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I. EXECUTIVE SUMMARY
The Cleveland Metroparks has identified the need to
modify the existing sidewalks on the Willow Avenue Lift
Bridge (SFN 1869981) to safely accommodate bicycle
and pedestrian traffic using the proposed Lake Link
Trail while not adversely affecting the load carrying
capacity of the bridge or the recent upgrades to the
mechanical and electrical systems. The modified
sidewalks will allow for pedestrians and bicyclists to
cross the Old River Channel from the Flats and access
Whiskey Island via the proposed Wendy Park Bridge,
which will be located just north of the existing structure.
The Willow Avenue Lift Bridge is a vertical lift bridge Photo 1 – East elevation of the Willow Avenue Lift Bridge.
that carries one northbound and one southbound lane
of River Road traffic over the Old River Channel in Cleveland, Ohio. The structure was built in 1965, and
was rehabilitated in 1987 and again in 2010. During the 1987 rehabilitation, the roadway deck was
replaced throughout the structure, along with various other structural components and the entire structure
was painted. Additionally, select mechanical and electrical components were replaced, including the air
buffers and the electrical control system. The most recent major structural rehabilitation work items
included the replacement of the roadway and sidewalk stringers, replacement of the roadway grid deck,
minor concrete patching and steel repairs, and the replacement of the existing concrete filled grid deck
sidewalk with fiberglass open grid deck. Additionally, various mechanical and electrical components were
replaced or refurbished during this rehabilitation, including replacements of the control system, brakes, and
traffic barriers.
BIKE PATH DECK MATERIAL STUDY
A technical study was performed to determine the sidewalk material that is best suited for use on the
proposed bike path on this structure. The materials researched during this study were aluminum open grid
deck, aluminum plank deck, fiber reinforced polymer (FRP) open grid deck, FRP panels, and open grid
deck filled with flexible pavement. The above materials were evaluated on their cost, durability, weight,
rideability, and past performance on similar projects. Based on this study, it was determined that the
aluminum plank deck is the best overall option due to its weight, durability, rideability, and past
performance in use on bike paths. Additionally, it will not require any additional drainage elements to be
installed. Therefore, the aluminum plank deck was used as the bike path decking during the analysis of the
conceptual alternatives in this preliminary engineering study.
DESCRIPTION OF ALTERNATIVES
The following six (6) conceptual alternatives were investigated as part of this study:
•
•

Alternative 1 – Remove and replace existing west sidewalk with new 8' wide bike path, existing
east sidewalk remains
Alternative 2 – Remove and replace existing west sidewalk with new 10' wide bike path, existing
east sidewalk remains
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•
•
•
•

Alternative 3 – Remove and replace existing west sidewalk with new 8' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 4 – Remove and replace existing west sidewalk with new 10' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 5 – Remove and replace existing west sidewalk with new 10' wide bike path inclined at
5% grade longitudinally along truss, existing east sidewalk remains
Alternative 6 – New mixed use (vehicular and pedestrian) vertical lift bridge on new alignment

ANALYSIS OF CONCEPTUAL ALTERNATIVES
Structural Analysis
The lift span and towers were analyzed to determine the effect of the added dead loads and live loads of
each conceptual alternative. The lift span was analyzed for HS20-44 truck and lane loading for Inventory
and Operating levels, and for the Ohio Legal Loads 2F1, 3F1, 4F1 and 5C1 for the Operating levels. In
addition, the effect of two truck trains, one composed of a series of HS20-44 trucks and one of Ohio 5C1
trucks, were considered at the Operating level for the lift span truss, which qualifies as “long span.” The
effects of pedestrian loading at 85 psf were also considered on the sidewalk support elements.
Structural components were analyzed and load rating capacities were calculated using a combination of
hand calculations, spreadsheets, and finite element modeling software. Capacities and dead loads were
calculated by hand and using Excel workbooks. Maximum live load effects (moments and shears) were
found utilizing STAAD.Pro V8i in conjunction with hand calculations. The load rating formulas were applied
inside of specialized Excel workbooks. For the lift span members, conventional LFD rating factors were
calculated; however, due to an absence of live load on the tower members, capacity to demand (C/D) ratios
were calculated using LRFD capacities and load factors. A “baseline” as-inspected rating was performed of
the structure taking into account section losses noted during the 2009 TranSystems in-depth inspection and
Jones Stuckey’s 2014 load rating report. The “as-inspected” rating factors for the lift span are shown below
in Table 1 and the “as-inspected” C/D ratios for the tower are shown in Table 2.
EXISTING CONDITION: AS-INSPECTED CONTROLLING LIFT SPAN RATING FACTORS
Member

HS20
Inv

HS20
Oper

2F1
Oper

3F1
Oper

4F1
Oper

5C1
Oper

Truss Member
Gusset Plate
Floorbeam
Stringer

1.86
1.10
0.50
2.48

2.82
1.56
0.84
3.91

10.53
5.82
1.69
9.17

6.92
3.83
1.14
6.04

5.94
3.29
1.01
5.20

4.32
2.39
1.16
3.88

HS20 Truck 5C1 Truck
Train
Train
1.91
1.08

2.59
1.44

Table 1 – Controlling as-inspected rating factors for lift span members (numbers below 1.0 are red, controlling values are shaded in
yellow).

As the table above shows, the floorbeams on the lift span are currently structurally deficient due to section
loss and should be strengthened as part of this project in order to extend the useful life of the bridge. Note
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that the roadway stringers and floorbeams are not affected by the additional load from the bike path
alternatives, as the added dead and live loads are transferred directly onto the trusses.
EXISTING CONDITION: AS-INSPECTED CONTROLLING TOWER C/D RATIOS
Member Type

Member

Rating Factor

Loading Type

Water Side Column
Land Side Column
Strut

J8-H8, J14-H14
C7-B7, C1-B1
B5-B4, B4-B3

1.00
1.42
1.40

Interaction of Flexure and Compression
Interaction of Flexure and Compression
Tension

Diagonal
Sheave Girder

H14'-G1', H8'-G7'
---

1.75
1.09

Tension
Moment

Table 2 – Controlling capacity to demand ratios for as-inspected tower members (numbers below 1.0 are red, controlling
values are shaded in yellow).

For the existing condition of the towers, the water side (forward) column members J8-H8 and J14-H14,
which are located at the base of the towers, control the rating at a 1.00 C/D ratio.
The controlling rating factors for Alternatives 1 through 4 for the lift span truss members and gusset plates
are presented below in Tables 3 and 4.
LIFT SPAN TRUSS MEMBER CONTROLLING RATING FACTORS
FOR ALTERNATIVES 1-4
Alternative

HS20 Inv

HS20
Oper

Alternative 1
Alternative 2
Alternative 3
Alternative 4

1.77
1.65
1.83
1.73

2.29
2.06
2.39
2.16

2F1 Oper 3F1 Oper 4F1 Oper 5C1 Oper
8.56
7.73
8.94
8.10

5.62
5.08
5.87
5.32

4.83
4.36
5.04
4.57

3.51
3.17
3.67
3.32

HS20
Truck
Train

5C1
Truck
Train

1.53
1.37
1.61
1.44

2.09
1.86
2.19
1.96

Table 3 – Controlling rating factors for lift span truss members for Alternatives 1 through 4 (numbers below 1.0 are red, controlling values
are shaded in yellow).

LIFT SPAN GUSSET PLATE CONTROLLING RATING FACTORS
FOR ALTERNATIVES 1-4
Alternative

HS20 Inv

HS20
Oper

Alternative 1
Alternative 2
Alternative 3
Alternative 4

0.82
0.65
0.90
0.72

1.03
0.81
1.13
0.91

2F1 Oper 3F1 Oper 4F1 Oper 5C1 Oper
3.85
3.01
4.22
3.39

2.53
1.98
2.78
2.22

2.17
1.70
2.38
1.91

1.58
1.24
1.73
1.39

HS20
Truck
Train

5C1
Truck
Train

0.71
0.56
0.78
0.63

0.95
0.74
1.04
0.84

Table 4 – Controlling rating factors for lift span gusset plates for Alternatives 1 through 4 (numbers below 1.0 are red, controlling values
are shaded in yellow).
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As Tables 3 shows, the truss members all have rating factors above 1.0 for Alternatives 1 through 4;
therefore, they have adequate load carrying capacity for the additional loads from the alternatives and will
not require strengthening. Conversely, Table 4 shows that the controlling truss gusset plates rate below
1.0 for Alternatives 1 through 4 and will require strengthening. While the gusset plate members themselves
are quite robust, the gusset plate ratings are controlled by the fasteners connecting the truss members to
the plates. These fasteners will require replacement at select member connections for each alternative.
The controlling C/D ratios for the tower members for Alternatives 1 through 4 are presented below in
Table 5. Under Alternatives 1 and 2, the water side (forward) columns C/D ratios are reduced to a 0.99
due to the additional load from the lift span truss under this modification. The controlling members, J8-H8
and J14-H14 at the base of the tower, are the only members with a C/D ratio below 1.00 and, therefore,
would be the only members that would require strengthening. Note that the controlling C/D ratios for
Alternatives 1 through 4 are very close to the as-inspected ratio. This is because the added dead load from
each alternative, which is the only significant variable affecting the towers, is small compared to the total
dead load on the structure.
CONTROLLING TOWER C/D RATIOS FOR ALTERNATIVES 1-4
Alternative

Member

C/D Ratio

Loading Type

Alternative 1
Alternative 2
Alternative 3
Alternative 4

J8-H8, J14-H14
J8-H8, J14-H14
J8-H8, J14-H14
J8-H8, J14-H14

0.99
0.99
1.00
1.00

Interaction of Flexure and Compression
Interaction of Flexure and Compression
Interaction of Flexure and Compression
Interaction of Flexure and Compression

Table 5 – Controlling C/D ratios for the tower members for Alternatives 1 through 4 (numbers below 1.0 are red,
controlling values are shaded in yellow).

Based on the summary of results presented in Tables 3-5, there is not a significant difference in rating
factors and C/D ratios between the 8' wide and 10' wide bike path options. Therefore, for purpose of
conciseness, only the analysis of Alternatives 2 and 4 are presented in the structural analysis section of this
PES report, as they present the worst load additions due to the 10' wide sidewalk. Please see Volume II of
this report for complete analysis results of Alternatives 1 through 4.
For Alternative 5, the 10' wide bike path is to be installed on a 5% grade. Due to the similar loading, the lift
span diagonal, lower chord, upper chord, and gusset plate rating factors along with the C/D ratios for the
towers will be the same as Alternative 2. However, due to the inclined nature of the bike path, the sidewalk
members for this alternative would be installed on the truss verticals instead of the lower chord gusset
plates. In this configuration, these sidewalk floorbeams will induce a moment into the verticals of the truss.
Therefore, the truss verticals had to be analyzed for combined axial force and moment using an interaction
equation. Table 6 shows the C/D ratios based on the moment-axial interaction equation for Alternative 5.
Note that the combined axial force and moment should be above 1.0 with any value below that signifying
that the member is overstressed.
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ALTERNATIVE 5 - CONTROLLING LIFT SPAN VERTICAL C/D RATIOS
Vertical Member

HS20
Inv

HS20
Oper

2F1
Oper

3F1
Oper

4F1
Oper

5C1
Oper

L0-U0, L10-U10
L1-U1, L9-U9
L2-U2, L8-U8
L3-U3, L7-U7
L4-U4, L6-U6
L5-U5*

1.51
0.72
0.61
0.59
0.77
---

1.57
0.76
0.64
0.62
0.81
---

1.81
0.88
0.73
0.69
0.89
---

1.77
0.86
0.70
0.66
0.85
---

1.75
0.85
0.69
0.65
0.84
---

1.69
0.81
0.66
0.62
0.81
---

HS20 Truck 5C1 Truck
Train
Train
1.47
0.69
0.60
0.60
0.86
---

1.56
0.74
0.61
0.61
0.86
---

Table 6 – Controlling C/D ratios based on the Axial-Moment interaction equation values for lift span verticals for Alternative 4 (numbers
below 1.0 are red, controlling values are shaded in yellow).
*Member L5-U5 is not under compression; therefore, no C/D ratio could be calculated.

As the table shows, eight vertical members on the West Truss would need to be strengthened as part of
this alternative. In addition to strengthening the truss vertical members, the effect of the moment from the 10'
wide inclined sidewalk as part of Alternative 5 on the gusset plates would need to be investigated. The
moment in the vertical would be resolved into the gusset plates at the ends and would induce out of plane
bending of the plate which is only designed to take pure axial forces. Further finite element analysis of the
gusset plate under this loading condition would be required to determine the effects and feasibility of this
alternative.
Fatigue Analysis
The lift span truss, floorbeams, and stringers were also analyzed for the effects of fatigue. Based on the
average daily truck traffic (ADTT) on the structure, the stress range due to the AASHTO fatigue truck, and
the worst fatigue category on the element, the remaining fatigue life was calculated for each member. The
addition of the wider bike path sections as part of the alternatives of this study do not affect the fatigue life,
as none of the five modification alternatives affect the roadway framing configuration.
Mechanical Analysis
An analysis of the mechanical components was also performed to determine the effects of the proposed
alternatives. The effect of the weight additions due to the proposed alternatives on the integrity of the
primary mechanical support components, as well as on the capacity of the prime mover were evaluated for
all the alternatives. From the analysis, all of the mechanical components have sufficient capacity to
accommodate all weight change options from Alternatives 1 through 5. A fatigue analysis of the
counterweight sheave trunnions was also performed to determine the effects of each alternative on the
remaining fatigue life of the trunnions. From the analysis, it was determined that the sheaves must be
symmetrically loaded to avoid greater reductions in fatigue life and any weight added to the west side of the
bridge would need to be balanced by ballast material on the east.
Due to a compound fillet on the trunnion shaft, the calculated fatigue life of the shaft in the as-built condition
(see Figure 1) is 111 years. Analysis of the four alternatives showed that each alternative resulted in a
lower fatigue life, with Alternative 3 having the smallest reduction in fatigue life (10 years) and Alternative 2
having the largest reduction (38 years). Due to the complexity of this non-standard fatigue detail, these
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estimates on the fatigue life were conservatively calculated. A more detailed and refined analysis could be
performed during final design to possibly increase the fatigue life.

