, with 10 feet recommended allowing 

for viewing stops on the bridge and ADA wheel-chair passing, as well as providing sufficient lateral 

structural stiffness. 

Stairs 

Stairs width will be five-foot minimum, with eight–foot ideal for people passing. Stair step and rise will 

be in accordance with building code standards. 

Crime Prevention 

Crime prevention design features include open space design to eliminate potential hiding spaces. These 

features include open spaces on the bridge, at approaches, and at entries.  For under the bridge space, 

appropriate rock landscaping features are required to achieve low maintenance.  

Design Standards 

This feasibility study is established based on the following design criteria documents, in the order of 

precedence.  This list provides major code references and other documents may be referred or required 

for bridge design and construction.  

• AASHTO LRFD Guide Specifications for the Design of Pedestrian Bridges, 2019 

• AASHTO Guide Specifications for LRFD Seismic Bridge Design, 2nd Edition, 2011 

• AASHTO LRFD Bridge Design Specifications, 8th Edition, 2017 

• AASHTO LRFD Specifications for Structural Supports for Highway Signs, Luminaires, and Traffic 

Signals, 1st Edition, 2015 with 2019 Interim Revisions 

• WSDOT – Bridge Design Manual, 2020 

• AISC – Steel Construction Manual, 15th Edition, 2017 

• ACI – 318 Building Code Requirements for Structural Concrete, 2019 

• Seattle Building Code, 2015 

• ASCE - 7 Minimum Design Loads for Buildings and Other Structure, 2016 

Design Loads and Combinations 

Dead Load 

Material self-weight: reinforced concrete: 155 pound per cubic foot; steel: 490 pound per cubic foot, 

timber: 50 pound per cubic foot; and other materials by manufacture data. 



RHC Engineering                                                                         Carkeek Park Pedestrian Bridge Feasibility Study 

Seattle Parks and Recreation                                                                                                                                               6 

Live Load Pedestrian 

90 pounds per square foot representing pedestrian weight, positioned to create the maximum load 

effects for a component.  

Live Load Vehicle 

AASHTO H5 (10 kips weight) or H10 (20 kips weight) maintenance vehicle loads shall be considered if 

the clear deck width is over seven feet and is not blocked by physical barriers for vehicle access. 

Earthquake Load 

Earthquake response spectrum with 1000 Year return period 

Wind Load, WS 

Wind pressure from 1700 year wind speed of 115 miles per hours 

Snow and Ice Load,  

Snow load of 25 pound per square foot or ice thickness of 0.5 inches 

Temperature, TU or TG 

• Lower Temperature 

• High Temperature 

• Bridge Construction Temperature 

Load Combination 

Table 1: Load Combination 

Load Combination Dead Load Live Load Earthquake Load Wind Load Temperature Load Snow or Ice Load 

Strength I 1.25 1.75 - - - - 

Strength III 0.9/1.25 - - 1.0 0.5/1.2 - 

Extreme I 1.0 0 1.0 - - - 

Extreme II 1.0 0.5 - - - 1.0 

Service I 1.0 1.0 - 1.0 1.0/1.2 - 

Service II 1.0 1.3 - - 1.0/1.2 - 

Service III 1.0 0.8 -  1.0/1.2 - 

Service IV 1.0 - - 1.0 1.0/1.2 - 

Fatigue I - 1.75 - - - - 

Materials 

Concrete 

Precast concrete f’c=5,000 psi 

Cast-in-place concrete substructure and foundation f’c=4,000 psi 
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Reinforcing Steel 

Typical for substructure and foundation: ASTM A-706, Grade 60 

Epoxy coated rebar for deck: ASTM A-775 

Structural Steel 

• Steel wide flange beams, channels, and angles: ASTM A709– Grade 50W 

• Steel tubes:  ASTM A847  

• Bolts, nuts and washers, shear connectors: ASTM F3125 Grade A325, Type III 

• Threaded rods and anchor bolts: ASTM F1554 

• Welding electrodes: 70,000 psi low hydrogen electrode 

• Other miscellaneous structural steel: ASTM A588, Grade 50 

Cables 

ASTM A586 or ASTM A603 galvanized seven wire bridge cables 

4. Environmental Permitting and Documentation 

Construction of the bridge foundations and stairs on the beach side will involve ground disturbance, 

soil drilling, and concrete pouring. These construction activities could be conducted through a barge 

from the water for shipping of large drilling cranes, or through the parking side to transport small 

machines and precast members. Overall, the construction activities should trigger minimum interface 

with BNSF operation.  

Based on discussions with SPR, the bridge construction will be a replacement project through SPR’s 

maintenance program.  Except construction permit from the Seattle Department of Construction and 

Inspection (SDCI), other permits such as Army Corps of Engineers, NEPA, and SEPA will be waived 

through application for exemptions. Below is a summary prepared by SPR in regards to the 

environmental permitting needs for the bridge construction. 

Shoreline Exemption Permit will be needed from SDCI. SPR will write up the exemption request and 

submit it to SDCI. 

The anticipated work for this project is planned to be above the ordinary high-water line so that no 

permits will be required from the US Army Corps of Engineers or the Washington State Department of 

Fish & Wildlife (WDFW). The project will need a construction permit from SDCI.  

As there are ECAs on and adjacent to the work area, the bridge construction will be subject to the 

requirements of the City’s ECA Code. The bridge replacement will be considered maintenance and 

because of this, there may not a need to work in any actual ECAs, the only need would be an ECA 

exemption.  

The project is within 200 feet of the ordinary high-water mark, we are subject to the requirements of the 

City’s Shoreline Master Program. If this were a new bridge where one does not currently exist, we would 

have to get a Shoreline Substantial Development permit from SDCI. However, because we are replacing 

an existing structure, we only need a Shoreline Exemption. 
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Since this project is planning for the replacement of an existing structure this project should be exempt 

from SEPA. SPR will document this with a SEPA Exemption memorandum and prepare an ECA 

Exemption. 

The application for ECA, SEPA and Shoreline Exemptions could be started once designs have reached 

the 30 percent phase. The construction permit application will be applied for once the designs have 

reached the 60 percent phase. The exemptions listed above could also be submitted at the same stage 

as the construction permit.  

SPR will need to arrange a Construction and Maintenance Agreement with railroad owners, BNSF. This 

agreement will cover all aspects of access and construction plans as well as the agreement surrounding 

the bridges easement across BNSF property. This agreement will be arranged through coordination 

with BNSF legal representation Jones Lang LaSalle. 

Construction documents will need to be shared with BNSF at each stage of design for review and 

comment according to their grade separation guidelines and constructions standards. This review will 

be completed by BNSF staff and legal representation and has an expected four to six-week processing 

time. 

Any access to BNSF property for work outside of the Construction and Maintenance Agreement, such as 

survey or soil testing, will be coordinated by a Temporary Occupancy Permit. This permit has an 

expected one-month processing time and will include coordination with the local Roadmaster who is 

the senior official overseeing any section of track. 

Potential conflicts with tribal interests will need to be addressed as the projects approach is determined. 

If the water is used for project site access, the terms of this work will need to be arranged with tribal 

representatives, likely the Muckleshoot and Suquamish Fishery divisions. If water access is proposed for 

construction, coordination with the resource agencies (USACOE & WDFW) will be necessary. This study 

recommends that construction access for this project be achieved by land. 

If the final design requires the removal of any trees, location of additional trees at a replacement rate of 

two new trees for every one removed will be required. 

5. Geotechnical Condition and Foundation 

Recommendations 

Based on two available borings near the bridge, the soil condition on the beach side is soft and subject 

to liquefaction under the design earthquake event, therefore deep foundations are required. The soil 

condition on the parking side is suitable for shallow or deep foundations.  Please see the Appendix B 

Geotechnical Report for soil details and seismic hazard impact.  

In summary, shallow foundations are recommended for stairs considering that settlement from 

earthquake liquefaction will not impact the structural integrity.  Deep foundations are recommended at 

the beach side for the bridge span. Shallow or deep foundations are recommended for the bridge at the 

parking side.  Site specific explorations during final design will confirm these recommendations.  

Foundations are preferably to be outside of the BNSF ROW.  For the bridge site, the BNSF ROW is higher 
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than the mean high-tide water line. FEMA 100-year flood elevation is within the BNSF ROW at north side 

of the existing bridge, where the new bridge is proposed.  If zero rise is required, the location of the new 

foundation will have to stay within the BNSF ROW. For the current study phase, the foundation is 

assumed to be near the BNSF ROW.  

6. Site Condition and Constraints  

Park Context 

Carkeek Park is a special place because of the many ecosystems it spans. Dark green in Figure 1 shows 

the forested areas, light green the lawn or meadow areas, tan or yellow area the beach, and blue the 

water. The rail tracks that separate the main body of the park from beach and water access are shown in 

dark grey. The project site is situated right at the convergence of the ecosystems and trails, and the 

orange line shows the alignment of the existing bridge over the trail tracks from the meadow to the 

beach. 

 
Figure 1 Park Context 
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Bridge Context 

As shown in Figure 2, on the east side, the existing bridge can be approached from the sidewalk, trails 

(purple dash), and the crosswalk (white dash) that connects to upper parking stairs.  Pedestrian 

pathways to the bridge from the amenities like the amphitheater, play area, restrooms, picnic grove, and 

lawn occur along and sometimes through the primary vehicular route. The main span of the bridge, 

over the rail tracks, is a popular destination for people of all ages to watch the trains go by.  The west 

end of the span and top of the stair is commonly occupied by people looking out across the Puget 

Sound towards Kingston and Whidbey Island.  

 
Figure 2 Bridge Context 

Bridge Visibility 

As a signature structure, the bridge should have a visible feature, but it should not block the view of 

Puget Sound. 
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Site Circulation 

The majority of visitors to the bridge come from the play area and lawn to the north and east, with a 

smaller portion of pedestrian circulation coming from the southern trails and parking lot.  The existing 

sidewalks are approximately 6.5 feet wide.  Visibility of the bridge is limited from the upper lawn due to 

vegetation and the bridge’s lower elevation. More direct lines of sights to portions of the bridge are 

possible from the play area and amphitheater. 

 

Figure 3 Bridge Access 
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Accessibility 

The existing bridge design does not currently meet ADA accessibility guidelines. Based on feedback 

from SPR, this study assumes that the main span of the bridge and western viewpoint should meet ADA 

accessibility guidelines.  The descent from the west viewpoint to the beach will be maintained as stair 

only access.  An accessible ramp, between 5 to 8 percent slope, was studied for the west landing down 

to the beach and would be on the order of 500 to 700 feet in length.  The east side landing would be on 

the order of 100 feet in length. 