Figure 1 – Counterweight sheave trunnion compound fillet detail.

Electrical Analysis
An evaluation was performed to determine the effects of the proposed alternatives on the electrical
components of the bridge. This analysis involved the review of the mechanical machinery loads, the past
testing reports of the existing drive equipment, and consultation with the original installer and the drive
equipment manufacturer. Based on the findings, the existing drives on the bridge are capable of operating
the bridge with the additional anticipated loads induced by all of the bike path modification alternatives.
The drives will be able to start, accelerate, run, and decelerate the span without going into an unacceptable
overload condition. No adjustments to the electrical systems as a result of the additional loads are
anticipated; however, it is recommended that a representative from the drive manufacturer be retained by
the contractor throughout the construction procedure to ensure proper operation of the drives and to make
any necessary adjustments.
EVALUATION OF ALTERNATIVES
Six conceptual alternatives were evaluated as part of this preliminary engineering study based on their cost
and impacts:
Alternative 1 – Remove and replace existing west sidewalk with new 8' wide bike path, existing
east sidewalk remains. Alternative 1 would require the diagonal truss member
fasteners at eight gusset plate locations on the West Truss and four gusset plate
locations of the East Truss to be replaced due to the additional load associated
with the new 8' wide bike path on the west side. Additionally, the water side
(forward) column sections at the bases of the towers would require strengthening
as a result of this alternative. Counterweight sheave trunnion fatigue life would be
reduced to 80 years under this alternative. [Estimated 2018 Cost: $3,317,000]
Alternative 2 – Remove and replace existing west sidewalk with new 10' wide bike path, existing
east sidewalk remains. Alternative 2 would require the replacement of fasteners
on twelve diagonal truss members and two vertical truss members at twelve
gusset plate locations on the West Truss and on four diagonal truss members at
four gusset plate locations on the East Truss due to the additional load associated
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with the new 10' wide bike path. Additionally, the water side (forward) column
sections at the bases of the towers would require strengthening as a result of this
alternative. Counterweight sheave trunnion fatigue life would be reduced to 75
years under this alternative. [Estimated 2018 Cost: $3,809,000]

.
Alternative 3 – Remove and replace existing west sidewalk with new 8' wide bike path, remove
existing steel plate barrier along the West Truss and replace with new traffic
railing, existing east sidewalk remains. Alternative 3 would require the diagonal
truss member fasteners at eight gusset plate locations on the West Truss be
replaced due to the additional load associated with the new 8' wide sidewalk on
the west side. Counterweight sheave trunnion fatigue life would be reduced to 98
years under this alternative. [Estimated 2018 Cost: $2,476,000]
Alternative 4 – Remove and replace existing west sidewalk with new 10' wide bike path, remove
existing steel plate barrier along the West Truss and replace with new traffic
railing, existing east sidewalk remains. Alternative 4 would require the diagonal
truss member fasteners at eight gusset plate locations on the West Truss to be
replaced due to the additional load associated with the new 10' wide sidewalk on
the west side. Counterweight sheave trunnion fatigue life would be reduced to 93
years under this alternative. [Estimated 2018 Cost: $2,565,000]
Alternative 5 – Remove and replace existing west sidewalk with new 10' wide bike path inclined at
5% grade longitudinally along truss, existing east sidewalk remains. Alternative 5
would require the replacement of fasteners on twelve diagonal truss members and
two vertical truss members at twelve gusset plate locations on the West Truss and
on four diagonal truss members at four gusset plate locations on the East Truss
due to the additional load associated with the new 10' wide bike path. Additionally,
eight truss verticals on the West Truss would need to be strengthened. The water
side (forward) column sections at the bases of the towers would also require
strengthening as a result of this alternative. Counterweight sheave trunnion
fatigue life would be reduced to 75 years under this alternative. [Estimated 2018
Cost: $6,377,000]
Alternative 6 – New mixed use (vehicular and pedestrian) vertical lift bridge on new alignment.
Bridge would be built just southeast of the existing structure and would be of very
similar size and geometry. [Estimated 2018 Cost: $90,000,000]
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Alternative 6

New Vertical Lift Bridge
(Vehicular and Pedestrian)

Alternative 5

New 10' Wide West Bike Path
on 5% Incline

Alternative 4

New 10' Wide West Bike Path
Remove Steel Barrier Plate
Along West Truss

Alternative 3

New 8' Wide West Bike Path
Remove Steel Barrier Plate
Along West Truss

Alternative 1

Criteria

Alternative 2
New 10' Wide West Bike
Path

Based on the six alternatives listed above, the following Alternatives Matrix was developed for comparison
of the alternatives:
New 8' Wide West Bike Path

8

$6,377,000

$90,000,000

Provide safe passage with maximum
accessibility to predestrian and bicycle
traffic over Cuyahoga River
Minimize impacts to vehicular and
pedestrian traffic
Provide cost-effective solution within
fiscal constraints of project
(based on 2018 costs)

$3,317,000

$3,809,000

$2,476,000

$2,565,000

Minimize environmental impact

Constructability
Minimize impact on load carrying
capacity of eixsting structural
components
Minimize impact on mechanical and
electrical components
Minimizes weight addition to span

Table 7 – Alternatives Matrix

RED
YELLOW
GREEN

RED boxes indicate the most negative impact
YELLOW boxes indicate moderate impact
GREEN boxes indicate the most positive impact
HATCHED boxes indicate criteria that is not applicable

CONCLUSIONS AND RECOMMENDATIONS
Alternative 4 – New 10' Wide Bike Path, Remove Steel Barrier Plate Along West Truss is the best option
per the matrix. This alternative will allow for maximum accessibility with the 10' wide bike path section at a
reasonable cost, as significant strengthening of the existing structure will not be required. Additionally, this
alternative would only require minor adjustments of the settings of the mechanical and electrical systems.
While the potential reduction in fatigue life of the counterweight sheave trunnions for Alternative 4 is
moderate, this reduction is not as prominent as the reduction for Alternatives 1, 2, and 5 and further
analysis of the compound fillet fatigue detail on the trunnion will potentially increase the remaining fatigue
life of the shaft.
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II. SCOPE OF SERVICES
TranSystems and its subconsultants, Stafford Bandlow Engineering (SBE) and Flanders Engineering
Group (FEG), were contracted by the Cleveland Metroparks to perform the engineering services outlined
below to facilitate the completion of the bike path alternatives study of the Willow Avenue Lift Bridge
crossing the Old River Channel in Cleveland, Ohio.
The scope of services for this project includes the following:
•
•
•
•

•
•

Study and develop six conceptual alternatives and perform preliminary engineering (10%) for each
alternative to determine their impacts and costs.
Perform a sidewalk deck type study to determine the sidewalk material best suited for use on the
bike path on the structure.
Perform a structural analysis of the truss and towers to determine the adequacy of the structure to
carry to additional dead and pedestrian loads from each alternative.
Perform a mechanical fatigue analysis on the sheave trunnions in order to determine their
remaining fatigue life based on the estimated additional weight for the alternatives. Additionally, an
analysis will be performed on the other mechanical components to determine if they have adequate
capacity to accommodate the added weight of each alternative.
Perform an electrical analysis of the bridge operating system logic to determine what changes are
required to ensure proper function of the bridge with the additional weight from the alternatives.
Prepare the Preliminary Engineering Study to determine which of the six alternatives is the most
viable option based on the mechanical, electrical, and structural analyses.

TranSystems contracted with the following firms to assist in completing the above scope of work:
•

Stafford Bandlow Engineering (SBE) Performed analysis of mechanical
systems.

•

Flanders Engineering Group (FEG)

Performed analysis of electrical
systems.
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III. BRIDGE DESCRIPTION
The Cleveland Metroparks has identified the need to
modify the existing sidewalks on the Willow Avenue
Lift Bridge (SFN 1869981) to safely accommodate
bicycle and pedestrian traffic using the proposed Lake
Link Trail. The modified sidewalks will allow for
pedestrians and bicyclists to cross the Old River
Channel from the Flats and access Whiskey Island via
the proposed Wendy Park Bridge, which will be
located just north of the existing structure. The Willow
Avenue Lift Bridge is a vertical lift bridge that carries
one northbound and one southbound lane of River
Road traffic over the Old River Channel in Cleveland,
Ohio.

Willow Avenue Lift Bridge

Location Map

The structure was built in 1965, and was rehabilitated
in 1987 and again in 2010. During the 1987
rehabilitation, the roadway deck was replaced
throughout the structure, along with various other
structural components and the entire structure was
painted. Additionally, select mechanical and electrical
components were replaced, including the air buffers
and the electrical control system. The most recent
major structural work items of the rehabilitation
included the replacement of the roadway and sidewalk
stringers, replacement of the roadway grid deck, minor
concrete patching and steel repairs, and the Photo 2 – East sidewalk of the Willow Avenue Lift Bridge.
replacement of the existing concrete filled grid deck
sidewalk with fiberglass open grid deck. Additionally, various mechanical and electrical components were
replaced or refurbished during this rehabilitation, including replacements of the control system, brakes, and
traffic gates.
The structure is a three-span, vertical lift bridge with a 310′-0″ long through truss lift span and a tower
approach span on either end (see Photo 2), giving the bridge a total length of 379′-4″. At full open, the
bridge raises 85'-8 1/2" to provide 98'-0" clear over the Old River Channel. The bridge is tower driven with
the operator’s house located adjacent to the northeast corner of the bridge. The lift truss is a Pratt truss
with an out-to-out measurement of 40′-10 3/4″, which includes two 3'-7" wide sidewalks.
The truss is comprised of wide flange rolled sections oriented about their weak axis. The floor system
consists of simply supported 21" deep I-beam stringers and 33" deep wide flange floorbeams. The deck
consists of a 51/4" deep, open grid steel deck with concrete cover over the floorbeams. A 3'-2" tall built-up
steel plate barrier with an attached 1'-3" built-up steel plate curb protects the sidewalk from vehicular traffic
while protecting exposed truss and tower members. Each tower is 146' tall and is constructed of built-up
column legs and rolled intermediate members. The two towers are connected by a Pratt through-truss strut
that carries an access walkway and utilities, including a 6" medium pressure gas line. The substructure is
comprised of solid reinforced concrete tower piers, with caissons and battered piles.

Willow Avenue Lift Bridge
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IV. SIDEWALK DECK MATERIAL TYPE STUDY
For the application of modifying the sidewalks on the Willow Avenue Lift Bridge to accommodate bicycle
traffic, there are several possible material alternatives for the riding surface that can be considered. These
material alternatives are presented below along with a discussion of their associated merits, limitations, and
past history on similar projects. While there are no set guidelines governing the bicycle riding surfaces in
the AASHTO Guide for the Development of Bicycle Facilities or AASHTO LRFD Guide Specifications for
the Design of Pedestrian Bridges, it was assumed for the purpose of this study that the bike path decking
shall be ADA compliant, as it will be a mixed use path.
ALUMINUM OPEN GRID DECK
Aluminum open grid deck sections are similar to the
steel open grid deck sections commonly used on
moveable bridge decks, with main load bearing bars
that span between supports and intermediate
transverse or diagonal stiffening bars (see Photo 3).
While similar to steel open grid deck, aluminum open
grid deck is much lighter and is more corrosion
resistant; however, aluminum grid deck does not have
the capacity of similar steel grid deck sections. The
grid deck panels are easily installed on the bike path
stringers by using manufacturer approved clips and
clamps and the panels are available with slip resistant
coatings.

Photo 3 – Aluminum open grid deck section manufactured by
Ohio Gratings, model 7-SGI-4.
(Photo credit Ohio Gratings)

Open grid decks are well suited for use on lift bridges, as they provide a robust alternative to traditional
concrete decks while saving weight in several different ways. The openings in the grid deck allow for the
transfer of water through the deck, negating the need for scuppers and drainage pipes to be installed, thus
reducing the weight of added components. Additionally, the openings also reduce precipitation buildup on
the deck surface during winter months, which in turn, reduces the snow and ice loading seen on the
structure. For aluminum grid deck panels spanning the proposed maximum distance between stringers of
4.75' and conforming to ADA standards for spacing between bars, the minimum weight is 5.13 psf.
While aluminum open grid deck has many qualities that merit its use on lift bridges, there are several
drawbacks. Because the open grid deck is made of aluminum, any location where the panels are in
contact with a dissimilar metal (mainly, structural steel), a bituminous paint or a separation pad must be
used to prevent galvanic corrosion. The openings in the grid deck limit the protection of the structural
members below deck from rain, debris, moisture, and salt that will increase the rate of corrosion.
Additionally, while the transverse openings in the grid deck between bearing bars are small for ADA
compliant gratings, they will have an adverse effect on rideability compared to a solid deck surface.
The cost of aluminum planks for a job of this size would be approximately $13.50 per square foot for a total
cost estimated cost of $51,000 for the deck planks on a 10' wide bike path and an estimated cost of
$41,000 for the deck planks on an 8' sidewalk.
Aluminum open grid deck was recently used during the rehabilitation of the Des Moines Union Railway
Bridge in Des Moines, Iowa. The former railroad bridge was repurposed in 2006 as a pedestrian bridge as
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part of the Des Moines Riverwalk, with the aluminum open grid deck with a slip resistant surface
manufactured by Ohio Gratings being used for a portion of the bridge deck throughout the structure.
Additionally, the same grid decking was used as the main decking on a scenic lookout located at the
midspan of the bridge.
ALUMINUM PLANK DECK
Aluminum plank sections are composed of bars
connected by an interconnecting top flange that also
doubles as a wearing surface, which can be treated
with a slip resistant coating (see Photo 4). Punched
holes can be installed in the plank sections to reduce
weight and allow drainage of water through the deck,
eliminating the need for scuppers or other drainage
components. An aluminum plank deck with diagonal
punched holes is ADA compliant, meeting all
specifications for high heels and wheelchair traffic, and
the rideability for bicycle traffic is not affected because
the punched holes are individually spaced apart from
each other and are oriented at a 45° angle relative to Photo 4 – Aluminum plank section with diagonally punched
holes for ADA compliance manufactured by Ohio
the direction of traffic. Aluminum planks can be
Gratings, AlPlank 15 model shown.
installed using manufacturer approved lug and screw
connections.
Using a plank that meets ADA
compliance, the bike path spacing requirements of 4.75' between stringers, and our design pedestrian
loading of 85 psf, the weight of an aluminum plank section is 3.5 psf with a weight reduction due to the
diagonal punched holes (3.8 psf without the punched holes). This is slightly less than the comparable
aluminum open grid deck section. The maximum length of a panel is 36", and requires 4 connection
screws per panel. Each 36" panel can be connected by an interlocking design that hides seams or gaps
between panels.
As with the aluminum open grid deck, one disadvantage of the aluminum plank deck sections is that any
location where the planks are in contact with a dissimilar metal type, a bituminous paint or separation pad
must be installed to prevent galvanic corrosion. Additionally, the diagonal punched holes in the aluminum
planks allow water, debris, and salt to drain onto the structural members below, increasing the rate of
corrosion.
The cost of aluminum planks for a job of this size would be approximately $30 per square foot, which is
more than double the amount of aluminum open grid deck. This unit cost corresponds to an estimated total
cost of $113,000 for the aluminum deck planks on a 10' wide bike path and an estimated cost of $90,500
for the deck planks on an 8' bike path.
The rehabilitation of the Grosse Ile Swing Bridge in Wayne County, Michigan utilized diagonally punched
aluminum plank with a slip resistant top surface to replace a deteriorating concrete walkway. The Johnson
Street Bridge, a single leaf bascule bridge currently under construction in Victoria Canada, is utilizing
aluminum planks for its bike path and pedestrian sidewalk decks. More than 50% of the bridge is dedicated
to pedestrians and cyclists and includes on-road bike lanes along with a dedicated pedestrian pathway.
The aluminum planks were chosen for the Johnson Street Bridge based on an evaluation of weight, initial
cost, and life cycle cost.

Willow Avenue Lift Bridge
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FIBER REINFORCED POLYMER (FRP) OPEN GRID
DECK
The fiber reinforced polymer (FRP) open grid deck is
comprised of I-shaped or bulb-shaped main bearing
bars that span between supports and transverse
connector bars (see Photo 5). This deck type has a
very low weight, a high strength to weight ratio, and a
high fatigue and corrosion resistance. Depending on
the thickness of the grating bars, FRP decks can weigh
as little as 2.25 psf and still meet ADA compliance for a
48" wide panel, and they can weigh a minimum of 3.39
psf and still meet ADA compliance for up to a 60" wide
panel. Prefabricated FRP open gird deck panels can
be quickly and easily installed on stringers using
connector clips and clamps specific to each different
brand of FRP or self-tapping screws. The top of the
FRP decking can be coated with a slip resistant grit for
added traction in snow and rain.

Photo 5 – Duragrid FRP T-1800 section manufactured by
Strongwell.

As with other open grid decks, the openings between
the bearing bars allow the drainage of water through
the deck negating the need for scuppers and drainage
pipes to be installed. However, this limits the protection
of the sidewalk support beams from rain, moisture, and
salt which in turn increases the rate of corrosion for the
beams. Additionally, another disadvantage is that the
gaps between the bearing bars are a detriment to the
rideability.
The cost of FRP open grid deck for a job of this size
would be approximately $30 per square foot for a total
cost estimated cost of $113,200 for FRP grating on a
10' wide bike path and an estimated cost of $90,600 for
FRP grating on an 8' sidewalk.

Photo 6 – Current west sidewalk on Willow Avenue Lift Bridge
with FRP open grid deck.

The 1999 rehabilitation of the historic Wheeling Suspension Bridge in Wheeling, West Virginia consisted of
replacing the two existing 4' wide steel grating sidewalks with FRP open grid deck sidewalks specifically
using DURAGRID I-4000 1" thick FRP grating. The FRP sidewalk has performed well since its installation
and is still in use today. FRP open grid deck is currently in use on the sidewalk of the Willow Lift Bridge
(see Photo 6), as well as on the Columbus Road and West 3rd Lift Bridges in Cleveland. In all three
cases, the FRP grid deck was chosen due to its light weight, durability, and ADA compatibility for
pedestrians; however, bicycle traffic was not considered during the design.
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FIBER REINFORCED POLYMER (FRP) PANEL DECK
FRP panel decks are solid sections that have a
maximum width of 4'-10" and have weights ranging
from 4 to 9 psf. The FRP material comprising the
panels has a high strength to weight ratio, a high
fatigue resistance, and a high tensile strength.
An
FRP deck panel that meets our required spacing
constraints between stringers would weigh
approximately 5.1 psf. The panels can be easily
installed onto the bike path stringers using fasteners
and bolts specific to each brand of FRP Panels. The
top of the FRP panels can be coated with a slip
resistant grit for added traction in snow and rain.
Due to the solid nature of the FRP panels, they provide
protection for the structural support members below
from water, moisture, salt, and debris. However, a
disadvantage of the panels is that a drainage system
incorporating scuppers and downspouts would need to
be installed; therefore, adding additional weight.

Photo 7 –Fiberspan FRP deck panel installation on the WilsonBurt Bridge in Niagara, New York.
(Photo credit Composite Advantage)

The cost of an FRP panel deck including built in drainage and scupper systems for a job of this size would
be approximately $40.00 - $45.00 per square foot for a total estimated cost of $169,800 for a 10' bike path
and $136,000 for an 8' bike path. This unit cost is almost 5 times the amount of the cheapest option, which
is aluminum open grid deck.
The rehabilitation of the Tower Lift Bridge in Sacramento, California consisted of replacing an existing 4'
wide sidewalk that was cantilevered off of the main lift span truss with a 10' wide FRP panel sidewalk on
steel framing. The FRP panels were chosen due to the weight limitations on the center lift span. Another
example is a 6' wide cantilevered sidewalk that was installed on the 441' long Wilson-Burt Bridge in
Niagara, New York (see Photo 7). The type of FRP panels that were used for the sidewalk deck were 21'8" long by 6'-4" wide and have a weight of 7.9 psf. This was designed in order to be as lightweight as
possible and be the most cost effective solution while still conforming to the design constraints determined
through the analysis of the structure. The City of Chicago has made FRP panels their standard for
sidewalks on their moveable structures, which all see high pedestrian traffic.
GRID DECK FILLED WITH FLEXIBLE PAVEMENT
This deck type consists of galvanized steel or aluminum open grid deck filled with resin-bound rubber
granules (see Photo 8). This rubberized filler can be applied to grid decks aftermarket or it is available in
prefabricated panels with stainless steel grid deck with 1" x 1" openings that can span up to 47" between
supports and come in 39" long panels. Per manufacturer’s recommendations, the filler can be applied to
any grid type with spacing over 1"; however, 1"-2" square mesh patterns work best. The rubberized filling
provides superior rideability and is also porous, eliminating the need for drainage. Decking with this
rubberized filler applied can be salted and plowed without being damaged.

Willow Avenue Lift Bridge
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Photo 8 – Artdeck steel grid deck filled with rubberized material
(Photo credit Streetlife)

Due to the porous nature of the fill material,
these panels will not provide protection for
the structural members supporting the
panels. The weight of the rubberized filling
is 11 psf; therefore, the weight of an
aluminum grid deck panel required to span
the 4'-6" spacing between sidewalk
stringers on the Willow Avenue Bridge
would be 15.45 psf. The addition of this
filling would essentially triple the weight of
the grid deck. For a job of this size, the
rubberized filler would cost approximately
$13 per square foot. Coupled with the price
of the aluminum grid deck ($13.50 per
square foot), the total cost of this decking
for a 10' wide sidewalk would be $92,750
and the total cost for a 8' wide sidewalk
would be $74,200.

This product is relatively new and does not have any case studies available to prove its performance in
harsh environments such as Cleveland. However, the rubberized material has been used extensively on at
grade bike paths throughout the country, including Yellowstone National Park where it has performed very
well.
EVALUATION OF DECK ALTERNATIVES
Based on the information presented above, the following comparison table was developed to evaluate the
bike path deck alternatives.

BIKE PATH DECK MATERIAL ALTERNATIVES
TYPE OF DECKING

COST
PER SF

WEIGHT
(PSF)

Aluminum Open Grid Deck
Aluminum Plank Deck
FRP Open Grid Deck
FRP Panel Deck
Grid Deck Filled w/ Flexible Pavement

$13.50
$30.00
$30.00
$45.00
$26.50

5.75
3.50
3.39
5.10
15.45

DURABILITY RIDEABILITY

BIKE PATH
PERFORMANCE

Table 8 – Bike path deck material Alternatives Matrix.

RED
YELLOW
GREEN

RED boxes indicate the most negative impact
YELLOW boxes indicate moderate impact
GREEN boxes indicate the most positive impact
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From Table 8, the best overall option is the aluminum plank deck, due to its weight, durability, rideability,
and past performance in use on bike paths. Additionally, it will not require any additional drainage
elements to be installed. The only minor drawback of the aluminum plank deck is the cost, which is a little
more than double the cost of aluminum open grid deck but is comparable to the cost of FRP open grid
deck.
The aluminum open grid deck and FRP open grid deck are also viable options, since they both have
relatively low weights and high durability; however, both have average rideability due to the gaps between
the bearing bars.

V. DESIGN CRITERIA
The following criteria presented in Table 9 were used for designing the new bike path members for
Alternatives 1 through 6 described on the following page.
ITEM

REFERENCE

Pedestrian Loading (psf)
Railing Design Loading (psf)
Existing Sidewalk Width (ft)

CRITERIA

AASHTO 3.14.1
85
AASHTO 2.7.3
50
AASHTO
8
Proposed Sidewalk Width (ft)
GDBF 4.6.4
AASHTO
Vertical Clearance (ft)
8
GDBF 5.2.1
Railing Height (in)
AASHTO 2.7.2
54
AASHTO
20
Design Speed (mph)
GDBF 5.2.4
AASHTO
Grade (%)
9% up to 200 ft
GDBF 5.2.7
AASHTO
Minimum Length of Vertical Curve (ft)
100
GDBF 5.2.8
GDBF - Guide for the Development of Bicycle Facilities
Table 9 –Design criteria for Willow Avenue Lift Bridge bike bath.

WILLOW AVENUE
85
50
3.58
8 or 10
8
54
20
5%
310

Willow Avenue Lift Bridge
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VI. CONCEPTUAL ALTERNATIVES
The following six (6) conceptual alternatives were investigated as part of this study:
•
•
•
•
•
•

Alternative 1 – Remove and replace existing west sidewalk with new 8' wide bike path, existing
east sidewalk remains
Alternative 2 – Remove and replace existing west sidewalk with new 10' wide bike path, existing
east sidewalk remains
Alternative 3 – Remove and replace existing west sidewalk with new 8' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 4 – Remove and replace existing west sidewalk with new 10' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 5 – Remove and replace existing west sidewalk with new 10' wide bike path inclined at
5% grade longitudinally along truss, existing east sidewalk remains
Alternative 6 – New mixed use (vehicular and pedestrian) vertical lift bridge on new alignment

DESCRIPTION OF CONCEPTUAL ALTERNATIVES
Alternative 1 – This alternative involves replacing the existing 3'-7" wide sidewalk on the west side of the
bridge with a new 8'-0" wide bike path, while leaving the existing 3'-7" wide east sidewalk in place. The
existing sidewalk stringers will be replaced with three simply-supported stringers supporting aluminum
plank deck with adequate capacity to carry the increased pedestrian loading. These new stringers will
frame into new tapered floorbeam sections that will replace the existing cantilevered sidewalk floorbeams
on the structure. The new floorbeams will frame into the outboard side of each lower chord panel point
similar to the original pedestrian floorbeams; however, while the existing pedestrian floorbeams are
cantilevered, the new floorbeams will also be supported at the opposite end by a cable system consisting of
two 5/8" diameter wire ropes. The cable system will run diagonally from an HSS column on the outboard
end of the floorbeam (which is required so that a minimum vertical clearance for bicycles of 8'-0" is
maintained) to the corresponding upper chord panel point. Additionally, a horizontal HSS strut will be
added between the truss vertical and the top of the HSS column to transfer the horizontal load of the cable
system into the truss vertical, thus eliminating the moment at the connection of the HSS column to the
floorbeam.
The existing 42" tall pedestrian railing along the exterior of the sidewalk will be replaced with a 54" tall
railing to meet the standards for bicycles. This railing will be aluminum and will be similar to the existing
railing which is to remain on the east side of the bridge. Additionally, an HSS top rail located 54" above the
top of the plank deck will be added on top of the steel plate barrier running along the west lower chord so
that an adequate barrier is also present on the inboard side of the bike path.
Alternative 2 – This alternative is similar to Alternative 1, however, the existing 3'-7" wide sidewalk on the
west side of the bridge will be replaced with a new 10'-0" wide bike path, while leaving the existing 3'-7"
wide east sidewalk in place.
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Alternative 3 – This alternative is the same as Alternative 1, with the exception that the existing steel plate
barrier running along the west lower chord will be removed and replaced with a new twin-tube vehicular
traffic railing on the inboard face of the West Truss line and a new aluminum pedestrian railing on the
outboard face of the West Truss line. The interior aluminum pedestrian railing will match the 54" tall
pedestrian railing along the exterior of the bike path.
Alternative 4 – This alternative is the same as Alternative 2, with the exception that the existing steel plate
barrier running along the west lower chord will be removed and replaced with a new twin-tube vehicular
traffic railing on the inboard face of the West Truss line and a new aluminum pedestrian railing on the
outboard face of the West Truss line. The interior aluminum pedestrian railing will match the 54" tall
pedestrian railing along the exterior of the bike path.
Alternative 5 – For this alternative, the existing 3'-7" wide sidewalk on the west side of the bridge will be
replaced with a new 10'-0" wide bike path, while leaving the existing 3'-7" wide east sidewalk in place,
similar to Alternative 2. However, the sidewalk will be inclined at a 5% grade longitudinal to the truss from
south to north.
Alternative 6 – This alternative will replace the structure in its entirety on a new alignment utilizing the
existing bridge for the duration of construction, transferring roadway traffic to the new bridge once it’s
complete, then demolishing the existing bridge. The bridge will be replaced with a single span vertical lift
bridge with new approach roadways transitioned into River Road at the north approach and into a
reconfigured intersection of Elm Avenue and River Road at the south end. This alternative would interfere
with the alignment of the south approach span structure of the proposed Wendy Park Bridge and would
also have substantial environmental impacts.