 

Figure 4 Bridge Access Detail 

7. Park Integration, Trail Alignment, and Approach Landing 

BNSF Clearance Diagram 

Any portion of the new bridge occurring within the BNSF ROW needs to follow the BNSF Guidelines for 

Railroad Grade Separation Projects.  A vertical clearance envelope of at least 23.5 feet, from the top of 

the track to the bottom of the structure must be maintained within nine feet of the nearest track 

centerline.  A throw barrier, between 8 to 10 feet tall, must be placed on all portions of the bridge within 

25 feet of the nearest track centerline or within the ROW.  Any construction and maintenance of the 

bridge occurring within the BNSF ROW require the presence of a BNSF flagger at a cost of roughly 

$1,200 per day.     
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Figure 5 BNSF ROW Plan 

 

Figure 6 BNSF Clearance Elevation 

 

East-West Site Section 

The existing bridge is accessed from the parking lot on a 14.3 percent slope, which is greater than the 

maximum ADA accessible slope of 8 percent.  The existing bridge is also located within the required 

BNSF vertical clearance envelope. On the west side of the bridge, the existing stairs are located within 
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the BNSF zone that is required to be free of piers.  The stair descends a total of 28 feet over the course of 

three stair runs. 

For the purposes of this study, it has been assumed that the existing bridge will remain in place while 

the new bridge is under construction to allow for uninterrupted access to the beach for construction 

workers and when appropriate, the public. Additional alignments are possible if the existing bridge 

were to be demolished before construction of the new span, but this approach would complicate 

construction access to the beach and presents a potential point of contention with the community 

members who regularly frequent the beach.   

 

 

Figure 7 Existing Bridge Elevation 

East Approach 

A variety of alignments were studied for accessing the bridge, taking into account the goal of an 

accessible path to the west viewpoint, the BNSF clearances and ROW, the high-tide line on the west side, 

and the bridge span criteria. All options used a 4.9 percent sloped walkway along the west edge of the 

sidewalk at the edge of the parking lot. 

The studied configurations of the east approach ramps range from 65 feet to 170 feet in length 

depending on where the ramp starts along the edge of the parking lot, which increases in elevation by 

almost 8 feet when moving from south to north. The BNSF tracks are close to the same elevation along 

their length occurring within the site. The further the ramp starts towards the north end of the parking 

lot, the less elevation it has to gain to clear the tracks, but the longer the span needs to become to reach 

the landing point on the west side that is not within close proximity to the-high tide line.   

There is approximately a 15-foot wide zone for placing the approach ramp between the sidewalk and 

BNSF ROW. Most of this space occurs on a sloped hillside. The toe of the hill is located along the east 

edge of the BNSF tracks and within the ROW, creating additional considerations for any foundations 

that would be constructed for the approach ramp. 
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The south end of the approach ramp rises between nine feet to 14 feet above the adjacent portion of 

the sidewalk. Consideration of the pedestrian experience should be given in relationship to these 

heights for foundations and span types for the approach ramp. 

Shifting the main east access point to the north would likely reduce the frequency of parking lot 

crossings while bringing the bridge entry point closer to the heart of the park.   

 

 

Figure 8 East Approach Access Plan 
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Figure 9 East Approach Access Section 

West Viewpoint and Stairs 

The main influences on the west landing are the close proximity to the high-tide line and the minimum 

BNSF pier support offset.  Boring records from other nearby areas of the beach indicate unfavorable 

soils likely requiring minimally invasive foundation systems like micro-piles.  The natural accumulation 

of driftwood on the beach is an influencing factor in where the structure should touch down. Providing 

a new stair landing near the existing stair landing creates a comfortable buffer against the high-tide line 

and fits in with well with the current beach circulation. The new stair will be located further away from 
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the BNSF tracks and require modification of the existing vegetation occurring along the edge of the 

beach. 

Alignment Comparison 

Four alignments were compared to better understand how the east approach configurations would 

affect the bridge span and east approach length. In all cases, the west landing location remains 

consistent due to the limited options available on the west and the goal of retaining access across the 

existing bridge during construction of the new span.  

 

Figure 10 Alignment Study 
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Site Recommendations 

For site connections, the following summarizes our recommendations or considerations: 

1. West side stair landing and beach access trail 

a. Will the natural sand be kept as existing or formalized with harder materials? 

2. Interpretive plaza 

a. The base of bridge will naturally act as a gathering element within the park, and it 

should be considered as places for people to wait without impeding the access to the 

bridge or sidewalk. 

b. How does the paved area at the base of ADA ramp connect with the existing sidewalk? 

c. Possible coordination with Tribes on interpretive elements should be considered. 

d. Park signage and information on beach habitat and wildlife should be included. This 

would work as a history and knowledge board area as the existing one. 

3. Underbridge and abutment grading and planting 

a. Low, dense planting, rock landscaping, or sloped ground plane should be considered to 

discourage occupation. 

b. It is important to maximize views into the underbridge areas and minimize occupiable 

places not visible from the main body of the park, to improve the safety features. 

 

Figure 11 Urban Design 
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8. Superstructure Replacement Study  

Alignment Width Studies 

A better alignment would consider ADA access, people pausing along the main span for views, and 

people carrying large objects like surf boards and coolers. RHC recommends an eight-foot clear width 

on the approach ramp so that there is clearance for two people on wheels to pass, a ten-foot minimum 

clear width along the main span so there is space to pause and look at the trains, and a six-foot 

minimum width on the stairs to the beach as this is not an accessible route for wheelchairs. Figure 12 

demonstrates occupancy configurations for different widths of the path. 

 

 

Figure 12 Bridge Sections  
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Throw Barrier Sections 

The existing throw barrier sections are eight feet tall and closed.  For the new construction, BNSF 

requires either 10’ straight or 8’ curved shape. RHC recommends the 10-foot straight option for the 

sense of openness, simpler constructability, and reduced length compared to the 8’ curved option. 

Figure 13 shows the three different throw barriers discussed. 

 

 

Figure 13 Throw Barrier 

Superstructure Length 

The bridge span length will be primarily determined by the alignment over the tracks and relationship 

to the BNSF ROW.  A minimum 27-foot offset from the centerline of the nearest BNSF track must be 

maintained for any vertical structural support.  If any bridge foundation or vertical structural support 

has an offset less than 27 feet or within the BNSF ROW, it requires an agreement with BNSF to 

potentially add a collision barrier around the vertical supports, if required by BNSF at a later date.  

Vertical supports that are outside of the BNSF ROW do not require this agreement, as well as avoid the 

requirement for a BNSF flagger to be present during construction or future maintenance work.  

Constructability will also influence the overall span length given what equipment will be able to access 

the site and be used to lift the span into place. 

Superstructure Deck Depth 

The depth of the deck is influenced by the superstructure type, deck material and overall width.  The 

bottom of the bridge deck must be above the 23.5-foot BNSF vertical clearance over the tracks and 

therefore has a direct influence on the length of the approach ramp needed on the east and the height 

of the stair on the west. 
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Superstructure Type Considered: Girder Bridge 

Girder bridges are the most typical types of bridges, as shown in Figure 14. Steel plate girders, steel box 

or precast prestressed concrete girders or slabs are all appropriate types of girders for this bridge. Girder 

bridges can be achieved through a deck girder type, where the deck is on top of the girders. Another 

half-through type lowers the deck between the two girders at two sides of the bridge. A Summary of 

girder bridges is as follows: 

Pros:  Conventional construction for better constructability and construction resources 

Cons: Deck girder bridges require deeper depth which will trigger a longer landing ramp and park 

impact; half-through girder bridges require a deep profile that will block views for young children 

 

Figure 14 Girder Bridge Configurations 
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Superstructure Type Considered: Truss Bridge 

Traditional truss bridges consist of upper compression chords, lower compression chords, posts and 

diagonals to carry loads passed from the deck. The deck is typically near the bottom chord. Architectural 

appealing trusses, such as those shown in the Figure 15, have chord members in different shapes. 

Trusses can span longer with a low deck profile.  Primarily built from steel, trusses are fracture critical 

structures that are sensitive to damage of one single chord. 

Pros:  Span longer with open space and decent visibility, conventional steel welding or bolt 

connections, conventional construction 

Cons:  Partial view blocking, constructability with site access constraints, bridge inspection access for 

taller upper chords, fracture critical structure that is also sensitive to lateral loads due to the height 

 

Figure 15 Truss Bridge Configurations 

 

  



RHC Engineering                                                                         Carkeek Park Pedestrian Bridge Feasibility Study 

Seattle Parks and Recreation                                                                                                                                               23 

Superstructure Type Considered: Arch Bridge 

As the name indicates, arch bridges typically include an arch shape main structure, suspended ties for a 

tie arch or spandrel for a deck arch.  The bridge deck is on top of the arch for a deck arch bridge, and the 

bridge deck is at the bottom of the arch for a tied arch bridge.  For the context of this project, a tied arch 

is an appropriate bridge type.  Arch bridges typically represent signatures or icons of the site.  Figure 16 

shows different appearances of tied-arch bridges. 

Pros: Span longer with low profile 

Cons: Partial view blocking, constructability with site access constraints, bridge inspection access for 

taller upper chords 

 

 

Figure 16 Arch Bridge Configurations 
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Superstructure Type Considered: Cable-Stayed Bridge 

Cable-stayed bridges include pylons and cables to support a shallow profile bridge deck. Foundations 

at the pylons carry larger loads and foundations at the bridge ends carry smaller loads.  For the context 

of this project, the pylon and foundation can be constructed on the parking side. Figures 17 shows 

different configurations of cable-stayed bridges within similar sites as this bridge. 

Pros:  Span longer with low profile, iconic structure, fits the site condition and better constructability 

Cons:  Non-conventional structure to design and build 

 

 

Figure 17 Cable-Stayed Bridge Configurations 

  



RHC Engineering                                                                         Carkeek Park Pedestrian Bridge Feasibility Study 

Seattle Parks and Recreation                                                                                                                                               25 

Superstructure Comparison 

Figure 18 shows a brief comparison of different bridge types.  The truss option and the cable-stayed 

option fit the context of this bridge therefore they are advanced for further considerations, as shown in 

Figure 19. Table 2 is a comprehensive comparison of these two types of bridge as they apply to the 

unique bridge site. Both types have lower profile and have shorter overall bridge length. 