Willow Avenue Lift Bridge
SFN: 1869981

VII. ANALYSIS OF CONCEPTUAL ALTERNATIVES
VII.I STRUCTURAL ANALYSIS
GENERAL LOAD RATING ANALYSIS ASSUMPTIONS
The Cleveland Metroparks has identified the need to perform a load rating analysis for the Willow Avenue
Lift Bridge as part of a feasibility study to facilitate modification of the existing sidewalks. Several proposed
alternatives were considered, including new wider sidewalk sections to safely accommodate bicycle and
pedestrian traffic. The bridge superstructure components were rated utilizing the following specifications
and documents:
•
•
•
•
•
•

ODOT Bridge Design Manual, 2004 Edition with 2014 Interims
AASHTO Standard Specifications for Highway Bridges, 17th Edition, 2002
AASHTO Manual for Bridge Evaluation, 2nd Edition with 2013 Interims
FHWA Load Rating Guidance and Examples for Bolted and Riveted Gusset Plates in Truss
Bridges, 2009
AASHTO LRFD Movable Highway Bridge Design Specifications, 2nd Edition with 2015 Interims
AASHTO LRFD Bridge Design Specifications, 7th Edition with 2015 Interims

The lift span was analyzed for HS20-44 truck and lane loading for Inventory and Operating levels, and for
the Ohio Legal Loads 2F1, 3F1, 4F1 and 5C1 for the Operating levels. In addition, the effect of two truck
trains, one composed of a series of HS20-44 trucks and one of Ohio 5C1 trucks, were considered at the
Operating level for the lift span truss, which qualifies as “long span.” The effects of pedestrian loading were
also considered on the sidewalk support elements. The structure has undergone major rehabilitations in
1987 and 2010 since its initial construction in 1965, and the as-built analysis utilizes the members currently
in place without section loss from the following list of available drawings:
•
•
•
•

1963 Original Design Drawings
1963-64 Shop Drawings
1984 Rehabilitation Plans
2009 Rehabilitation Plans

The as-inspected analysis accounts for section losses noted during the TranSystems 2009 In-Depth Bridge
Inspection, as well as additional information noted within the 2014 Bridge Load Rating Report written by
Jones Stuckey. Structural components were analyzed and load rating capacities were calculated using a
combination of hand calculations, spreadsheets, and finite element modeling software. Capacities and
dead loads were calculated by hand and using Excel workbooks. Maximum live load effects (moments and
shears) were found utilizing STAAD.Pro V8i in conjunction with hand calculations. The load rating formulas
were applied inside of specialized Excel workbooks.
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All capacities and loads for the truss superstructure components were generated based upon Load Factor
Rating (LFR) methodology. The primary load carrying members were analyzed for the AASHTO HS20-44
truck and lane loads and ODOT 2F1, 3F1, 4F1 and 5C1 trucks (see Figure 2). For the lift span, which is
longer than 200 feet, two truck trains, one consisting of HS20-44 trucks and one consisting of 5C1 trucks,
were analyzed. The truck train length was varied to maximize load effects on individual members. Multiple
loaded lanes were applied along with impact factors in accordance with AASHTO. Vehicular loading was
applied to all members, except the cantilevered sidewalk members, which only see pedestrian loading.
The combined effects of vehicular and pedestrian loading were considered in the lift span truss and gusset
plate analyses.

Figure 2 – AASHTO Truck Load and Ohio Legal Loads.

For the analysis of the tower members, all capacities and loads were generated using Load Resistance
Factor Design. The primary load carrying members were analyzed for all loads specified in the AASHTO
LRFD Movable Highway Bridge Design Specification, with the exception of any vehicular live loads, as the
roadway framing members are isolated from the towers.
The material properties used in the original construction and major rehabilitations are shown in Table 10.
Material Properties

Original Plans
42.0 - 50.0 (A441)

Structural Steel - F y (ksi)

33.0 (A7)
36.0 (A36)

Table 10 – Material properties.

1984
2009
Rehabilitation Rehabilitation
36.0 (A36)
50.0 (A588)

50.0 (A709)

Weight

490 pcf

Willow Avenue Lift Bridge
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GENERAL DESCRIPTION OF LOAD RATING ANALYSIS
Bridge load rating calculations provide a basis for determining the safe load capacity of a bridge. Load
ratings require engineering evaluation in determining a rating value that is applicable to maintaining the
safe use of the bridge and arriving at posting and permit decisions. A rating factor of less than 1.0 indicates
that the structure does not have sufficient capacity to carry the specified loading. As part of every
inspection cycle, bridge load ratings should be reviewed and updated to reflect any relevant changes in
condition or dead load noted during the inspection.
The Inventory Rating (Inv) generally corresponds to the customary design level of stresses, but reflects the
existing bridge and material conditions with regard to deterioration and loss of section. Load ratings based
on the Inventory level allow comparisons with the capacity for new structures and, therefore, result in a live
load which can safely utilize an existing structure for an indefinite period of time.
Load ratings based on the Operating Rating (Oper) level generally describe the maximum permissible live
load to which the structure may be subjected. Allowing unlimited numbers of vehicles to use the bridge at
the Operating level may shorten the life of the bridge.
The Load Factor Rating (LFR) method was used to rate all primary members on the lift span. The LFR
method is based on analyzing a structure subject to multiples of the actual loads (factored loads). Different
factors are applied to each type of load, which reflect the uncertainty inherent in the load calculations. The
rating is determined such that the effect of the factored loads does not exceed the strength of the member
(see Figure 3).
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐴𝐴1 × (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)
𝐴𝐴2 × (𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼)

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐴𝐴1 × (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)
𝐴𝐴2 × (𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼)

Figure 3 – Primary load rating equations with and without pedestrian load applied.

For both Inventory and Operating Ratings, a factor of 1.3 is applied to all dead loads. The Inventory Rating
includes multiple loaded lanes and utilizes a factor of 2.17 on all live loadings, while this factor is reduced to
1.625 if live load vehicles and pedestrian loads are considered simultaneously. For Operating Ratings, this
factor is decreased to 1.3 independent of whether pedestrian load is applied in tandem with the live loading.
Some members on the structure are subject to pedestrian loads only, and a modified rating factor equation
was developed in order to account for the lack of vehicular loading in these locations (see Figure 4).
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐴𝐴1 × (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)
𝐴𝐴2 × (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)

Figure 4 – Modified load rating equation for pedestrian load only.

The Load Resistance and Factor Design (LRFD) method was used to rate the primary structural components on the
towers. LRFD is similar to LFD; however, in addition to factoring the loads, as is done in LFD, LRFD also applies
reduction factors to the capacities (“resistance”). The towers were analyzed using LRFD in order to conform with the
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most recent edition of the AASHTO Movable Highway Bridge Design Specifications. Due to the absence of

live load on the tower members, the traditional rating factor equations presented in Figures 2 and 3 do not
apply. Therefore, LRFD capacities were calculated for each tower member and then compared to the
factored loads specified in the code to obtain a Capacity to Demand (C/D) ratio. Adequate axial and
flexural members have a C/D ratio greater than 1.
LIFT SPAN TRUSS
The lift span consists of a 310'-0" long Pratt truss with
an out-to-out deck measurement of 40′-10 3/4″, which
includes two 3'-7" wide sidewalks that are cantilevered
outboard of each truss. The structure is on a straight
alignment with a vertical curve such that the deck
elevation is highest at midspan. Bridge nomenclature
is based on the existing plans with panel points
numbered from south (0) to north (10), and the bridge
is symmetric in this direction. The lift span truss is
suspended from towers via built-up lifting girders
located at Panel Points U0 and U10 (see Photo 9).
The truss is comprised of wide flange rolled sections Photo 9 – East elevation of Willow Avenue Lift Bridge.
oriented about their weak axis. The floor system
consists of simply supported 21" deep wide flange stringers and 33" deep wide flange floorbeams. The
deck consists of a 5 1/4" deep, open grid steel deck with concrete cover over the floorbeams. A 3'-2" tall
built-up steel plate barrier with an attached 1'-3" built-up steel plate curb protects the sidewalk from
vehicular traffic while protecting exposed truss and tower members.
The structure was built in 1965, and was rehabilitated in 1987 and again in 2010. The most recent
rehabilitation resulted in major changes to the lift span through the replacement of roadway and sidewalk
stringers, minor steel repairs, the replacement of the existing roadway grid deck with new riveted open grid
deck and the replacement of the concrete-filled grid deck sidewalk with fiberglass open grid deck (see
Figure 5). Additionally, various mechanical and electrical components were replaced or refurbished during
this rehabilitation.

Figure 5 – Roadway cross section of lift span showing new stringers and open grid deck (from 2009 Rehabilitation Plans).

Willow Avenue Lift Bridge
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The lift span truss was analyzed with a series of three-dimensional models in STAAD (See Figure 6). The
vertical curvature of the roadway was taken into account within the truss geometry. Pinned supports were
modeled at the north end of the lift span with rollers at the south end to match existing conditions for the
bridge in the closed condition. Historic sections and built-up members were input as prismatic elements
with section properties as calculated in Excel spreadsheets. Member releases were utilized to mimic the
truss member connections, secondary members, and framing system. Truss forces were input in Excel
spreadsheets and modified with impact and multiple presence factors in order to obtain final load effects
with which to rate both the truss members and gusset plates.
Framing members were analyzed using a
series of hand calculations, twodimensional STAAD models, and Excel
spreadsheets. Section losses noted on
the floorbeams were accounted for in
section properties sheets and used to
calculate as-inspected capacities. The
calculations for these members were also
used in order to develop the applied dead
loads used in the lift span truss dead load
three-dimensional model.

Figure 6 – East elevation of Lift Span Truss STAAD model with additional
sidewalk added (Alternative 2 shown).

Dead Loads
The dead load STAAD models consist of the truss primary and secondary members, floorbeams, stringers
and portions of the lifting girders. Each type of member was input into STAAD using its base section
properties. In order to account for the additional weight of connections, fill and splice plates, as well as
internal diaphragms and fasteners, a calculated average increase “bump-up factor” was applied uniquely to
each member type. The weights of gusset plates were applied at specific individual panel point locations or
nodes.
Deck loads were input in the model as distributed loads based on tributary areas on the stringers. The
roadway deck consists of a 5 1/4" by 5/16" riveted open steel grid deck with concrete fill at the ends of the
lift span and over the floorbeams, while the sidewalk
decking consists of a 2" Duragrid fiberglass grid deck.
Railing, curb and barrier loads were also applied to the
appropriate stringers based on their tributary areas of
deck (see Photo 10).
Deck and sidewalk expansion joints were applied as
uniformly distributed loads across the end floorbeams.
Bearings, span locks, centering devices and air buffer
loads were also applied as uniformly distributed loads
on the end floorbeams in order to accurately model
the lift span weight, although they do not contribute
additional loads to the truss or gusset plate analysis.
Point loads for the span guide components were
applied at the upper and lower chord portal nodes.

Photo 10 – Typical roadway view of Willow Avenue Lift Bridge,
looking north from the south tower approach span.
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Separate dead load STAAD models were created
for Alternatives 1 through 4. For Alternatives 1 and
2, the existing 3'-7" wide west sidewalk will be
replaced with 8' and 10' wide bike paths,
respectively, while the remainder of the structure
will be unchanged. Alternatives 3 and 4 are the
same as Alternatives 1 and 2; however, in addition
to the wider sidewalk sections, the existing steel
plate barrier along the West Truss will be removed
and replaced with new twin tube traffic railing. All
four options utilize tapered floorbeam brackets at
each truss panel point, three stringer lines,
rectangular hollow structural sections (HSS) for
posts and struts, 5/8" diameter wire ropes (2 per
panel point) that connect the top of the HSS post on
the outboard side of the floorbeam bracket to the
corresponding upper chord panel point, and
aluminum grating.

Chart 1 – Comparison of lift span lower chord tension dead loads
between West and East Trusses for Alternative 4.

Per the analysis of the mechanical components in Section VII.II, additional ballast dead loads were applied
along the East Truss line to offset the additional weight from the proposed alternatives on the west side of
the lift span. This additional ballast was applied as a distributed load along the East Truss lower chord.
Due to the smaller moment arm acting on the added East Truss line ballast weight compared to that of the
additional bike path loads, the dead load increases in weight on the East Truss will actually be greater than
those experienced by the West Truss. However, the cantilevered nature of the sidewalk on the West Truss
will make it so that the West Truss will have higher axial forces due to dead loads than the East Truss
members. See Chart 1 for a comparison of lower chord dead loads for Alternative 4.
Live Loads

Figure 7 – Typical live load generation showing two 5C1 trucks loading
the East Truss for Alternative 2 (red line indicates rightmost
initial truck position, green arrows show location and
magnitude of wheel loads).

To develop appropriate live load distribution
into the truss panel points, individual truck
generations were run directly
on the roadway framing elements in STAAD.
Each truss line is governed by two loaded
lanes with a multiple presence factor of 1.0.
The standard trucks are assumed to occupy a
10'-0" wide area, and these loads are placed
within 12'-0" wide design traffic lanes (see
Figure 7). The design lanes and vehicles are
placed such that load effects are maximized
for the member under consideration.

Lane loading was applied to maximize the loading in each truss, utilizing the same lane configurations as
the truck loading. Because the lift span truss is over 200 feet long, the structure qualifies as “long span”
and is also subject to HS20-44 and 5C1 truck trains. Truck train loadings were applied in accordance with
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ODOT BDM Section 918, which specifies that truck trains are placed in the rightmost lanes in each
direction in conjunction with the standard vehicles in the rest of the lanes, utilizing only whole trucks.
In accordance with ODOT BDM Section 915, a pedestrian load of 75 lb/ft2 must be applied on all sidewalks
greater than 2'-0". For the existing structure and each alternative, this pedestrian load was applied directly
to the sidewalk stringers within the models based on the tributary area of each stringer. For the lift span
truss and gusset plate analyses, these loads were considered to act simultaneously with the live load and
were subtracted from the capacity of the member per the appropriate load rating equations, while
pedestrian load was treated as a live load for analysis of the sidewalk stringers. Pedestrian load was used
only in locations that would maximize the load effects in each truss line.
Analysis Results
The structural analysis of Alternatives 1 through 5 showed that there is not a significant difference between
the load effect of the 8' wide and 10' wide bike path options. Therefore, for the purpose of conciseness of
this report, only the analysis of Alternatives 2, 4, and 5 are presented in the structural analysis section of
this PES report, as they present the worst load additions due to the 10' wide sidewalk. Please see
Volume II of this report for complete analysis results of Alternatives 1 through 5.
Truss Members – Existing Condition
Force effects were taken from the STAAD output files
and sorted for input into the truss rating sheets. Impact
and multiple presence factors were applied in the
forces spreadsheet. Capacities were calculated within
the rating sheet based on section and material
properties, considering as-built information from
existing plans and any applicable field measurements.
The primary truss members were rated for each
alternative in the as-inspected condition, as the
proposed bike path modifications would occur with the
current section losses present on the existing
members. However, only negligible section losses
were noted on the primary truss members (see
Photo 11); therefore, the as-built and as-inspected
ratings are the same. As mentioned previously, only
the results for Alternatives 2 and 4 are presented in this
PES report, as they are the worst case loading
scenarios.

Photo 11 – Typical upper chord condition from the 2009 indepth inspection (East Truss U0-U1 shown).
Note the failing paint top coat, light debris, and
isolated light surface rust.

As a baseline, an as-inspected rating was performed on the structure in its current configuration. These
values were then compared to the rating factors calculated for Alternatives 2 and 4 to determine the effect
of the alternatives on the truss member ratings. The as-inspected rating of the truss in its current
configuration is presented below in Table 11. Due to symmetry, note that West and East Trusses have
identical load ratings on the existing structure.
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EXISTING CONDITION: AS-INSPECTED
LIFT SPAN TRUSS CONTROLLING RATING FACTORS
Member

HS20
Inv

HS20
Oper

2F1
Oper

3F1
Oper

4F1
Oper

5C1
Oper

HS20
Truck
Train

5C1
Truck
Train

L4-L5, L5-L6
L3-L4, L6-L7
U1-U2, U8-U9
U0-U1, U9-U10
L1-U1, L9-U9
L2-U2, L8-U8
U1-L2, L8-U9
U0-L1, L9-U10

2.14
2.15
1.93
1.93
2.18
2.49
1.86
1.87

3.26
3.27
2.89
2.89
3.36
3.89
2.82
2.83

12.98
12.97
11.46
11.43
12.45
11.65
10.53
11.95

8.53
8.55
7.53
7.50
8.18
7.66
6.92
7.85

7.31
7.32
6.47
6.44
7.02
6.59
5.94
6.73

5.32
5.29
4.69
4.64
5.10
4.84
4.32
4.85

2.25
2.21
2.00
1.91
2.31
2.89
1.95
1.99

3.05
3.06
2.66
2.59
3.08
3.25
2.60
2.71

Location
Lower Chord
Upper Chord
Vertical
Diagonal

Table 11 – Controlling as-inspected rating factors for the lift span truss in its current configuration (numbers below 1.0 are red, controlling
values are shaded in yellow).

Truss Members – Alternatives 1 Through 4
The controlling rating factors for the lift span truss primary members are presented below in Table 12.
ALTERNATIVE 2
LIFT SPAN TRUSS CONTROLLING RATING FACTORS
Location

West Truss

Lower Chord
Upper Chord
Vertical
Diagonal
Lower Chord

East Truss
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Upper Chord
Vertical
Diagonal

Member

HS20
Inv

HS20
Oper

2F1
Oper

3F1
Oper

4F1
Oper

5C1
Oper

L4-L5, L5-L6
L3-L4, L6-L7
U1-U2, U8-U9
U0-U1, U9-U10
L1-U1, L9-U9
L2-U2, L8-U8
U1-L2, L8-U9
U0-L1, L9-U10
L4-L5, L5-L6
L3-L4, L6-L7
U1-U2, U8-U9
U0-U1, U9-U10
L1-U1, L9-U9
L2-U2, L8-U8
U1-L2, L8-U9
U0-L1, L9-U10

1.95
1.95
1.66
1.66
2.09
2.42
1.65
1.65
2.02
2.03
1.80
1.81
2.06
2.37
1.75
1.76

2.44
2.44
2.07
2.08
2.61
3.18
2.07
2.06
3.06
3.07
2.70
2.70
3.16
3.70
2.64
2.64

9.70
9.70
8.21
8.21
9.67
9.54
7.73
8.70
12.18
12.18
10.68
10.67
11.73
11.10
9.86
11.15

6.37
6.39
5.39
5.39
6.35
6.27
5.08
5.71
8.01
8.03
7.02
7.00
7.71
7.30
6.47
7.32

5.46
5.48
4.63
4.63
5.46
5.39
4.36
4.90
6.86
6.88
6.03
6.01
6.62
6.28
5.56
6.28

3.97
3.96
3.36
3.33
3.97
3.96
3.17
3.53
4.99
4.97
4.37
4.33
4.81
4.61
4.04
4.53

HS20
Truck
Train
1.68
1.65
1.43
1.37
1.80
2.37
1.43
1.45
2.11
2.07
1.86
1.78
2.18
2.75
1.83
1.86

5C1
Truck
Train
2.28
2.29
1.91
1.86
2.39
2.66
1.91
1.97
2.86
2.87
2.48
2.42
2.90
3.09
2.43
2.53

Table 12 – Controlling lift span truss rating factors for Alternative 2 (numbers below 1.0 are red, controlling values are shaded in yellow).

In the as-inspected condition for Alternative 2, all of the primary truss members have Inventory and
Operating rating factors well above 1.0. The rating for this alternative is controlled by the West Truss upper
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chord members U0-U1 and U9-U10 under the HS20-44 truck train loading, with a 1.37 rating factor. This
rating factor decreased from a 1.91 rating factor for the truss in its current configuration, which corresponds
to a 28% reduction. While the added dead load for the ballast along the East Truss is greater than that of
the widened west bike path, the increased pedestrian loading on the west bike path results in lower rating
factors for the West Truss members than the East Truss. The upper chord members govern for truck train
load cases, while diagonals govern for HS20-44 and Ohio legal loads.
Similar to the previous alternative, all of the primary truss members for Alternative 4 have Inventory and
Operating rating factors well above 1.0 (see Table 13). The rating for this alternative is, again, controlled
by the West Truss upper chord members U0-U1 and U9-U10 under the HS20-44 truck train loading, with a
1.44 rating factor. This rating factor decreased from a 1.91 rating factor for the truss in its current
configuration, which corresponds to a 25% reduction. While the added dead load for the ballast along the
East Truss is greater than that of the widened west bike path, the increased pedestrian loading on the west
bike path results in lower rating factors for the West Truss members than the East Truss. The upper chord
members govern for the truck train load cases, while diagonals govern for HS20-44 and Ohio legal loads.
Note that rating factors for Alternative 4 are higher than Alternative 2. This is due to the removal of
additional dead loads from the steel plate barrier along the West Truss and replacement with a lighter
weight twin-tube traffic railing.
ALTERNATIVE 4
LIFT SPAN TRUSS CONTROLLING RATING FACTORS
Location

West Truss

Lower Chord
Upper Chord
Vertical
Diagonal

East Truss

Lower Chord
Upper Chord
Vertical
Diagonal

Member

HS20
Inv

HS20
Oper

2F1
Oper

3F1
Oper

4F1
Oper

5C1
Oper

L4-L5, L5-L6
L3-L4, L6-L7
U1-U2, U8-U9
U0-U1, U9-U10
L1-U1, L9-U9
L2-U2, L8-U8
U1-L2, L8-U9
U0-L1, L9-U10
L4-L5, L5-L6
L3-L4, L6-L7
U1-U2, U8-U9
U0-U1, U9-U10
L1-U1, L9-U9
L2-U2, L8-U8
U1-L2, L8-U9
U0-L1, L9-U10

2.04
2.04
1.75
1.75
2.16
2.47
1.73
1.73
2.12
2.12
1.90
1.90
2.15
2.46
1.83
1.85

2.55
2.55
2.19
2.18
2.71
3.27
2.17
2.16
3.22
3.23
2.86
2.86
3.31
3.84
2.78
2.79

10.13
10.13
8.65
8.64
10.03
9.80
8.10
9.13
12.82
12.82
11.32
11.30
12.27
11.51
10.40
11.79

6.66
6.68
5.68
5.68
6.59
6.45
5.32
6.00
8.43
8.45
7.43
7.42
8.06
7.57
6.83
7.74

5.71
5.72
4.87
4.88
5.66
5.54
4.57
5.14
7.22
7.24
6.39
6.37
6.92
6.51
5.87
6.64

4.15
4.14
3.51
3.54
4.11
4.07
3.32
3.71
5.25
5.23
4.63
4.59
5.03
4.78
4.26
4.78

HS20
Truck
Train
1.76
1.72
1.44
1.51
1.86
2.43
1.50
1.52
2.22
2.18
1.97
1.89
2.28
2.86
1.93
1.97

5C1
Truck
Train
2.38
2.39
1.96
2.01
2.48
2.73
2.00
2.07
3.01
3.03
2.63
2.57
3.03
3.21
2.57
2.68

Table 13 – Controlling lift span truss rating factors for Alternative 4 (numbers below 1.0 are red, controlling values are shaded in yellow).

Overall the added dead load and pedestrian loading from the widened west bike path in both alternatives
result in lower rating factors for the primary truss members than in its current configuration. The most
substantial reductions in rating factors occur in the West Truss, while the East Truss rating factors
experience a slightly less significant decrease. For these alternatives, note that the governing rating factors
are controlled by vehicular live load cases that do not include pedestrian load. While rating factors were
computed for load cases with and without pedestrian load, the critical rating factors occur when pedestrian
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load is neglected because the live load factor is decreased from 2.17 to 1.625 when pedestrian loading is
included.
Because all truss member rating factors are well above 1.0 for Alternatives 2 and 4, modification of the
west sidewalk appears to be a feasible option without strengthening any of the existing primary truss
members.
Truss Members – Alternative 5
For Alternative 5, the west sidewalk would be replaced with a 10' wide sidewalk inclined on a 5% slope
from south to north, with the new sidewalk members being attached to the verticals of the West Truss
instead of the lower chord panel points. Under this configuration, a moment from the new sidewalk
member would be induced in the vertical member. Therefore, the vertical truss members, which are
normally under pure compression, would have to be analyzed as beam-columns to determine the effect of
the induced moment. This was accomplished using the combined axial and bending equation (AASHTO
Section 10.54.2) (see Figure 8) to determine if the factored loads satisfy the equality. See Figure 9 for the
modified equation, noting that the equation has been inverted so that it is a more traditional C/D ratio.
𝑃𝑃
𝑀𝑀𝑀𝑀
+
≤ 1.0
0.85𝐴𝐴𝑠𝑠 𝐹𝐹𝑐𝑐𝑐𝑐 𝑀𝑀 �1 − 𝑃𝑃 �
𝑢𝑢
𝐴𝐴 𝐹𝐹
𝑠𝑠 𝑒𝑒

Figure 8 – Standard AASHTO combined axialmoment condition equation

1.3𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 1.625𝑃𝑃𝐿𝐿𝐿𝐿 + 1.3𝑃𝑃𝐷𝐷𝐷𝐷
𝑀𝑀𝑢𝑢 �1 −
�
0.85𝐴𝐴𝑠𝑠 𝐹𝐹𝑐𝑐𝑐𝑐
𝐴𝐴𝑠𝑠 𝐹𝐹𝑒𝑒
+
≥ 1.0
(1.3𝑀𝑀𝑃𝑃𝑃𝑃𝑃𝑃 + 1.625𝑀𝑀𝐿𝐿𝐿𝐿 + 1.3𝑀𝑀𝐷𝐷𝐷𝐷 )𝐶𝐶
1.3𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 1.625𝑃𝑃𝐿𝐿𝐿𝐿 + 1.3𝑃𝑃𝐷𝐷𝐷𝐷
Figure 9 – Modified AASHTO combined axial-moment condition equation to allow
calculation of C/D ratio for Inventory

Using the above equation, the left side of the equation was evaluated. If the modified combined axialmoment equation is less than 1.0, then the member is overstressed because the capacity is less than the
demand. As Table 14 shows, the addition of the inclined bike path will overstress all of the interior verticals
with the L3-U3 and L7-U7 verticals controlling at a 0.59 C/D ratio. As a result, the verticals would need to
be strengthened in order for this alternative to be considered.