 

Figure 18 Summary Comparisons for Different Bridge Types 
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Figure 19 Truss and Cable-Stayed Bridge Rendering 
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Table 2: Truss and Cable-Stay Option Comparison 

 Truss Option Cable-Stay Option 

Bridge and Approach Geometry   

• Span Lengths Single span over BNSF Single span over BNSF 

• Approach Lengths Three approach spans single approach span 

Connectivity   

• Beach connection Yes Yes 

• Trail Network and Park Amenities Integration Yes Yes 

• Parking Lot and Street Crossings Yes Yes 

Cost   

• Construction Costs Slightly higher Slightly lower 

• ROW Impacts Potential due to flood plain Potential due to flood plain 

• Maintenance Costs Low Low 

• Corridor Improvement Costs Potentially trigger the cost Potentially trigger the cost 

Constructability   

• Impact to Vehicular Parking and Vehicular Traffic Yes Yes 

• Impact to BNSF Yes Yes 

• Impact to character and function of Park Yes with positive impact Yes with positive impact 

• Materials Construction Access Challenging on beach side Better access on land side 

• Construction Staging In the park near the bridge In the park near the bridge 

• Construction Duration Longer with a major foundation 

on beach side 

Shorter with the major 

foundation on parking side 

Visual Impact   

• User Experience Good visibility Great visibility 

• Neighborhood Context Good Better with less visual impact 

• Bridge and Trail Aesthetics Good normal truss bridge Great signature bridge 

Environmental Impact   

• Shoreline Area Potential impact from foundation Less impact with micropiles 

• Bridge and Approach Structures’ Foundation 

Footprint 

More foundation prints Less foundation footprint 

Safety   

• Perceived Safety   

o Lighting Proposed at bridge entrance Proposed at bridge entrance 

o Underbridge area ground treatment Mix of rock/plant landscape Mix of rock/plant landscape 

• Physical Safety   

o Pedestrian/Vehicle Interaction No impact No impact 

o Visibility Distance No impact  No impact 
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9. Constructability 

Construction Access 

The unique site makes constructing the bridge a challenging task.  The design team has investigated 

different approaches to access for construction, including helicopter lift, barge through water, utilize the 

BNSF train, and truck transportation from the NW Carkeek Park Road.  Construction activities would be 

through a period of time and would involve equipment and materials, plus coordination for loading and 

unloading, therefor helicopter or train transportation of the construction equipment and material 

would be expensive and are eliminated from further considerations.   Equipment access on the beach 

side of the span will be difficult due to the elevation difference, location of the tracks and natural 

landscape features.  Additionally, water access could be an environmental challenge for barge landings. 

On the other hand, steep, narrow, and curved roads will make road access a challenge for long span 

elements like trusses and girders.  

 

Figure 20 Construction Access 

The only roadway to the bridge is from the park entrance through a narrow internal driveway with 

extreme horizontal curves.  Although barge access through water is likely, BNSF tracks are on the way 

for constructions at the parking side.  Due to these constraints, we anticipate shop fabrication of bridge 

segments, field assembly for full spans without the heavy concrete deck, and lifting to the constructed 

foundations.  The following is a tentative construction sequence we propose: 

Proposed construction staging and sequence: 

NW 116th St. 

Bridge NW Carkeek Park Way 

NW 110th St. 
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1. Construction access through  

2. Setup construction staging area near the parking lot  

3. Shop fabrication of bridge members and precast concrete panels 

4. Construct the bridge foundations and cable-stayed tower at the park side  

5. Construct the bridge foundations at the beach side through barge access or through crane 

lifted small equipment from the parking lot, primary considerations will be given to use small 

precast elements to speed up construction and reduce environmental impact 

6. Assemble bridge superstructures onsite 

7. Remove the existing bridge 

8. Crane lift the superstructure and stairs onto the foundations 

9. Cable pulling for superstructure elevation control 

10. Finish deck concrete and install throw barriers and handrails 

10. Cost Estimates 

Based on our preliminary analysis for superstructure and substructure component sizes, Table 2 is the 

anticipated project cost, Tables 3 and 4 summarize construction cost estimates for the two options 

selected and studied in this report.  These cost estimates include major construction activities only, with 

unit cost built in for each fully furnish of each construction item.  Conventionally it has been recognized 

that a truss bridge would cost less than a cable-stayed bridge.  Due to the unique site conditions, we 

have found that a cable-stayed bridge costs reasonable low and will provide an open span for the area. 

 

Table 3: Bridge Replacement Project Cost 

ITEM COST 

Bridge Construction Cost  $        2,494,998  

Corridor and Roadway Improvement  $        124,750  

Landscaping  $        74,850  

Lighting/Electrical  $        24,950  

Historical Exhibition Board  $        24,950  

Base Construction Cost (2020)  $      2,744,498  

Other Soft Cost  

BNSF Cost (15%) $      411,675 

Planning Phase Cost (3.6%)  $        98,802  

Design Phase Cost (25.45%)  $      698,475  

Construction Phase Cost (32.01%)  $       878,514  

Closeout Phase Cost (0.36%)  $          9,880  

Total Project Cost (2020)  $   4,841,843  
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Table 4: Construction Cost Estimates for Cable-Stayed Bridge 

ITEM UNIT QUANTITY UNIT COST COST 

SHORING OR EXTRA EXCAVATION SF 2400.00  $           20.00   $        48,000  

STRUCTURAL EXCAVATION INCL. HAUL CY 222.22  $           85.00   $        18,889  

MICROPILE FOUNDATION - 9 INCHES LF 240.00  $         200.00   $        48,000  

CONCRETE CLASS 4000 - SPREAD FOOTING FOUNDATION CY 44.44  $         750.00   $        33,333  

CONCRETE CLASS 4000 - BRIDGE COLUMN AND CAP CY 38.09  $         850.00   $        32,373  

CONCRETE CLASS 4000 - TOWER CY 41.48  $      1,000.00   $        41,481  

STEEL CABLES LB 10714.40  $           50.00   $      535,720  

STRUCTURAL STEEL - BRIDGE DECK LB 30898  $           20.00   $      617,960  

CONCRETE CLASS 5000D - BRIDGE DECK CY 51.85   $      1,000.00   $        51,852  

CONCRETE CLASS 4000 - PLATFORM  CY 10.67  $         850.00   $          9,067  

CONCRETE CLASS 4000 - STAIR FOOTING CY 20.00  $         750.00   $        15,000  

CONCRETE CLASS 4000 - STAIR STEP CY 11.85  $         750.00   $          8,889  

CONCRETE CLASS 4000 - STAIR PIER PEDESTAL CY 17.28  $         750.00   $        12,963  

STRUCTURAL STEEL - STAIR LB 14000.00  $             5.00   $        70,000  

BRIDGE PEDESTRIAN BARRIER - 10 FT LF 200  $         750.00   $        150,000  

BRIDGE AND STAIR PEDESTRIAN BARRIER - 3 FT 6 INCHES LF 725  $         150.00   $      108,782  

STEEL REBAR LB 7746.57  $             1.50   $        116,920  

TOTAL CONSTRUCTION COST        $   1,919,229  

TOTAL CONSTRUCTION COST WITH CONTIGENCY (30%)        $   2,494,998  
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Table 5: Construction Cost Estimates for Truss Bridge 

ITEM UNIT QUANTITY UNIT COST COST 

SHORING OR EXTRA EXCAVATION SF 4000.00  $           20.00   $         80,000  

STRUCTURAL EXCAVATION INCL. HAUL CY 370.37  $           85.00   $         31,481  

DRILLED SHAFT FOUNDATION - 3 FT LF 60.00  $      1,500.00   $         90,000  

CONCRETE CLASS 4000 - BRIDGE FOOTING CY 41.48  $         750.00   $         31,111  

CONCRETE CLASS 4000 - BRIDGE COLUMNS AND CAPS CY 34.40  $         850.00   $         29,236  

STRUCTURAL STEEL - TRUSS LB 35202  $           20.00   $       704,041  

STRUCTURAL STEEL - BRIDGE DECK LB 30898  $           20.00   $       617,960  

CONCRETE CLASS 4000D - BRIDGE DECK CY 51.85   $      1,000.00   $         51,852  

CONCRETE CLASS 4000 - PLATFORM  CY 10.67  $         850.00   $           9,067  

CONCRETE CLASS 4000 - STAIR FOOTING CY 20.00  $         750.00   $         15,000  

CONCRETE CLASS 4000 - STAIR PIER CY 11.85  $         750.00   $           8,889  

CONCRETE CLASS 4000 - STAIR STEP CY 17.28  $         750.00   $         12,963  

STRUCTURAL STEEL - STAIR LB 14000.00  $             5.00   $         70,000  

BRIDGE PEDESTRIAN BARRIER - 10 FT LF 200   $          750.00   $         150,000  

BRIDGE AND STAIR PEDESTRIAN BARRIER - 3 FT 6 INCHES LF 725  $          250.00   $       108,782  

STEEL REBAR LB 62026.04  $             1.50   $         93,039  

TOTAL COST        $    2,175,943  

TOTAL CONSTRUCTION COST WITH CONTIGENCY (30%)        $    2,828,726  
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11. Recommendations and Next Steps 

This feasibility study reviewed the existing site conditions and studied two replacement alternatives, 

one for a truss bridge, and one for a cable-stayed bridge, considering their low profile to reduce the 

landing approach length. When developing the alternatives, constructability, low maintenance, and 

mitigation of permanent BNSF easement are achieved by using precast concrete for the bridge deck 

and stair steps, spanning over the BNSF ROW, and focusing major construction activities on the parking 

side. Ultimately, we recommend the cable-stayed bridge option due to its open space, low deck profile, 

utilizing better soil for foundation at the parking side, and the signature feature.  Here is summary of 

considerations for the replacement study: 

Opportunities for Additional Study 

There are a number of opportunities for additional study as the project moves into design and even 

after construction. These improvements could be considered as part of other capital planning or on 

their own as the access needs change over time.  These additional considerations can be considered 

during next phase of the project. These include: 

1. Bridge materials, throw barriers integration with structure, and views to/from bridge with 

structure recommendation 

2. East side stair and landing 

3. West side ADA ramp to beach connection 

4. Enhanced parking lot crossings (upper and lower) 

5. Enlarged landing plaza 

6. Enhanced sidewalk connection 

 

Figure 21 Further Study Diagram 
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Next Steps 

With a limited life span for the existing bridge, we recommend the final design and construction to be 

scheduled and prioritized. We anticipate one to one and half years are needed for final design and one 

to one half years are needed for the construction.  
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Summary 
 

The Carkeek Park Pedestrian Bridge is a steel structure built around 1975. The bridge connects the park’s 

parking area with the beach area that faces Puget Sound.  The bridge is five feet wide, 98 feet long, and 

consists of three spans crossing over two pairs of BNSF railroad tracks, as well as a 70-foot-long landing 

stair to the beach. 

The purpose of this assessment is to evaluate the existing structural capacities to resist pedestrian live 

load and earthquake loads, in order to provide information on timing and availability for the new 

replacement bridge construction. 

This assessment report summarizes the review of the bridge as-built data, recent bridge inspection 

reports, field verification of bridge conditions, and structural analysis and primary load carrying 

members.  

The primary findings from the assessment are deterioration at different connection locations. These 

locations are not readily accessible for periodic maintenance. Deterioration in steel material includes 

corrosions at the top flange between the concrete and steel beam, particularly where water can 

penetrate and accumulate, such as joints and anchor bolts. Deterioration in concrete material includes 

cracking and spalling. 

Our observations of the bridge were based on visual inspection and instrument measurements of 

effective section thickness, at readily accessible locations. Due to the height of the bridge and active 

tracks below the bridge, some critical connections between the steel beams and the supporting piers 

below the deck were not visible. Based on the visibly deteriorated conditions at structural members and 

connections, we recommend replacing the bridge within three years, although we have not found an 

immediate need to close the bridge. We also recommend repairing Pier A-4 pipe base and installing 

load limitation post for the bridge. 
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Bridge Description 

The bridge superstructure consists of steel plate girders and precast concrete deck panels. Hand rails 

and throw fences are on both sides of the bridge. The bridge substructure consists of braced steel pipes. 

The bridge foundation consists of reinforced concrete spread footing and pedestals to support the steel 

pipes. Figure 1 shows a view of the bridge from the sidewalk of the parking area. 

 

Figure 1 Bridge Overview 

Existing Information Review 

Bridge As-Built Drawing 

The bridge as-built drawings indicated that the bridge was built in 1975 based on an existing design 

drawing developed in 1955. The vertical clearance to the rail track is 22 feet 10 inches. The distance from 

the main span pier to the railroad track is 10 feet, which differs from the field measurement of 

approximately 12 feet. 

The precast deck panel is five feet wide and seven feet long for each, with a thickness of 3.5 inches and a 

single layer of #4 rebar. The panel was bolted onto the wide flange beam by four bolts at the four 

corners, and the bolts were sleeved from the concrete. This sleeved connection may have contributed to 

water leaking and steel corrosion. 
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The welding connection details between the steel members are not completely detailed in the as-built 

drawings.  

Bridge Inspection Report 

Bridge inspection reports spanning from year 2015 through 2020 were reviewed.   

The WSDOT Bridge Inspection Manual uses four Condition states, from 1 to 4, to represent good, 

repaired, fair, and poor status for a structural component. A Condition State 3 indicates fair conditions 

without immediate structural safety concerns.  A Condition State 4 indicates poor conditions, possible 

structural failure and demands immediate closure of the bridge.   

In these bridge inspection reports, over 50 percent of the concrete deck area has the Condition State of 

3, which indicates fair condition, or significant defects that require continued attention or repair in order 

to prevent failure.   

There was an increase in the quantity of steel beams with Condition State 3 in the 2018 report, from one 

percent to thirty percent of the total length of the steel beams.  

Corrosion in the pier pipes is consistent with field observations. 

Overall, the Superstructure Condition Rating has been decreased from a 7 in year 2017 to a 6 in year 

2018. Our field observations indicated the overall rating should be a 5 or less, which represents fair to 

poor conditions with advanced section loss, deterioration or spalling. This is right next to Condition 3, 

which represents serious section losses in primary structural members that may impact the structural 

integrity.  

Field Verification 

Bridge deterioration is the worst in the structural connections, where water penetration has caused 

significant corrosion at the concrete deck and steel beam interface, and at the steel welding between 

pier steel tubes and the connection plates. Figures 2 to 10 show some representative captured 

locations. 
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Figure 2 Deck and Fence 

 

 

Figure 3 Bridge Steel Beam Bottom Flange Dent 
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Figure 4 Bridge Low Clearance 

 

 

Figure 5 Corrosion and Spalling at Bolt Connection with Precast Slab 



RHC Engineering                                                                                                           Carkeek Park Pedestrian Bridge 

Existing Bridge Assessment                                                                                                                                     A-9  

 

Figure 6 Pier with Corrosion Members at the Other Side of BNSF Tracks 

 

 

Figure 7 Corrosion at Pier Pipe Base Plate Anchor 



RHC Engineering                                                                                                           Carkeek Park Pedestrian Bridge 

Existing Bridge Assessment                                                                                                                                     A-10  

 

Figure 8 Corrosion at Pier Pipe Base with Visible hole 

 

Figure 9 Corrosion at Steel Beam Top Flange 
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Figure 10 Field Measurement of Steel Thickness 

Bridge Structural Assessment  

Assessment Criteria 

The structural assessment includes evaluating the primary load carrying member’s capacity and 

demand, based on the following standards: 

• AASHTO LRFD Guideline Specifications for the Design of Pedestrian Bridges, 2019 

• AASHTO LRFD Bridge Design Specifications, Eighth Edition, 2017 

• AASHTO Manual for Bridge Evaluation, Third Edition, 2018 

• Washington State Bridge Inspection Manual,  2020 

Capacities of members for the as-built condition and for the reduced section considering corrosion loss 

were evaluated. The components evaluated included the concrete deck, the longitudinal steel wide 

flange beams under the deck, the pier pipes, and the spread footing foundation soil bearing.  The 

following sections summarize the structural analysis and results.  

Loads and Combinations 

A CSI Bridge analysis model was built to evaluate the load demands under pedestrian live loads and 

lateral loads including seismic and wind effects.  The following load combinations and factors were used 

(Table 1).  Wind load combination does not typically control over seismic loads combinations, based on 
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our engineering judgment and due to the shallow profile. To evaluate the remaining bridge life before 

the replacement occurs, we added wind load combination with Strength III Limit State. The analysis is 

based on the following parameters: 

• Live load 90 pounds per square foot 

• Wind load per AASHTO standard with 115 mph wind speed and exposure B 

• Seismic loads per AASHTO standard response spectrum with an assumed site Class D 

Table 1 Load Combination Factors 

Limit State Dead Load Live Load Wind Load Earthquake Load 

Strength I 1.25 1.75  0 

Strength III 1.0  1.0  

Extreme I 1.0 0  1.0 

 

Due to member connections’ unknown conditions, fatigue check at these connections was not 

performed. For the existing bridge, strength and extreme event limit state load combinations should 

provide reasonable quantifications for the structural safety evaluation. 

Material Properties 

• Structural steel yield strength:  

o ASTM A441 steel: Fy=36 ksi  

o ASTM A36 steel:  Fy=36 ksi 

• Concrete:  f’c=4,000 psi 

• Steel Reinforcement:  Fy=40 ksi 

• Allowable soil bearing pressure:  400 pound per square foot 

Capacities 

The primary member capacities were evaluated based on the current bridge design codes, using the 

material properties assumed above. For the wide flange beams, top flange thickness is reduced by 50 

percent. For the pier pipes, the section thickness is reduced to 0.18 inches.   

Structural Analysis 

Structural analysis was performed using CSI Bridge software to evaluate the load demands. The 

structural analysis assumed fixed foundation conditions without considering soil responses, and the 

section reduction was not considered in the model. This is a reasonable assumption considering that 

significant corrosions occurred at isolated locations.  
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Figure 11 Existing Bridge Analysis Model 

Summary of Assessment Results 

Table 2 summarizes the capacity over demand (C/D) ratios under existing conditions after section 

reductions. For most members, the calculated capacity exceeds the demand, which indicates member 

sufficiency. Note that the CD ratios are for the primary structural members only.  Structural connections 

are not evaluated due to unknown design detail and current conditions. These may affect the 

assumptions for the analysis model, and therefore affect the analysis results.   

Table 2 Summary of Capacity over Demand (C/D) ratios 

Major Components     
Strength I Limit 

State 
Extreme I limit 

State 
Strength III limit 

State 

  Unit 
Capacity 

( C ) 
Demand 

(D) 
C/D 

Demand 
(D) 

C/D 
Demand 

(D) 
C/D 

Beam WF14X34 Flexural ksi 26.93 29.44 0.91 5.62 4.79 13.04 2.07 

Beam WF14X34 Shear kips 80.45 13.23 6.08 4.52 17.80 5.76 13.97 

Beam WF10X25 Flexural ksi 20.90 40.82 0.51 8.63 2.42 18.95 1.10 

Beam WF10X25 Shear kips 49.39 10.28 4.80 3.15 15.68 4.3 11.49 

Pipe Support  Unitless 1.00 1.13 0.89 0.43 2.35 0.52 1.92 

Beam C12X20.7 Flexural ksi 36.00 16.97 2.12 8.93 4.03 4.04 8.91 

Beam C12X20.7 Shear kips 65.36 3.61 18.10 2.28 28.67 2.13 30.68 

Foundation Bearing ksf 0.4 3.01 0.13 2.06 0.00 1.94 0.21 
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Table 3 Live Load Rating Summary 

Major Components       Live Load Rating 

  Unit 
Capacity 

 ( C ) 

Dead Load 

Demand 

 (D_DL) 

Live Load 

Demand (D_LL) 

Load Rating Factor 

(LR) 

Beam WF14X34 Flexural ksi 26.93 10.75 18.69 0.87 

Beam WF14X34 Shear kips 80.45 5.10 8.13 9.27 

Beam WF10X25 Flexural ksi 20.90 15.68 25.15 0.21 

Beam WF10X25 Shear kips 49.39 3.79 6.49 7.02 

Pipe Support  Unitless 1.00 0.33 0.80 0.84 

Beam C12X20.7 Flexural ksi 36.00 4.175 12.80 2.5 

Beam C12X20.7 Shear kips 65.36 2.875 0.74 85.0 

Foundation Bearing ksf 0.4 1.59 1.42 Negative 

Some equations for the Tables 2 & 3 are: 

Pipe combined axial, flexural, and shear check: Pu/Pr+8/9(Mux/Mrx+Muy/Mry)+(Vu/Vr)^2<1 

Beam flexural check: fbu+fl/3<frc 

Pedestrian live load rating factor LR=(C-D_DL)/D_LL 

Where Pu, Pr represent axial load and reisance 

               Mu, Mr represent moment load and resistance in the direction considered 

               Vu, Vr represent total shear load and resistance 

 Fbu, fl, and frc represent vertical flange compression stress from load, lateral flange 

compression stress from load, and flange compression resistance 

As shown in Table 2 above, the superstructure’s wide flange beams, substructure pipe support and 

foundation bearings have less capacity than Strength 1 Design demands, which includes full pedestrian 

loads. The foundation bearing is not sufficient for all load combinations. To further evaluate the existing 

bridge’s capacity to carry pedestrian loads, the live load rating factors are summarized in Table 3. The 

wide flange beam (WF10X25) near the park side can only support 20 percent of the design live load, 

while the main span crossing BNSF (WF14X34) can support 87% of the design live load.  