Vertical Member
L0-U0, L10-U10
L1-U1, L9-U9
L2-U2, L8-U8
L3-U3, L7-U7
L4-U4, L6-U6
L5-U5*

ALTERNATIVE 5
LIFT SPAN TRUSS VERTICAL CONTROLLING C/D RATIOS
HS20
3F1
4F1
HS20
2F1
5C1 HS20 Truck 5C1 Truck
Oper
Oper
Oper
Train
Inv
Oper
Oper
Train
1.51
0.72
0.61
0.59
0.77
---

1.57
0.76
0.64
0.62
0.81
---

1.81
0.88
0.73
0.69
0.89
---

1.77
0.86
0.70
0.66
0.85
---

1.75
0.85
0.69
0.65
0.84
---

1.69
0.81
0.66
0.62
0.81
---

1.47
0.69
0.60
0.60
0.86
---

1.56
0.74
0.61
0.61
0.86
---

Table14 – Axial-Moment interaction C/D ratios for Alternative 5 (numbers below 1.0 indicate overstress and are red, controlling values are
shaded in yellow).
*Member L5-U5 is not under compression; therefore, no C/D ratio could be calculated.
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In addition to strengthening the truss vertical members, the effect of the moment from the 10' wide inclined

sidewalk as part of Alternative 5 on the gusset plates would need to be investigated. The moment in the
vertical would be resolved into the gusset plates at the ends and would induce out of plane bending of the
plates which are only designed to take pure axial forces. Further finite element analysis of the gusset
plates under this loading condition would be required to determine the effects and feasibility of this
alternative.
Floorbeams and Roadway Stringers
The lift span framing members were modified during the 2010 Rehabilitation. During this project, the
existing steel grid roadway deck was removed and replaced with new riveted steel open grid decking. In
addition, the original 20Ix65.4 lift span roadway stringers were removed and replaced with W21x68
stringers, along with their associated connection angles and fill plates. The existing sidewalk and fascia
stringers, connection angles and diaphragms were also replaced in kind. The existing steel floorbeams
remain from the original construction and consist of 33WF200 rolled members at all interior floorbeams and
36WF230 sections at the end floorbeams.
All framing elements were rated using a combination of hand calculations and simple STAAD models, with
analysis results and load rating equations typically processed within Excel spreadsheets. The load ratings
for the steel floorbeams are not affected by the proposed sidewalk modifications because these members
are subject only to vehicular loads from the roadway stringers loadings. The floorbeams were modeled as
simply supported between the truss lines as no tie plates are present at truss panel points to provide for a
moment connection.
All rating factors for the floorbeams are above 1.0 in their as-built condition, with a governing HS20-44
Inventory rating factor of 1.11 at all odd-numbered floorbeams (see Table 15). The floorbeams load ratings
are all controlled by positive moment at midspan.

Floorbeam
0, 10
1, 3, 5, 7, 9
2, 4, 6, 8

AS-BUILT
FLOORBEAMS CONTROLLING RATING FACTORS
HS20
HS20
2F1
3F1
4F1
5C1
Section
Inventory Operating Operating Operating Operating Operating

36WF230
33WF200
33WF200

1.63
1.11
1.13

2.72
1.86
1.89

5.61
3.83
3.90

3.67
2.50
2.54

3.21
2.19
2.23

3.78
2.58
2.63

Table 15 – Controlling as-built floorbeam rating factors (numbers below 1.0 are red, controlling values are shaded in yellow).
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The steel floorbeams are in fair condition overall with
areas of localized light rusting throughout (see
Photo 12). Per the previous inspections, section loss
is commonly present on the web and bottom flange of
the floorbeams, typically 1/16" deep but with isolated
locations exhibiting up to 1/8" deep. The corrosion is
typically more advanced at the north end of the
southbound lane and is likely due in part to the large
number of salt-carrying trucks traveling over the bridge
from the salt distribution facility north of the structure.
As-inspected load ratings were calculated based on
reduced floorbeam capacities due to the documented
member section losses. While the as-built rating
factors are above 1.0 for all floorbeams, the HS20-44
Inventory rating factors for the as-inspected sections
are below 1.0 for eight of the eleven floorbeam
members (see Table 16).

Photo 12 – Typical floorbeam bottom flange condition from
2009 in-depth inspection. Note typical light rusting
with isolated 1/8″ pitting.

While the floorbeams will not be impacted by the proposed sidewalk modifications, it is recommended that
floorbeams with rating factors below 1.0 be strengthened during upcoming construction activities in order to
increase the useful life of the bridge.

Location
FB 0
FB 1
FB 2
FB 3
FB 4
FB 5
FB 6
FB 7
FB 8
FB 9
FB 10

AS-INSPECTED
FLOORBEAMS CONTROLLING RATING FACTORS
HS20
HS20
2F1
3F1
4F1
Inventory Operating Operating Operating Operating
1.73
0.54
0.55
0.77
0.95
0.93
0.56
0.84
0.80
0.50
1.61

2.89
0.91
0.91
1.28
1.59
1.56
0.93
1.40
1.34
0.84
2.68

5.35
1.83
1.84
2.58
3.20
3.14
1.88
2.83
2.70
1.69
4.96

3.73
1.23
1.24
1.73
2.15
2.10
1.26
1.90
1.81
1.14
3.46

3.44
1.09
1.10
1.54
1.91
1.87
1.12
1.69
1.61
1.01
3.20

5C1
Operating
3.81
1.25
1.26
1.77
2.19
2.15
1.28
1.93
1.84
1.16
3.54

Table 16 – Controlling as-inspected floorbeam rating factors (numbers below 1.0 are red, controlling values are shaded in
yellow).
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The roadway stringers consist of rolled steel W21x68 sections which were installed during the 2010
Rehabilitation. Because the stringers were installed recently, no notable section loss is present on these
members. As a result, the as-inspected load rating factors are equal to those from the as-built analysis. All
of the steel roadway stringers rate above 1.0 for all load cases in the existing configuration (see Table 17).
Similar to the floorbeams, the load ratings of these elements are not influenced by the proposed sidewalk
modifications and are governed by positive moment at midspan. Also note that the stringers in the end
bays govern due to the additional dead load from the concrete filled grid deck in these bays.

Location
End
Interior

AS-INSPECTED
ROADWAY STRINGERS CONTROLLING RATING FACTORS
HS20
4F1
HS20
2F1
3F1
5C1
Bays
Inventory Operating Operating Operating Operating Operating
1 and 10
2 thru 9

2.32
2.34

3.87
3.90

6.22
6.27

4.35
4.38

4.07
4.10

4.55
4.59

Table 17 – Controlling as-inspected stringer rating factors (numbers below 1.0 are red, controlling values are shaded in
yellow).

Gusset Plates
The gusset plates were analyzed and load rated to account for their as-built and as-inspected conditions,
utilizing the following specifications:
•
•
•

ODOT Bridge Design Manual, 2004 Edition
AASHTO Standard Specifications for Highway Bridges, 17th Edition, 2002
FHWA Load Rating Guidance and Examples for Bolted and Riveted Gusset Plates in Truss
Bridges, 2009

The gusset plates were analyzed for the HS20-44 truck and lane loads for inventory and operating levels,
and for operating levels of the Ohio legal loads 2F1, 3F1, 4F1, and 5C1. As the lift span length is greater
than 200 feet, ODOT’s truck train configuration for long span bridges was considered. Pedestrian load
combinations were considered on the exterior walkways in conjunction with live loads. Assumptions made
for the as-inspected analysis utilized findings noted during the 2009 in-depth bridge inspection.
Panel points are numbered from south to north and are
symmetric about Panel Point 5 (at midspan). Gusset
plate nomenclature consists of upper or lower (1 –
upper, 2 – lower) and panel point number (0 through
10) (see Photo 13).

Photo 13 – Typical upper chord gusset plate connection (U8
East inboard plate shown).
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The Load Factor Rating method was performed using a modified version of the 2009 Rating Excel
spreadsheet provided by the ODOT Office of Structural Engineering that is based upon the FHWA Load
Rating Guidance and Examples for Bolted and Riveted Gusset Plates in Truss Bridges (FHWA-IF-09-014).
Modifications to the Rating Excel spreadsheet are as follows:
1. Allows for vertical members to be non-perpendicular to the chord.
2. As-inspected losses columns were added to allow for individual losses for Tensile, Whitmore and
Shear regions to be applied to each gusset.
3. Allows for three (3) connector yield strengths to be identified in truss member connections.
4. Allows for two (2) connector diameters to be identified in truss member connections.
5. Allows for connector shear check to be ignored where truss member bears directly on pin.
6. Allows for force reduction factors to be applied where splice plates are present.
7. Allows for buckling checks to be ignored where members are in tension only and where vertical
members extend through chord connections.
Rating Assumptions
Truss primary members typically connect to the gusset
plate inboard faces, while floorbeams and cantilever
brackets connect directly to the gusset plate outboard
faces (see Photo 14). Chord members terminating at
the gusset plates are also connected by additional web
and flange splice plates, and these members help
transfer the forces in the chord members through the
panel point locations.
Due to the non-standard member layouts at the end
panel points, multiple Whitmore width and block shear
capacity measurements intersect adjacent truss
members. Vertical member connections typically Photo 14 – Typical lower chord gusset plate connection with
isolated active corrosion (L9 West shown).
extend through the chords at these locations,
eliminating tension planes from block shear capacity
measurements. Additionally, these vertical members were not analyzed for local compression buckling.
See Figure 9 for an overview of how the failure plane measurements were used in order to determine
capacities utilized for each gusset plate. See Volume II for the complete layout of all gusset plate failure
planes and their subsequent capacity measurements.

Willow Avenue Lift Bridge
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Figure 10 – Typical capacity measurements along upper and lower gusset plates (east elevations of U1 and L3 shown).

As-inspected conditions were accounted for by applying percentage reductions to the appropriate capacity
measurements illustrated in Figure 10. Based on the 2009 in-depth inspection, only minor section loss
was noted in isolated locations on the gusset plates. Because the gusset plates are comprised of A441
high strength steel while the fasteners are of unknown strength and are thus assumed to have a relatively
low allowable strength, it was anticipated that the shear strength of fasteners would govern the rating.
However, to account for the effect of any possible section losses in the gusset plates, a 10% reduction to
the capacity was utilized along all failure planes to account for gusset plates which may have minor surface
corrosion.
Below is a list of assumptions made for the rating of the gusset plates:
1. Gusset plates consist of ASTM A441 high strength steel with mechanical properties that vary
based on plate thickness. Because all of gusset plates on the structure are less than or equal to
3/4" thick, Fy = 50 ksi and Fu = 70 ksi.
2. Splice plates also consist of ASTM A441 high strength steel, and mechanical properties vary based
on the individual plate thicknesses.
3. The high strength fasteners, consisting of both shop rivets and field bolts, are of unknown strength.
The BDM Figure 908 identifies the allowable shear stress of gusset plate bolts as ϕFv = 17 ksi for
bolts in structures built after 1965. However, due to the fact that design plans call out the bolts as
“high strength,” an allowable shear stress of ϕFv = 21 ksi per Table 1 of the FHWA Load Rating
Guidance and Examples For Bolted and Rivet Gusset Plates in Truss Bridges was used for the
rating. This allowable shear stress ϕFv = 21 ksi is likely still conservative, as current high strength
bolts have allowable shear stress values ranging from 36 to 56 ksi.
4. The connector hole diameter was assumed to be 1/8" wider than the connector for net section
calculations (AASHTO 10.16.14.6). Per the shop drawings, rivets are 7/8" diameter throughout
with 15/16" holes, resulting in 1" diameter holes for net section calculations.
5. Per the gusset plate shop drawings, upper chord members were milled to bear throughout.

33

34

2015 Preliminary Engineering Study
For Cleveland Metroparks

6. Lateral constraints to gusset plates were ignored.
7. The design K value used in the analysis is
1.20.
8. Where splice plates are present, a calculated
portion of the chord axial force (based on the
capacity of each splice plate and splice plate
connection) is transferred to the gusset plates
in lieu of the full force (see Photo 15).
9. Forces used in the load rating are the
maximum live load, dead load, and pedestrian
forces taken from the truss member rating
analysis.
10. Buckling checks were ignored where vertical
member connections extend through chords.
Buckling checks were also ignored for nonreversal tension members.

Photo 15 – Typical lower chord splice at lower panel point
(interior of lower East Truss L2 shown). Note
isolated tack welds along flange splice plates.