Because corrosion will continue to reduce the flange thickness, the superstructure beam will reach a 

buckling limit, defined by 0.56*sqrt(E/Fyc), where E is the steel modulus of elasticity and Fyc is the steel 

yield stress. The remaining life of the bridge superstructure can be estimated by this buckling limit and 

the corrosion rate. Table 4 shows steel the corrosion rate under different exposure conditions. While the 

bridge beams are typically in the atmospheric category, considering that corrosion occurs at the gap 

between the concrete panel and steel beam, and moisture accumulated inside may change the 

corrosion rate, it is reasonable to assume the corrosion rate of 0.006 inches per year.  

Table 4 Steel Corrosion Rate (WSDOT BDM Table 6.7-1) 

Location Marine or Non-Marine: Corrosive  Non-Marine: Non-Corrosive 

Soil embedded zone (undisturbed soil) 0.001 0.0005 

Soil embedded zone (undisturbed soil) 0.0015 0.00075 

Immersed zone 0.003 0.0015 

Tidal zone 0.004 - 

Splash zone  0.006 - 

Atmospheric 0.002 0.001 

 

The estimated life for the WF10X25 beam is 6.5 years, and three years for the WF14X34.  One pier steel 

pipe has a pitted corrosion at the base. Debris and moisture accumulation trapped inside the pipe can 
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accelerate the deterioration. We recommend a repair to be scheduled immediately. Repair of pipe base 

can be done by field welding a patch or a sleeve. 

Conclusions 

The primary findings from the assessment are deterioration at different connection locations.  These 

locations are not readily accessible for periodic maintenance. Deterioration in steel material includes 

corrosions at the top flange between the concrete and steel beams, particularly where water can 

penetrate and accumulate, such as joints and anchor bolts. Deterioration in concrete material includes 

cracking and spalling. 

Our observations of the bridge were based on visual inspection and instrument measurements of 

effective section thickness, at readily accessible locations. Due to the height of the bridge and active 

tracks below the bridge, some critical connections between the steel beams and the supporting piers 

below the deck were not visible.   

The structural analysis with reduced sections indicates some deficiencies in the wide flange beam at the 

parking side approach span, and close to deficiencies at the pipe under the bridge view platform. Both 

locations have moderate to severe corrosions that may further impact their capacities.  

Based on the visibly deteriorated conditions at the structural members and connections, we 

recommend replacing the bridge within three years, although we have not found an immediate need to 

close the bridge. The Immediate work for safety includes Pier A-4 pipe base repair and load limitation 

posting at the parking side entrance. 

 

 

Figure 12 Existing Bridge Pier Locations 

Pier A-4 
Pier A-3 
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BRIDGE INSPECTION REPORTS



Agency:

7/24/2017

Printed On:

CD Date:

ReleasedStatus:

BRG-079

BRIDGE INSPECTION REPORT

10/6/2017 City/Other Park, Forest, or Reservation
Agency

Roman G. Peralta

NPRRIntersecting

4ofPage 1

08567700 CARKEEK PARK PED /RRSID Br. NameBr. No.

Program Mgr:

Carrying PEDESTRIAN

CD Guid: dd7cc383-0312-421c-bb55-8a177d457d03

Route On Mile Post

Mile PostRoute Under

Co-Inspector's Signature CEHG0520Cert #KLInspector's Signature

(2694)Measure Clrnc

(2693)Soundings Flag

(1679)Pier/Abut/ProtN

9 (1677)Chan/Protection

Structural Eval (1657)

(1658)Deck Geometry

(1659)Underclearance

(1661)Alignment

(1663)Deck Overall

(1671)Superstructure

(1676)Substructure

(1678)Culvert

9

4

9

5

7

6

9

No Utilities (2675)

Bridge Rails (1684)

Transition (1685)

Guardrails (1686)

Terminals (1687)

Asphalt Depth (2610)

Design Curb Ht (2611)

Bridge Rail Ht (2612)

0

N

N

N

N

0.00

1956

1975 Year Rebuilt (1336)

(1332)Year Built

Sufficiency Rating

No Risk Category Geometric

Hrs Rep TypeFreq Date

Inspections Performed:

1.0 Routine24 5/13/2015

Special

Fract Crit

UW

Interim

UWI

Damage

Safety

Short Span

In Depth

24 1.0 6/9/2016

12 1.0 5/26/2017

Operating Level (1660)

(1293)Open/Closed

(1662)Waterway

(1680)Scour

(2688)Revise Rating

(2691)Photos Flag

9

N

0 (1552)

(1553)Op RF

(1555)Inventory Tons

(1556)Inv RF

0

Operating Tons

(2695)QA Flag

Cert Exp Date 5/11/2022

Element Description CS 1UnitsTotalElement

BMS Elements

CS 2 CS 3 CS 4

12 Concrete Deck 545 SF 241 4 300 0

90 Steel Rolled Girder 238 LF 236 0 2 0

202 Steel Pile/Column 10 EA 5 0 5 0

215 Concrete Abutment 15 LF 15 0 0 0

221 Concrete Foundation 5 EA 5 0 0 0

231 Steel Pier Cap/Crossbeam 35 LF 35 0 0 0

260 Steel Sidewalk & Supports - Open Grid 600 SF 600 0 0 0

340 Metal Pedestrian Railing 198 LF 198 0 0 0

904 Organic Zinc/Urethane Paint System 12,000 SF 12,000 0 0 0

Notes



Agency:

7/24/2017
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08567700 CARKEEK PARK PED /RRSID Br. NameBr. No.

Program Mgr:

Carrying PEDESTRIAN

CD Guid: dd7cc383-0312-421c-bb55-8a177d457d03

Route On Mile Post

Mile PostRoute Under

Notes (Continued)

0 7/24/2017 - added repair recommendation for BE 090, Steel Rolled Girder, west stair landing, 1" X 2" rusted web section loss.   

05/26/17, Safety Inspection, KL/CEH, 1 P.M., 73°F., Sunny.

Orientation

* BRG-079 spans west to east crossing-over R/R tracks.  The west end is near Puget Sound.  The east end is near the parking lot.

* For this report:  Structure components moving west to east:
Starting parallel to R/R tracks heading north:  W. Abut, ST1, P1, ST2, P2, ST3, P3, turning 90 degrees east over R/R tracks, SS1, 
P4, SS2, P5, SS3, and E. Abut at Carkeek parking lot.

ST= stairways.  SS = superstructure spans.  P = steel A-frame post piers.

Seattle Parks is bridge owner.

* TW66864/F49

3 General Notes

* Portions of bridge painted in 2009 except for the bents and spans over the R/R tracks.
* Verify SQ of open grid
* Fence fabric replaced with a green, vinyl coated fabric.

12 Concrete Deck

* Deck panels east of main span - hairline cracks along top and soffit surfaces - Continue to Observe (CTO).

* Typical along soffit surfaces - spalls w/exposed rebar and hairline cracking with rust stains - CTO.

* Panels connections to structural beam are secured to steel girders via weld tabs. In some cases weld tabs have broken.

* Top of east approach deck panels have been ground down in 2 locations to achieve smooth transition between panels.

* Main span - transverse hairline cracks along middle of precast panel typical - CTO.
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Notes (Continued)

90 Steel Rolled Girder

* E-end:  girder connections to E-abutment concrete seat are covered in organic debris - Recommendation:  remove debris to limit 
corrosive environment.

* E-end: girder flange interior surfaces are corroding - CTO.

* Span over R/R tracks:  girder corrosion - Recommendation:  paint following manufacturers' surface prep requirements.

* South side, bottom flange is bent at 2 locations:  above the west track and near the west abutment - CTO.

* Span above R/R tracks: tension rods appear loose - CTO.

* Tension rods above R/R tracks:  paint worn down to either the galvanized finish or to bare, metal substrate.  From a distance, 
could not confirm  corrosion - CTO.

* Below deck cross-bracing L-sections are corroding with visible section loss - Recommend - paint following manufacturers' surface 
prep requirements.

* Steel diaphragms top of piers - corrosion along flange edges and at bolted connections - Recommend - spot paint following 
manufacturers' surface prep recommendations.

* At the west stair, about 1" x 2" rusted web section loss near top of east steel channel beam of stairway - Recommendation:  repair 
to remove the wobble in the landing.  

* C-section beams supporting stairway landings - failed protective coatings along hard to reach interior areas - Recommendation - 
paint following manufacturers' surface prep requirements.

202 Steel Pile/Column

* Steel post columns adjacent to RR tracks show moderate corrosion.  Recommendation - paint following manufacturer's surface 
prep recommendations.

* Pier posts lateral bracings - failing protective coatings - typical - CTO.

* Pier 3 post to concrete pedestal connections, immediately west of R/R tracks - protective coating worn away from the two base 
plates.  Pitted corrosion along post to plate interfaces.  Recommendation - paint bolted connection plates following manufacturer's 
surface prep recommendations.

* Pier 4 post to concrete pedestal connections - immediately east of tracks - connections covered with R/R ballast

215 Abutment

East abutment:  See Steel Rolled Girder at east abutment connection concerning debris on top of anchor bolt connections.

221 Concrete Foundation

* Post connections to concrete pedestals are covered with debris at Piers 1, 2, and 4.  Recommendation:  remove debris to reduce 
corrosive environment and assist in visual inspections of these connections.  If protective coatings are worn away, paint following 
the manufacturer's surface prep requirements.

231 Steel Caps

* Steel caps and connection plates at Piers 3 (west of tracks), Pier 4 (east of tracks) and Pier 5:  caps and connections are 
corroding.  Recommendation:  paint following the manufacturer's surface prep requirements.
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Notes (Continued)

260 Steel Grid (west stairs)

* Top of 2nd landing, E-edge:  pack rust with section loss on the grated landing platform support in contact with the east L-bracket. 
 Recommendation:  paint following the manufacturer's surface prep requirements.  Platform has a slight wobble due to the support's 
section loss no longer fully seated onto the L-bracket.  Consider replacing east L-bracket with a longer top flange. Notify Parks 
Maintenance to evaluate and repair as needed

* Top of 1st landing from the W-abut - E-edge:  cold galvanized paint repair of landing platform ledge - corrosion re-appearing along 
the top edges - Recommendation:  platform has a slight wobble due to support's section loss no longer fully seated onto the L-
bracket.  Consider replacing east L-bracket with a longer top flange. Notify Parks Maintenance to evaluate and repair as needed

* At the landing south of the south most steel bent, the east angle supporting the steel grating is detached from channel at the south 
2 feet - CTO.

340 Metal Pedestrian Railing

* At west stairwell, middle landing, bottom rail of east pipe railing has begun to crack. The crack is at a weld joint and the east 1/2 of 
the rail is cracked - CTO.

* E-end_S-side: From the east, 9th fence section - corroded, section loss at lower horizontal rail to post interface - Recommend - 
either replacing lower rail, splicing new lower rail section to post, or adding new short vertical member securing lower rail to beam. 
 Notify Parks Maintenance to evaluate and repair as needed

904 Paint

* See notes under steel rolled girder, caps and columns.

* Fence posts and rails - typical throughout - sporadic chipped, flaking paint down to previous paint coat - no corrosion- CTO

Repairs

Repair No Pr R Repair Descriptions Noted Maint Verified

(No repairs for this structure)

Inspections Performed and Resources Required
Report Type Date Freq Hrs Insp CertNo Coinsp Note

Routine 5/13/2015 24 JMO1.0 G0101 AM 5/13/15, Routine Inspection, JMO/AM.

Interim 6/9/2016 24 JMO1.0 G0101 KL Interim Inspection, JMO/KL.
6/09/2016, 11:30 AM; 60°F+/-, overcast.

Primary Safety 5/26/2017 12 KL1.0 G0520 CEH 05/26/17, Safety Inspection, KL/CEH, 1 P.M., 73°F., Sunny

Informational 5/26/2017 KL1.0 G0520 CEH 7/24/2017 - added repair recommendation for BE 090, Steel
Rolled Girder, west stair landing, 1" X 2" rusted web section
loss near top of east channel beam of stairway.
Recommendation:  this landing's wobble warrants a closer look
at a repair.
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Inspections Performed

Condition 1.0 PZ G1808 GF5/6/2020 12

1975 Year Rebuilt

(1332)Year Built1956

(1336)

0.00 Asphalt Depth (2610)

0 No Utilities (2675)

No Risk Category

NBIS Risk Category

Operating Level (1660)

(1293)Open/Closed

0 (1552)

(1553)Op RF

(1555)Inventory Tons

(1556)Inv RF

0

Operating Tons

(1659)Underclearance4

9 Deck Geometry (1658)

(1657)Structural Eval

Bridge Rails (1684)

Transition (1685)

Guardrails (1686)

Terminals (1687)

Bridge Rail Ht (2612)

N

N

N

N

(2611)Design Curb Ht

(1679)Pier/Abut/ProtN

9 (1677)Chan/Protection

(1661)Alignment

(1663)Deck Overall

(1671)Superstructure

(1676)Substructure

(1678)Culvert

9

5

6

6

9

N Scour (1680)

9 Waterway (1662)

Inspection Flags

QA Flag (2695)Photos (2691)Revise Rating (2688)Measure Clearance (2694)Soundings (2693)

Element Description CS 1UnitsTotalElement

BMS Elements

CS 2 CS 3 CS 4

12 Concrete Deck 545 SF 241 4 300 0

90 Steel Rolled Girder 238 LF 168 0 70 0

202 Steel Pile/Column 10 EA 5 0 5 0

215 Concrete Abutment 15 LF 15 0 0 0

221 Concrete Foundation 5 EA 5 0 0 0

231 Steel Pier Cap/Crossbeam 35 LF 30 0 5 0

260 Steel Sidewalk & Supports - Open Grid 600 SF 590 0 10 0

340 Metal Pedestrian Railing 198 LF 193 0 5 0

904 Organic Zinc/Urethane Paint System 12000 SF 1000 0 10000 1000

Notes
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0 Orientation

Seattle Parks Owned.

* Bridge spans west to east crossing over RR tracks.  The west end is near Puget Sound.  The east end is near the parking lot.

* Stairs & landings west of RR tracks oriented south to north.  

* TW66864/F49 (old charge code), TRR0008-R0809 (new speedtype)

3 General Notes

* Establish a cleaing plan that will be implemented every 24 months to prevent corrosion.

* At main span, NW &SW steel throw fence rail posts - heavy corrosion with holes forming at the top of both throw fence posts. 
 Recommendation - Cut out corroded portions of posts, weld in new sections and paint.

12 Concrete Deck (Precast concrete deck panels) Inspected from ground surface.  Did not have access to soffits.

* Deck panels east of main span - hairline cracks along top & soffit surfaces.

* Top of east approach deck panels have been ground down in 2 locations to achieve smooth transition between panels.

* Main span - transverse hairline cracks along middle of precast panel typical.

90 Steel Rolled Girder

* Packrust typical between weld tab embedded in concrete deck panels & top of girder.

* East end, consistently along top flange - corrosion and section loss (up to 1/8" loss on width of flange).  Recommendation - clean & 
paint w/ zinc. 

* Span over RR tracks - moderate corrosion.  Recommendation - clean & paint.

* Cross brace rods over RR tracks and span east of RR tracks - heavy corrosion.  Recommendation - clean & paint.

* C-section beams supporting stairway landings - failed protective coatings along hard to reach interior areas.  Recommendation - 
clean & paint.

202 Steel Pile/Column

* Packrust at exposed column base plates.  At some locations, base plates are fully buried.  Recommendation - Remove soil and 
debris and clean and paint base plates.

215 Abutment
* Dirt and debris on top of east abutment.  Recommendation - Remove debris, paint with zinc.

221 Concrete Foundation

* Footings are fully buried not visible.

231 Steel Caps
* Steel caps above columns - corrosion along flange edges along length of cap and at bolted connections. Recommendation - paint.

260 Steel Grid (west stairs)

* At the lower landing, at east end of steel grating, at extreme south face - minor section loss above east angle.
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340 Metal Pedestrian Railing

* Stairway, middle landing, bottom rail of east pipe railing has begun to crack. The crack is at a weld joint and the east 1/2 of the rail 
is cracked.

* Stairway, railing was measured at 36 inch height.  Current IBC and AASHTO standard is 42 inch height.  Recommendation - 
Consider retrofit of railing at stairway.  

* East approach to main span, south rail, bottom tube has corrosion.

904 Paint (Portions of bridge painted in 2009 except for the bents and spans over the RR tracks)

* Recommendation - Clean and paint girders, caps and columns per manufacturers' preparation requirements.

Repairs

Repair No Pr R Repair Descriptions Noted Maint VerifiedBMS

10000 1 B Remove debris from abutment at the bearing area to prevent
corrosion.

5/6/2020

10001 2 B Repair deck fence supports that have section loss 5/6/2020

10002 1 B Clean and complete spot painting with zinc to slow corrosion. 5/6/2020

Inspections Performed and Resources Required
Report Type Date Freq Hrs Insp CertNo Coinsp Note

Condition 5/6/2020 12 PZ1.0 G1808 GF 05/06/2020, Condition Inspection, PZ/GF, 10:00 A.M., Sunny,
60°F.
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The City of Seattle 

Seattle Parks and Recreation (SPR) 

Carkeek Park Pedestrian Bridge Replacement Feasibility Study 

Site Visit Memorandum 

Time: 11:00 AM to 1:00 PM 

Date: October 19, 2020 

Location: Carkeek Park, 950 NW Carkeek Park Road, Seattle, WA 98177 

Attendees:   

Name Organization Role Notes 

Colin Campbell SPR Project Manager  

Ted Orr SPR  Maintenance  

Eduardo Aban SPR  Engineer  

Jane Li RHC  Project Manager  

Jimmy Chen RHC  Structural Lead  

John Vaudreuil RHC  Senior Engineer  

Stephen Van Dyck LMN Lead Architect  

Adam Amrhein LMN Urban Design Lead  

Scott Crawford LMN Principal Designer  

Rives Kitchell LMN Project Architect  

Kerem Kalkay Shannon & Wilson Geotechnical Engineer  

 

The site visit started with the whole group conversation standing in a big circle at the lawn area for social 

distancing. Everyone had the mask on.  Ted Orr introduced the bridge history. After a brief conversation, the group 

was divided into two sub-groups to the bridge site. The summary of this site visit includes major topics discussed 

during the field meeting.  
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Meeting Notes: 

Bridge History and Discussions for Bridge Replacement 

Ted introduced the recent bridge maintenance history, and difficulties in access to the 

braced piers for maintenance.  

 

Several guardrails, bracings and pipes have been through repairs and replacement, 

especially at the bridge end platform area. Bracing was tightened from the accessible end. 

Painting is by the SPR maintenance crew and typically to accessible members from the 

bridge top.  

 

Stephen asked about the stair grid deck and how it was procured. Ted mentioned 

fiberglass deck for low maintenance, and that no records showing whether the existing 

galvanized steel grid was a separate bid item or not, and whether it was daylight 

requirement related or not.  

 

Jimmy asked about painting frequencies and access. Bridge maintenance over BNSF adds 

costs from BNSF staff coordination hours. Trains pass over 10 times a day, and each train is 

typically miles long. During the team’s time there, there were at least two trains passing by 

in the opposite directions. 

 

Jane asked about the original construction access records. It was not known how the 

existing bridge was built and the construction access was achieved. There was no record 

on the latest bridge construction date.  The date shown on the as-built drawings may not 

reflect the actual construction time.  

 

Colin mentioned that replacing the bridge in the existing footprint if possible. 

Coordinating with BNSF is needed for extending the bridge footprint and keeping the 

existing bridge open during construction. The group discussed ways to reduce BNSF 

constraints if possible for speedy construction. 

 

Ted mentioned how heavily used the bridge is by school and children groups during the 

day midweek, in addition to the heavy weekend and evening use. 