11. Any contribution from fill plates is ignored in capacity calculations.
12. 10% section loss was assigned to gusset plates with no significant section loss noted during the
2009 inspection.
Analysis Results
Existing Condition
From the previous assumptions, the following as-inspected rating factors were developed for the upper and
lower chord panel points based on the current configuration of the lift span truss (see Table 18). Due to
symmetry, the rating factors for the East and West Trusses are the same. Additionally, the truss is
symmetric about Panel Point 5; therefore, the rating factors for the corresponding mirrored panel points are
equal and have been paired together. As mentioned previously, a conservative global loss in section of
10% was assumed for all plates to account for the active corrosion that has been noted in previous
inspections.
All as-inspected rating factors are controlled by fastener capacity, with the plates at U1 & U9 and L2 & L8
having ratings of 1.08 for HS20-44 Truck Train. These upper and lower chord plates have the same rating
factors because they share common diagonals (L2-U1, L8-U9) that have the same number of fasteners at
the upper and lower connections. Overall, all gusset plates have controlling ratings factors above 1.0 for
HS20-44 Inventory and all Operating loads. Non-pedestrian load combinations control the HS20-44
Inventory ratings, while truck and pedestrian loading controls all Operating load cases. For a full list of
gusset plate rating factors, see Volume II.
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Chord

EXISTING CONDITION: AS-INSPECTED
LIFT SPAN TRUSS CONTROLLING GUSSET PLATE RATING FACTORS
Panel
HS20
HS20
2F1
3F1
4F1
5C1 HS20 Truck 5C1 Truck
Point
Inv
Oper
Oper
Oper
Oper
Oper
Train
Train

Upper

U0, U10
U1, U9
U2, U8
U3, U7
U4, U6
U5

1.16
1.10
1.38
2.48
3.66
4.61

1.65
1.56
2.04
3.91
6.02
7.39

6.97
5.82
6.36
9.17
13.87
29.49

4.58
3.83
4.18
6.04
9.16
19.33

3.93
3.29
3.60
5.20
7.90
16.59

2.83
2.39
2.64
3.88
6.03
12.18

1.16
1.08
1.52
2.96
5.31
5.01

1.58
1.44
1.77
3.50
7.20
6.91

Lower

L0, L10
L1, L9
L2, L8
L3, L7
L4, L6
L5

7.07
1.16
1.10
1.38
2.48
2.49

11.52
1.65
1.56
2.04
3.91
3.85

48.64
6.97
5.82
6.36
9.17
13.87

31.93
4.58
3.83
4.18
6.04
9.15

27.40
3.93
3.29
3.60
5.20
7.90

19.73
2.83
2.39
2.64
3.88
6.03

8.12
1.16
1.08
1.52
2.96
2.66

11.04
1.58
1.44
1.77
3.50
3.60

Table 18 – Controlling as-inspected truss gusset plate rating factors (numbers below 1.0 are red, controlling values are shaded in yellow).

Because the gusset plate ratings were controlled by the capacity of the fasteners, Table 19 was developed
showing the controlling rating factors that are based on the capacity of the gusset plates themselves. As
the table shows, even with a conservative amount of section loss applied (10%), the existing gusset plates
are very robust with the lowest rating factor for the plates not based on fastener capacity of 2.81 for the
plates at L1 and L9.
EXISTING CONDITION: AS-INSPECTED LIFT SPAN TRUSS CONTROLLING
GUSSET PLATE RATING FACTORS - NOT INCLUDING FASTENER CAPACITY CHECK
Panel
HS20
HS20
2F1
3F1
4F1
5C1 HS20 Truck 5C1 Truck
Chord
Point
Inv
Oper
Oper
Oper
Oper
Oper
Train
Train

Upper

U0, U10
U1, U9
U2, U8
U3, U7
U4, U6
U5

4.25
3.87
6.38
10.03
12.57
74.51

6.80
6.19
10.39
16.52
20.90
124.36

28.71
23.14
32.32
38.73
48.17
20694

18.84
15.20
21.26
25.51
31.79
20694

16.17
13.06
18.28
21.97
27.45
298.28

11.65
9.49
13.43
16.40
20.95
218.99

4.79
4.29
7.70
12.50
26.27
90.14

6.51
5.71
8.97
14.79
27.58
124.25

Lower

L0, L10
L1, L9
L2, L8
L3, L7
L4, L6
L5

69.54
2.81
3.69
3.42
3.76
3.58

115.78
4.39
5.88
5.40
5.96
5.67

451.60
18.54
21.99
21.45
23.72
22.56

315.78
12.17
14.45
14.14
15.60
14.83

275.43
10.45
12.41
12.12
13.36
12.70

198.40
7.52
9.02
8.76
9.72
9.24

81.61
3.09
4.08
3.65
4.11
3.91

110.97
4.21
5.43
5.06
5.57
5.30

Table 19 – Controlling as-inspected truss gusset plate rating factors excluding connector capacity checks (numbers below 1.0 are red,
controlling values are shaded in yellow).
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Alternative 2
For Alternative 2, the existing sidewalk on the outboard side of the West Truss will be replaced with a new
10' wide bike path, while the existing sidewalk on the east side of the bridge will remain. Additionally,
ballast will be added along the East Truss to balance the dead load weight addition of the new bike path
along the west side of the lift span. Please note that this alternative results in the greatest increase in dead
loads and live loads on the structure of the five truss modification alternatives. Because of the larger
pedestrian loading on the new wider bike path on the west side of the lift span as part of this alternative, the
rating factors for the West Truss gusset plates control the ratings. As such, Table 20 shows the controlling
rating factors for the gusset plates on the West Truss. For the East Truss gusset plate ratings, please see
Volume II.

Chord

ALTERNATIVE 2: AS-INSPECTED LIFT SPAN
WEST TRUSS CONTROLLING GUSSET PLATE RATING FACTORS
HS20
Panel
HS20
2F1
3F1
4F1
5C1 HS20 Truck 5C1 Truck
Inv
Train
Point
Oper
Oper
Oper
Oper
Oper
Train

Upper

U0, U10
U1, U9
U2, U8
U3, U7
U4, U6
U5

0.70
0.65
1.07
2.39
3.62
4.49

0.88
0.81
1.34
3.30
5.79
6.56

3.72
3.01
4.17
7.74
13.34
26.19

2.44
1.98
2.74
5.10
8.80
17.17

2.09
1.70
2.36
4.39
7.60
14.73

1.51
1.24
1.73
3.28
5.80
10.82

0.62
0.56
0.99
2.50
4.74
4.45

0.84
0.74
1.16
2.95
5.80
6.14

Lower

L0, L10
L1, L9
L2, L8
L3, L7
L4, L6
L5

6.98
0.70
0.65
1.07
2.39
2.37

10.76
0.88
0.81
1.34
3.30
3.02

45.43
3.72
3.01
4.17
7.74
12.03

29.82
2.44
1.98
2.74
5.10
7.91

25.59
2.09
1.70
2.36
4.39
6.77

18.43
1.51
1.24
1.73
3.28
4.93

7.58
0.62
0.56
0.99
2.50
2.09

10.31
0.84
0.74
1.16
2.95
2.83

Table 20 – Controlling as-inspected truss gusset plate rating factors for Alternative 2 (numbers below 1.0 are red, controlling values are
shaded in yellow).

As the table shows, the gusset plate rating factors are substantially reduced from the existing condition as a
result of adding the new 10' bike path as part of this alternative, with 6 upper chord and 6 lower chord
plates now having rating factors below 1.0. The gusset plates at U1 & U9 and L2 & L8 control the ratings
with Operating rating factors of 0.56 for HS20-44 Truck Train. The truck and pedestrian loading controls all
Operating load cases and the non-pedestrian load combinations control for HS20-44 Inventory.
Additionally, the ratings are once again controlled by the capacity of the fasteners. As discussed
previously, it was assumed that the allowable stress of the gusset plate fasteners was ϕFv = 21 ksi per
FHWA guidelines. No strength for the fasteners was given in the original design plans or shop drawings,
although these drawings call for shop rivets and “high strength bolts”. The allowable stresses for current
high strength bolts range from 36 ksi to over 56 ksi; therefore, it is very feasible that the existing fasteners
on the structure have an ϕFv value much greater than the 21 ksi that was assumed per FHWA guidelines.
Because of this, it is recommended that the existing fasteners on the structure be sampled and tested to
determine the actual strength of both the shop rivets and field bolts to determine if replacement is
warranted. Based on our analysis, an allowable shear strength of 24.5 ksi is needed in order to bring all
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gusset plate rating factors above 1.0. This value would result in adequate rating factors for all of the other
four truss modification alternatives as well, since this alternative results in the greatest increase in dead
loads and live loads on the structure.
Alternative 4
For Alternative 4, the existing sidewalk on the outboard side of the West Truss will be replaced with a new
10' wide bike path, while the existing sidewalk on the east side of the bridge will remain. Additionally, the
existing steel plate barrier along the West Truss will be removed and replaced with a lighter twin-tube traffic
railing and ballast will be added along the East Truss to balance the weight addition of the new bike path.
Similar to Alternative 2, because of the larger pedestrian loading on the new wider bike path on the west
side of the lift span, the rating factors for the West Truss gusset plates control the ratings. As such,
Table 21 shows the controlling rating factors for the gusset plates on the West Truss. For the East Truss
gusset plate ratings, please see Volume II.

Chord

ALTERNATIVE 4: AS-INSPECTED LIFT SPAN
WEST TRUSS CONTROLLING GUSSET PLATE RATING FACTORS
Panel
HS20
HS20
2F1
3F1
4F1
5C1 HS20 Truck 5C1 Truck
Point
Inv
Oper
Oper
Oper
Oper
Oper
Train
Train

Upper

U0, U10
U1, U9
U2, U8
U3, U7
U4, U6
U5

0.79
0.72
1.15
2.44
3.64
4.56

0.98
0.91
1.43
3.38
5.82
6.67

4.15
3.39
4.46
7.93
13.41
26.63

2.73
2.22
2.93
5.22
8.85
17.45

2.34
1.91
2.52
4.50
7.64
14.98

1.69
1.39
1.85
3.36
5.83
11.00

0.69
0.63
1.06
2.56
4.82
4.53

0.94
0.84
1.24
3.03
5.83
6.24

Lower

L0, L10
L1, L9
L2, L8
L3, L7
L4, L6
L5

7.04
0.79
0.72
1.15
2.44
2.44

10.86
0.98
0.91
1.43
3.38
3.13

45.86
4.15
3.39
4.46
7.93
12.47

30.10
2.73
2.22
2.93
5.22
8.20

25.83
2.34
1.91
2.52
4.50
7.02

18.61
1.69
1.39
1.85
3.36
5.11

7.65
0.69
0.63
1.06
2.56
2.16

10.41
0.94
0.84
1.24
3.03
2.93

Table 21 – Controlling as-inspected truss gusset plate rating factors for Alternative 4 (numbers below 1.0 are red, controlling values are
shaded in yellow).

As the table shows, the gusset plate rating factors are substantially reduced from the existing condition as a
result of adding the new 10' bike path; however, the rating factors are greater than those for Alternative 2,
with only 4 upper chord and 4 lower chord plates now having rating factors below 1.0. This is due to the
fact that the steel barrier plate along the West Truss is to be removed and replaced with a new lighter twintube traffic railing as part of this alternative. This will decrease the net amount of dead load that will be
added to the West Truss and also the amount of counter ballast that will need to be added to the East
Truss. The gusset plates at U1 & U9 and L2 & L8 still control the ratings, with Operating rating factors of
0.63 for HS20-44 Truck Train. The truck and pedestrian loading controls all Operating load cases and the
non-pedestrian load combinations control for HS20-44 Inventory. Additionally, the ratings are once again
controlled by the capacity of the fasteners and may be able to be increased based on the results of material
testing on the existing fasteners.
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Edge Stiffness Requirements
All of the gusset plates on the lift span truss do not meet the current unbraced free edge stiffness
requirements of AASHTO 10.16.11.3. With the exception of the end gusset plates at Panel Points 0 and
10, all of the gusset plates have multiple free edges that do not meet the AASHTO requirements. Edge
stiffening angles could be installed along these free edges in order to bring these elements up to current
standards.
Fatigue Analysis
The ODOT Bridge Design Manual requires the remaining life to be calculated based upon AASHTO’s
Guide Specification for Fatigue Evaluation of Existing Steel Bridges, 1990 and all Interims with additional
modifications as specified within the BDM. The finite remaining life (Yf) is calculated by multiplying the
fatigue life based on future volume (YN) by a factor. This factor is dependent upon the present age of the
bridge (YP) and fatigue life based upon past volumes of traffic (Y1). The remaining life will be the shortest
when both YN and Y1 are minimized. The fatigue life is most dependent upon the stress range experienced
by the member (Sr), the fatigue category detail (K), and the reliability factor (RS) (see Figure 11). If the
product of the reliability factor and stress range is less than the tabulated limiting stress range for finite life
(SFL), then the fatigue life for that member is considered infinite and no further fatigue calculations are
required.
𝑌𝑌𝑃𝑃
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Figure 11 – Finite remaining life equations per AASHTO Guide Specification for Fatigue Evaluation of Existing Steel Bridges, 1990.

There are two types of life that can be calculated: mean life and safe life. The remaining “mean life” is a
lifespan that will most accurately predict the number of remaining years. The remaining “safe life” is a very
conservative calculation for the number of years remaining for a particular member. The degree of safety
for “safe life” is so high that AASHTO’s Guide Specification for Fatigue Evaluation of Existing Steel Bridges,
1990 states “…the probability that the actual remaining life will exceed the remaining safe life is 97.7
percent for redundant members and 99.9 percent for nonredundant members.” The stringers on the lift
span were treated as redundant members, while the floorbeams and truss members were treated as nonredundant members.
The stress range was produced by using a single HS15 fatigue truck (see Figure 12). An impact of 15%
was used per the BDM. The average daily truck volume (TP) was calculated by multiplying the fraction of
trucks in the outer lane (FL) by the actual average daily truck traffic volume (ADTT). The fraction, FL, is
taken from the AASHTO Guide Specifications and is based upon the number of lanes and 2-way traffic.
The ADTT of 3350 was taken from the 2015 Bridge Inspection Report for the bridge.