Group discussed that the bridge is used both for access to the beach, as well as a 

viewpoints towards the water and especially towards the trains passing below. Group 

discussed how the views of trains is especially important for young children and attracts 

them from both the beach and playground sides of the bridge. 

 

 

Existing Bridge Condition 

• The deck was made from precast panels bolted onto the top flange; the top flange 

has significant corrosion at the panel joints and bolt connection area. The deck 

concrete has cracking, spalls at the anchor area, and fluorescent water stain 

underneath. 

• The chain link fence enclosure and the diagonal braces are different from the as-

built plans.  

• The steel grid stair was much about a structural consideration instead of 

environmental consideration when the bridge was built. 

 

Site Condition: 

• ADA access is not required for beach access. Stephen proposed a forward 

compatibility approach to consider the possibility in the future.  
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• ADA access is required at the parking side. The trail at south of the bridge is not 

ADA accessible. Therefore an ADA connection to the trail to south is not needed. 

• Approaches for construction access include land, water and air access. Land access 

from the parking lot requires close coordination with BNSF. Water access through 

a barge may trigger additional environmental permits, and also need to look at 

how close the barge can access to the beach. Jimmy mentioned a past project 

example with helicopter lifted materials and components for construction.  

• The team has agreed that AASHTO LRFD Guide Specifications for Pedestrian 

Bridges should be used for this project. 

• Seismic liquefaction is likely at the bridge site. Tsunami effect does not need to be 

considered and is not required by the AASHTO standard. 

 

 

 

 

BNSF: 

• Group discussed the possibility of at least eliminating one pier that is located 

inside the BNSF fence causing challenging maintenance access. 

• The existing bridge does not meet BNSF vertical clearance requirements. Two 

existing dents were observed and were recorded in the inspection reports. 

• Stephen mentioned LMN’s other projects that took a long time to coordinate with 

BNSF. 

 

 

Replacement Discussions: 

• Due to the BNSF coordination requirements and train schedule, rapid construction 

will be beneficial. Consider using prefabricated superstructure and substructure, if 

possible.  

• The existing pier near the BNSF fence will be eliminated due to difficulty in 

maintenance access. 

• Foundation construction at the beach side is challenging due to access issues. 
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The City of Seattle 

Seattle Parks and Recreation (SPR) 

Carkeek Park Pedestrian Bridge Replacement Feasibility Study 

Kick-Off Meeting 

Time: 10:00 AM to 11:00 AM 

Date: October 15, 2020 

Location: Virtual online through Microsoft Teams Meeting 

Attendees:   

Name Organization Role Notes 

Colin Campbell SPR Project Manager  

Jane Li RHC  Project Manager  

Jimmy Chen RHC  Structural Lead  

John Vaudreuil RHC  Senior Engineer  

McKenna Miller RHC  Project Coordinator  

Stephen Van Dyck LMN Lead Architect  

Adam Amrhein LMN Urban Design Lead  

Scott Crawford LMN Designer  

Rives Kitchell LMN Project Architect  

Bill Perkins Shannon & Wilson Lead Geotechnical Engineer  

Kerem Kalkay Shannon & Wilson Geotechnical Engineer  

 

  



Page 2 of 2 

 

Meeting Notes: 

Project overview  

The initial part of the project will be the assessment of the current bridge. Due to maintenance 

reports, the bridge is in need of replacement, funding and the future is uncertain right now, so 

Parks is determining what is a ‘now’ versus a ‘wait’ project.  

Approach to construction and cost will both be important for replacement development, with the 

goal to reduce community impact if possible, a major constraint is cost. 

Eduardo and Ted will be on site Monday to answer more technical-based questions.  
 

Colin 

Project Schedule 

• The project schedule is about four months with first 60 calendar days focusing on 

assessment and alternatives development and second 60 calendars on concept report. 

Monday is the site visit. December 8th is set to present the replacement alternative for 

Parks’ approval. Report of existing structures assessment will be about 30 calendar days 

after notice to proceed (aim is the beginning of November).  

• Consider weekly check-in with the tight schedule. 

• Working with integrated team including Colin to help get consistent feedback/dialogue 

and build a shared vision during weekly check-in, possibly moving over to Zoom and 

away from Microsoft Teams as it is more fluid to editing while in meetings.  

• Consultant to set up Zoom Meetings as Colin can’t set up via Zoom 

Jane  

 

 

 

 

 

 

Jimmy 

 

Stephen 

 

 

Colin 

Project Goals and questions: 

• Connecting the place as a feature of the park to welcome people is a major bonus/goal. 

ADA access to the beach is not required due to the nature of the beach per City’s ADA 

coordinator. A viewpoint on the bridge for ADA access is ideal. 

• SPR concurrent projects in the park:  SPR is working on the playground at Carkeek but is 

not anticipating any conflicting. Collin can provide the playground project information if 

needed 

• Funding source will be from local taxes. The consultant team could support additional 

federal funding application. 

• The bridge would be replaced in place, the project team will look at BNSF agreement for 

options, SPR will provide CAD survey data later.  

• To determine using IBC or AASHTO design code for the bridge, Colin will check with SPR 

engineers. 

• BNSF agreement coordination: safer to use existing agreement before attempting to 

request a new agreement. 

 

Colin & team 

 

 

 

 

 

 

Site Visit: 

• The gates at Carkeek Park should be opening on Monday. If the gates aren’t open, Ted 

will be there with a key to let the team in. Can meet by the gates by the entrance until 

then if arriving early. In terms of safety, limited to five people, so have to remain in 

separate groups to accommodate that. The main concern is being outside with other 

families/visitors if the park is open. Want to set a good example as representatives, so 

safety is the main goal.  

• RHC/LMN team members will mingle into two separate groups while there. Gear: Masks 

require d. Yellow safety jacket/vest. No helmet. 

Colin 

 

 

 

 

 

 

Jane and team 

 

 



The City of Seattle 

Seattle Parks and Recreation (SPR) 

Carkeek Park Pedestrian Bridge Replacement Feasibility Study 

 

Initial questions for discussion during kick-off and site visit 

1. How can this project support Seattle Park’s mission? What are SPR’s main goals for the project? 

2. What are the goals around outreach and engagement? Will there be coordination with Tribes?  

3. Are there north/south limits to the bridge alignment? 

4. What is the ADA sphere of influence? 

5. Along the Shoreline, are there known critical constraints about footprints/structures/extents 

that we should start with? 

6. What is the expected integration with existing park spaces and trails? Should the study consider 

opportunities? 

7. Have there been any NEW coordination/agreements between Parks and BNSF? 

8. Does the existing bridge need to be operational during construction? 

9. How did past maintenance access done at the water side? 

10. Will the new bridge walkway be the same width or can it be wider than the existing one? 

11. Does SPR require IBC or AASHTO code for the bridge design? 

 

 



RHC Engineering

  720 3rd Ave Suite 1400

Seattle, WA, 98104

www.rhcengineering.com

206.623.5984

Carkeek Park Pedestrian Bridge

Slab

By GMC,10/28/2020

Checked by  JL, 10/30/2020

1 of 1  

Deck slab 3.5" with #4@9"

h= 3.5 in

b= 12 in

d= 0.5 in

s= 9 in

As= 0.262 in^2

Fy= 40.0 ksi

f'c= 4.0 ksi

c= 1.000 in clearance

Φ= 0.9

ΦMn= 1.67 k-ft

Mu= 0.669 k-ft

OK

Assessment



RHC Engineering

  720 3rd Ave Suite 1400

Seattle, WA, 98104

www.rhcengineering.com

206.623.5984

Carkeek Park Pedestrian Bridge

Wide Flange and Channel

By GMC,1/28/2021

Checked by  JL, 2/5/2021

1 of 2  

Steel Wide Flange Section Capacity

References :

AASHTO LRFD Bridge Design Specifications, 8th Edition, November 2017

AISC Steel Construction Manual, Fifteenth Edition, May 2017

WF10x25 WF14x34 C12X20.7

Secion Area A = 6.09 8.31 6.09 in
2

Depth d = 9.90 13.98 12.00 in

Web thickness tw = 0.25 0.29 0.28 in

Width of flange bf = 5.75 6.75 2.94 in

Flange thickness tf = 0.22 0.23 0.45 in

Elastic section modulus about X-axis Sxx = 16.64 31.04 21.50 in
3

6.5355125

Moment of Inertia about X-axis Ixx = 97.51 248.29 129.00 in
4

Elastic section modulus about Y-axis Syy = 3.63 5.16 1.73 in
3

Moment of Inertia about Y-axis Iyy = 10.43 17.41 3.88 in
4

1) Flexural Resistance of Non-composite steel section

(i) Cross-Section Proportion Limits AASHTO 6.10.2

Web depth D = 9.46 13.52 11.10 in AISC Table 1-1

Web thickness tw = 0.25 0.285 0.282 in

D/tw (without web stiffeners) D/tw = 37.85 47.44 39.36 <= 150 OK AASHTO Eq.6.10.2.1.1-1

D/tw (with web stiffeners) D/tw = 37.85 47.44 39.36 <= 300 OK AASHTO Eq.6.10.2.1.2-1

Width of flange bf = 5.75 6.745 2.942 in

Thickness of flange tf = 0.22 0.23 0.45 in

bf/2tf bf/2tf = 13.07 14.66 3.27 > 12 NG AASHTO Eq.6.10.2.2-1

bf/(D/6) bf/(D/6) = 3.65 2.99 1.59 > 1 OK AASHTO Eq.6.10.2.2-2

tf/(1.1tw) tf/(1.1tw) = 0.80 0.73 1.45 <= 1 NG AASHTO Eq.6.10.2.2-3

Inertia of compression flange about vertical axis Iyc = 0.01 0.01 0.02 in
4

Inertia of tension flange about vertical axis Iyt = 0.04 0.05 0.02 in
4

Iyc/Iyt Iyc/Iyt = 0.12 0.13 1 >= 0.1 OK AASHTO Eq.6.10.2.2-4

<= 10 OK

Slenderness ratio for the compression flange λf = 13.07 14.66 3.27 λf = bfc/2tfc AASHTO Eq.6.10.8.2.2-3

Modulus of Elasticity E = 29000 29000 29000 ksi

Minimum Yield stress of compression flange Fyc = 36 36 36 ksi

Limiting slenderness ratio for compact flange λpf = 10.79 10.79 10.79 λpf = 0.38*SQRT(E/Fyc) AASHTO Eq.6.10.8.2.2-4

Limiting slenderness ratio for noncompact flange λrf = 15.89 15.89 15.89 λrf = 0.56*SQRT(E/Fyc)

(ii) Local Buckling Resistance of Compression Flange

2Dc/tw= 38 47 39

λrw 161.78 161.78 161.78 =5.7sqrt(E/Fyc)

awc= 1.87 2.48 2.36 2Dc*tw/bfc/tfc=D*tw/bf/tf

Web load-shedding factor Rb = 1.0 1.0 1.0 AASHTO 6.10.8

Hybrid factor Rh = 1.0 1.0 1.0 AASHTO 6.10.1.10.1

Minimum yield strenth of compression flange Fyc = 36 36 36 ksi MBE Table 6A.6.2.1-1

The local buckling resistance Fnc(FLB) = 31.17 27.80 36.00 ksi Fnc = RbRhFyc AASHTO Eq.6.10.8.2.2-1

(iii) Lateral Torsional Buckling

Depth of web in compression in the elastic range Dc = 5.86 8.00 6.00 in

Width of compression flange bfc = 5.75 6.745 2.942 in bfc = bf for rolled shapes

Thickness of web tw = 0.25 0.285 0.282 in

Thickness of compression flange tfc = 0.22 0.23 0.45 in tfc = tf for rolled shapes

Effective radius of gyration for lateral tosional buckling rt = 1.41 1.60 0.71 in AASHTO Eq.6.10.8.2.3-9

Limiting unbraced length Lp = 3.33 3.77 1.68 ft Lp = 1.0rt*SQRT(E/Fyc) AASHTO Eq.6.10.8.2.3-4

Unbraced Length provided Lb = 13.75 12.5 1 ft

Lb > > < Lp

Comp. flange stress at the onset of nominal yielding Fyr = 25.2 25.2 25.2 ksi  = MIN(0.7Fyc,0.7Fyw) [Fyc=Fyw]AASHTO 6.10.8.2.3

Limiting unbraced length to achieve the onset of yielding Lr = 12.52 14.17 6.32 ft Lr = π*rt*SQRT(E/Fyr) AASHTO Eq.6.10.8.2.3-5

Lb > < < Lr Non Compact Unbraced Length

Moment gradient factor Cb = 1 1 1 Conservative

(Lb-Lp)/(Lr-Lp) = 1.13 0.84 -0.15

Fyr/RhFyc = 0.7 0.7 0.7

Fcr= 20.9 32.4 36.0 ksi CbRbπ^2E/(Lb/rt)^2

Lateral Torsional Buckling resistance due to LTB Fnc(LTB)= 20.9 26.9 36.0 ksi AASHTO Eq.6.10.8.3.2.3-2

The nominal flexural resistance of comp. flange Fnc = 20.9 26.9 36.0 ksi Fnc = MIN(Fnc(FLB),Fnc(LTB)) For Compression flange

The nominal flexural strength Mn = 28.98 69.67 64.50 kip-ft Mn = Fnc*I/y

Assessment



RHC Engineering

  720 3rd Ave Suite 1400

Seattle, WA, 98104

www.rhcengineering.com

206.623.5984

Carkeek Park Pedestrian Bridge

Wide Flange and Channel

By GMC,1/28/2021

Checked by  JL, 2/5/2021

2 of 2  

Resistance factor φf = 1.00 1.00 1.00 AASHTO 6.5.4.2

Factored Flexural strength Mr = 29.0 69.7 64.5 kip-ft Mr = φfMn

2) Shear Resistance of Non-comnposite Steel section

(i) Unstiffened Section

Minimum yielding moment for web Fyw = 36 36 36 ksi MBE Table 6A.6.2.1-1

Thickness of web tw = 0.25 0.285 0.282 in

Shear buckling coefficient k = 5.0 5.0 5.0 AASHTO 6.10.9.2

Web depth D = 9.4625 13.52 11.1 in

D/tw = 37.85 47.44 39.36

1.12*SQRT(Ek/Fyw) = 71.08 71.08 71.08

D/tw <= <= <= 1.12*SQRT(Ek/Fyw) 

Ratio of shear buckling resistance to shear yield strength C = 1 1 1 AASHTO Eq.6.10.9.3.2-4

Plastic Shear Force Vp = 49.39 80.45 65.36 kips Vp = 0.58FywDtw AASHTO Eq.6.10.9.2-2

Shear yielding or shear buckling resistance Vn =Vcr = 49.39 80.45 65.36 kips Vcr = CVp AASHTO Eq.6.10.9.2-1

Resistance factor for shear φv = 1.0 1.0 1.0 AASHTO 6.5.4.2

Factored Shear resistance Vr = 49.4 80.5 65.4 kips

Assessment



RHC Engineering

  720 3rd Ave Suite 1400

Seattle, WA, 98104

www.rhcengineering.com

206.623.5984

Carkeek Park Pedestrian Bridge

PIPE

By GMC,01/28/2021

Checked by  JL, 2/5/2021

1 of 1  

Shear

Vn=0.5FcrAg 6.12.1.2.3c-1

Fcr=max(min(1.6E/sqrt(Lv/D)/(D/t)1.25, 0.58Fy), min( 0.78E/(D/t)^1.5, 0.58Fy))

Fy= 36 36 ksi

E= 29000 29000 ksi

Do= 6.625 6.625 in

t= 0.432 0.18 in

Lv= 23.75 23.75 ft

Fcr= 20.88 20.88 ksi

Ag= 8.40 3.68 in^2

Ig= 40.49 18.62 in^4

Vn= 87.75 19.20 kips

Φv= 1.00 1.00

ΦvVn= 87.75 19.20 kips

Flexural

Mn=Mp=FyZ for D/t<=0.07E/Fy 6.12.2.2.3-1

D/t= 15.34 37.48

0.45E/Fy= 362.5 362.5

0.31E/Fy= 249.7 249.7

0.07E/Fy= 56.39 56.39

Z= 11.28 5.91 in^3

Mn= 33.84 17.73 k-ft

Φf= 1.00 1.00

Mr=ΦfMn= 33.84 17.73 k-ft

Compression

Pr=ΦcPn

Ag= 8.40 3.68 in^2

Φc= 0.9 0.9

λr=

Pe=pi^2*E*Ag/(Kl/rs)^2

K= 1 1

L= 285 285

rs= 2.19 2.25 in

Pe= 142.68 65.63 kips

P0=FyAg= 302.58 132.43 kips

Pe/P0= 0.47 0.50

Pn=P0*0.658^(P0/Pe), if Pe/P0>=0.44

Pn=0.877Pe, if Pe/P0<0.44

Pn= 124.55 56.91 kips

Φc= 0.95 0.95

ΦcPn= 118.33 54.06 kips

As-Built Corroded

Assessment
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Geotechnical Report

































































































       Appendix C

Concept Design Plan
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03  BRIDGE PLAN AND PROFILE

04      TYPICAL SECTIONS

SHEET INDEX
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Lot, Block, Section, etc.

Project Address

855 NW 114TH Street

Seattle, WA 98177

GENERAL NOTES:

Project Site Location

LOCATION MAP
VICINITY MAP

CITY OF SEATTLE - NOT TO SCALE

Also, verify all underground utilities not located by the

811 service by using a commercial location service and

call SPR Inspection Request Line (206) 684-7034.

>>>>CAUTION - CALL 811<<<<

UTILITY NOTIFICATION CENTER

BEFORE YOU DIG!

WWW.CALL811.COM

RHC ENGINEERING

WWW.RHCENGINEERING.COM

720 3RD AVE SUITE 1400

SEATTLE WA 98104

PH: 206.623.5984
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1. A PROFESSIONAL SURVEY IS REQUIRED FOR FINAL PLAN SET.

2. BRIDGE DESIGN CRITERIA:

· AASHTO LRFD GUIDE SPECIFICATIONS FOR THE DESIGN OF

PEDESTRIAN BRIDGES, 2009

· AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, 2017

3. BRIDGE DESIGN LOADS (PRELIMINARY)

· PEDESTRIAN: 90 PSF

· AASHTO H-10 WITHOUT IMPACT

· WIND LOAD: 115 MPH

· SEISMIC LOAD: SDS=1.05, SD1=0.67, SITE CLASS D

4. MATERIALS

· STRUCTURAL STEEL: ASTM A709 GRADE 50W

· REINFORCEMENT: ASTM A706 GRADE 60

· STEEL CABLE: ASTM A586 OR ASTMA603

· STEEL MICROPILE: ASTM A GRADE 36

· CONCRETE DECK: F'C=5000 KSI

· CONCRETE FOUNDATION: CLASS 4000

· MICRO-PILES: ASTM A847

BRIDGE LOCATION
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Also, verify all underground utilities not located by the

811 service by using a commercial location service and

call SPR Inspection Request Line (206) 684-7034.

>>>>CAUTION - CALL 811<<<<

UTILITY NOTIFICATION CENTER
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NOTES:

1. STATION IS ALONG BRIDGE CENTERLINE

2. PROFILE IS ESTIMATED AND SUBJECT TO FINAL SURVEY DATA.
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Also, verify all underground utilities not located by the

811 service by using a commercial location service and

call SPR Inspection Request Line (206) 684-7034.

>>>>CAUTION - CALL 811<<<<

UTILITY NOTIFICATION CENTER

BEFORE YOU DIG!

WWW.CALL811.COM
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720 3RD AVE SUITE 1400

SEATTLE WA 98104

PH: 206.623.5984
45854

J

I

N

G

J
UA

N

 

L

I

R

E

G

I
S

T
E

R

E

D

S

T

R

U

C

T

U

R

A L
  
 
E

N

G

I

N

E

E

R

S
T

A

T

E

 
 

 

O

F

  
 
WA

S

H

I

N

G

T

O

N

CARKEEK PARK

PEDESTRIAN BRIDGE

REPLACEMENT

4


	Feasibility Study Report
	1. Introduction
	2. Existing Condition and Bridge Assessment
	3. Project Criteria
	4. Environmental Permitting and Documentation
	5. Geotechnical Condition and Foundation Recommendations
	6. Site Condition and Constraints
	7. Park Integration, Trail Alignment, and Approach Landing
	8. Superstructure Replacement Study
	9. Constructability
	10. Cost Estimates
	11. Recommendations and Next Steps

	Appendix A Existing Bridge Assessment
	Appendix A.1 As-Built Plan
	Appendix A.2. Bridge Inspection Report
	Appendix A.3 Field Visit and Other Backup Information

	Appendix B Geotechnical Report
	Carkeek Concept Plan