Figure 12 – Fatigue Truck Configuration.
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The stringers, floorbeams, and truss members on the lift span were analyzed to determine the minimum
remaining fatigue life of each member based on the ADTT. Note that the addition of the wider bike paths
as part of the alternatives per this study do not affect the fatigue life, as none of the five modification
alternatives affect the roadway framing configuration.
STRUCTURE RATINGS - TOWER MEMBERS
The towers on the Willow Lift Bridge are 146' tall with a 39'-0" (east
to west) by 19'-0" (north to south) footprint (see Photo 16). The
tower is comprised of built-up box sections for the forward (river
side) column legs, built-up I-sections for the rear (land side) column
legs, and rolled I-section struts and diagonals that are oriented
about their weak axis. These members are composed of either A7
or A36 steel and are considered to have a yield strength (Fy) of 33
ksi and an ultimate strength (Fu) of 60 ksi to be conservative. The
towers are identical and are mirrored about the channel. A 316'
long Pratt truss connects the tops of the two towers and is
comprised of rolled I-sections throughout. This truss serves as a
strut to brace the towers and also carries utilities and electrical
operating conduit for the bridge. The towers sit atop solid
reinforced concrete pier substructure units with caissons and
battered piles. The operating machinery for the structure is situated
at the top of each tower and is enclosed in a machine house
structure. Two 182.4" diameter counterweight sheaves are
perched atop each tower and each sheave is supported by two
built-up I-section sheave support girders. The main counterweights
are comprised of steel and concrete with steel auxiliary
counterweight chains attached to the bottom.

Photo 16 – North elevation of South Tower of
Willow Lift Bridge with lift span in
closed (seated) position.

While the roadway runs through each tower at the base, the framing for the roadway members is
completely independent of the tower; therefore, the towers do not see any vehicular live load. A 3'-7" wide
sidewalk frames into the outboard side of each tower. At the forward column, the sidewalk is cantilevered,
while at the rear column, the ends of the sidewalk bear on top of a concrete wall.
As mentioned previously, the structure was built in 1965, and was rehabilitated in 1987 and again in 2010.
The 1987 rehabilitation saw only minor modifications to the towers, with cable guard plates being added to
the forward column legs and a new access platform installed at mid-height of the tower. The tower
elements affected by the most recent rehabilitation were the sidewalks, which were completely replaced
with new framing members and new fiberglass open grid deck that replaced the original concrete filled grid
deck, and the operating machinery, which had selected components replaced. These changes, along with
those made to the lift span roadway, resulted in only minor changes to the loads seen by the tower
members.
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The naming convention of the tower members will be per the original design plans, which is based on the
numbering of the joints. Please see Figure 13 for a diagram of joint numbers.

Figure 13 – Naming nomenclature for the tower members per original plan sheet.

A three-dimensional (3D) model of the
towers and upper truss strut was created
utilizing the STAAD.Pro V8i (see
Figure 14). The program utilizes finite
element methodology to determine
structural member responses to loads
applied in all three directions with respect
to the structure’s global axes. The
structure was analyzed in both the
“closed” (lift span seated) and “open” (lift
span raised) positions and subjected to a
combination of static and dynamic forces.
Upper truss strut members and the tower
horizontal and diagonal bracing members
were defined as “truss elements” with their
ends treated as pinned connections and
assumed to carry axial loads only.

Figure 14- STAAD model of towers used in analysis
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The four columns and four sheave girders on each tower were defined as “beam elements,” which are
capable of carrying axial, shear, and moment forces. The upper panel shear plates on the north and south
faces of the towers were modeled as “plate elements”. These elements were used in the model to provide
torsional stiffness at the top of the tower and to transfer moments and shear forces from the sheave girders
into the tower forward columns. Member capacities for beam elements were determined based upon
factored axial, flexural, shear, and combined compressive and flexural stress resistances as defined in
AASHTO LRFD Bridge Design Specifications. STAAD was also used to apply various transverse and
longitudinal wind loadings and dynamic loadings from the operating machinery to the towers and upper
truss and determine the resultant forces. The 3D model was developed using the geometry, sections
properties, and loads designated in the original design drawings along with the 1987 and 2010
rehabilitation plans. The output from this model was utilized to determine as-built Capacity to Demand
(C/D) ratios for the tower members to establish a baseline to compare with the results of the analysis of the
bike path alternatives.
Because no significant section losses were noted on either tower structure during the 2009 TranSystems’
in-depth inspection or the 2014 Jones Stuckey routine inspection, no as-inspected model was developed
and all member capacities were based on as-built sections. Additionally, due to the absence of section loss
and the symmetric nature of the towers, only one tower was analyzed and the results mirrored to reflect the
other tower.
The Willow Lift Bridge structural configuration provides the lift span truss with its own bearing devices while
in the “closed” position and is, therefore, independent of the towers. As a result of this independent loading
condition, the towers members do not carry live loads, as all loads on the lift span truss are transferred
directly to the bearings when the bridge is seated. Due to this absence of live loads, the conventional load
rating equations presented previously are not valid. Therefore, a comparison of C/D ratios was performed
in place of a traditional load rating analysis that uses rating factors. The upper truss between the towers
was not rated because it was assumed to act as a strut and only provided bracing between the towers.
The lift span truss and counterweights were not included in the 3D STAAD model of the towers. All loads
from these elements were applied as point loads. The dead load of the lift span and counterweight were
applied as vertical point loads to the sheave girders at the top of each tower and the wind loads were
applied as horizontal loads to the tower columns via the counterweight and span guide rails. The dead load
weights of the lift span and counterweights were based on counterweight rope tension measurements
taken by SBE prior to the 2009 rehabilitation. These rope tensions were modified to reflect the work that
was performed during the last rehabilitation to give an accurate estimate of the weight of the lift span and
counterweights. Transverse and longitudinal wind loadings were applied to the exposed areas of the
structure per the AASHTO LRFD Movable Highway Bridge Design Specifications and the towers were
analyzed with the lift span in both the open and closed positions to maximize wind load effects.
Additionally, dead load dynamic load allowance (DAD) and force effects due to machinery loads (DAM)
were calculated and applied per the AASHTO LRFD Movable Highway Bridge Design Specifications.
The towers were analyzed with the following loading combinations per the AASHTO LRFD Movable
Highway Bridge Design Specifications:
Group 1: Strength BV-I – 1.55 x Dead Load Span Open + 1.55 x DAD + 1.55 x DAM
Group 2: Strength BV-II – 1.25 x Dead Load Span Open + 1.25 x Wind + 1.25 x DAD + 1.25 x DAM
Group 3: Strength BV-III – 1.25 x Dead Load Span Closed + 1.40 x Vehicular Live Load
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Additionally, the follow loading combination from the AASHTO LRFD Bridge Design Specifications was
considered:
Group 4: 1.25 x Dead Load + 1.4 x Wind + 1.2 x Temperature
Several load factors in Group 4 did not apply due to the towers’ configuration and material composition.
Below is a list of conditions and assumptions made to the Group 4 load factors:
•

•
•
•
•
•

Settlement: For piles embedded adequately into dense granular soils such that the
equivalent footing is located on or within the dense granular soil, and furthermore are not
subjected to down drag loads, a detailed assessment of the pile group settlement may be
waived.
Water Loads: No water load is present on the substructure of the bridge.
Friction: Friction force is only present in the “closed” position, which will not transfer to the
towers.
Creep: Typically used for wood and concrete and not applicable to towers.
Shrinkage: Typically used for composite structures and not applicable to towers.
Temperature Gradient: Towers are all one material and therefore a gradient is not
applicable.

Due to the fact that the towers do not see the effects of pedestrian loading on the lift span, the only factors
affecting the C/D of the tower members between alternatives are the added weight to the lift span and the
out-to-out width of the cross section that will affect the wind loading on the underside of the deck.
Analysis Results
Capacity to Demand (C/D) ratios were calculated for axially loaded members and flexural members, in
which the LRFD calculated member capacities are compared directly to the maximum load seen in the
members from the four load combinations listed previously. Adequate axial and flexural members have a
C/D ratio greater than 1. Members which undergo combined axial compression and flexural stresses are
analyzed by the combined stress equations in which a ratio is determined of the allowable stresses divided
by actual stresses in all applicable stress planes taken from AASHTO LRFD Bridge Design Specifications
Article 6.9.2.2. Adequate combination members have a combined stress ratio that is greater than 1. The
controlling tower member summaries under the existing as-inspected conditions are shown in Table 22.
EXISTING CONDITION: AS-INSPECTED CONTROLLING TOWER C/D RATIOS
Member Type

Member

Rating Factor

Loading Type

Water Side Column
Land Side Column
Strut

J8-H8, J14-H14
C7-B7, C1-B1
B5-B4, B4-B3

1.00
1.42
1.40

Interaction of Flexure and Compression
Interaction of Flexure and Compression
Tension

Diagonal
Sheave Girder

H14'-G1', H8'-G7'
---

1.75
1.09

Tension
Moment

Table 22 – Controlling capacity to demand ratios for as-inspected tower members (numbers below 1.0 are red, controlling
values are shaded in yellow).
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As the table above shows, the controlling members of the towers are the water side (forward) columns at
the base of the towers with a 1.00 C/D ratio. These members see the highest moment as they are adjacent
to the fixed supports at the base of the columns. The controlling load case for the these tower members is
Group 2, which takes into account selfweight dead load of the towers and lift span, transverse wind on the
structure with the lift span in the open position, and dynamic load effects from the lifting operations of the
bridge. The land side (rear) columns, struts, and diagonals all have C/D ratios well above 1.0.
The sheave girder is controlled by moment induced by the Group 1 loading with a C/D ratio of 1.09. The
Group 1 loading takes into account selfweight dead load and dynamic load effects from the lifting
operations of the bridge, with each being magnified by a 1.55 factor.
Alternative 2
For Alternative 2, the existing sidewalk on the outboard side of the West Truss will be replaced with a new
10' wide bike path, while the existing sidewalk on the east side of the bridge will remain. Additionally,
ballast will be added along the East Truss to balance the dead load weight addition of the new bike path
along the west side of the lift span. Table 23 shows the controlling C/D ratios for the tower members as a
result of the weight additions from this alternative.
ALTERNATIVE 2 - CONTROLLING TOWER C/D RATIOS
Member Type

Member

Rating Factor

Loading Type

Water Side Column

J8-H8, J14-H14

0.99

Interaction of Flexure and Compression

1.40
1.32
1.74
1.03

Interaction of Flexure and Compression
Tension
Tension
Moment

Land Side Column
C7-B7, C1-B1
Strut
B5-B4, B4-B3
Diagonal
H14'-G1', H8'-G7'
Sheave Girder
---

Table 23 – Controlling capacity to demand ratios for as-inspected tower members for Alternative 2 (numbers below 1.0 are
red, controlling values are shaded in yellow).

Under this alternative, the controlling C/D ratio for the water side (forward) columns decreases from 1.00 in
the existing condition to 0.99 due to the added dead and wind loads in the Group 2 loading. Due to this
C/D ratio being under 1.0, the J8-H8 and J14-H14 columns will require strengthening under this alternative
through the addition of cover plates on the column webs. Note that the controlling C/D ratio decreased only
by 0.01 because the added dead load from this alternative, which is the only significant variable affecting
the towers, is small compared to the total dead load on the structure from the selfweight of the towers, lift
span, and counterweights. The sheave girders and struts controlling C/D ratios drop 6% to 1.03 and 1.32,
respectively, while the land side (rear) columns and diagonals see smaller percentage decreases in the
C/D ratios.
Alternative 4
For Alternative 4, the existing sidewalk on the outboard side of the West Truss will be replaced with a new
10' wide bike path, while the existing sidewalk on the east side of the bridge will remain. Additionally, the
existing steel plate barrier along the West Truss will be removed and replaced with a lighter twin-tube traffic
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railing and ballast will be added along the East Truss to balance the weight addition of the new bike path.
The controlling C/D ratios for the tower members for Alternative 4 are presented below in Table 24.
ALTERNATIVE 4 - CONTROLLING TOWER C/D RATIOS
Member Type

Member

Rating Factor

Loading Type

Water Side Column

J8-H8, J14-H14

1.00

Interaction of Flexure and Compression

Land Side Column

C7-B7, C1-B1

1.41

Interaction of Flexure and Compression

Strut
Diagonal

B5-B4, B4-B3
H14'-G1', H8'-G7'

1.37
1.75

Tension
Tension

Sheave Girder

---

1.06

Moment

Table 24 – Controlling capacity to demand ratios for as-inspected tower members for Alternative 4 (numbers below 1.0 are
red, controlling values are shaded in yellow).

As the table above shows, the effects of the additional dead and wind loads from Alternative 2 are not
significant enough to drop the C/D ratio for the water side (forward) column members J8-H8 and J14-H14
at the base of the towers below 1.0. This is due to the fact that the additional dead load from Alternative 2
is very small compared to the selfweight of the structure; therefore, the addition is insignificant. The
controlling C/D ratios for the sheave girders and struts decrease by 0.03 to 1.06 and 1.37, respectively, and
the land side (rear) tower column drops by 0.01 to 1.41. The controlling C/D ratio for the diagonal members
is unchanged at 1.75.
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VII.II MECHANICAL ANALYSIS
In addition to the analysis of the structural members, an analysis of the mechanical components was also
performed to determine the effects of the proposed alternatives. SBE evaluated the effect of the weight
additions due to the proposed alternatives on the integrity of the primary mechanical support components,
as well as on the capacity of the prime mover. The analysis looked at three primary cases:
Case 1 – Remove existing west sidewalk and replace with 10'-0" bike path, existing east sidewalk
remains (Alternative 2)
Case 2 – Remove existing west sidewalk and replace with 10'-0" bike path, remove existing east
sidewalk (Original Alternative 4)
Case 3 – Remove existing west sidewalk and replace with 10'-0" bike path, remove existing steel
plate barrier along west truss and replace with new traffic railing, existing east sidewalk
remains (Alternative 4)
For each load case, the weight changes necessary to achieve an acceptable balance condition were
determined. Since the weight changes are not a closed form solution, several different iterations were
evaluated for each solution. Once the weight changes were determined for each iteration, the effect of the
weight changes on the span support components and the motors and brakes were determined. The results
of the analysis are as follows:
SPAN DRIVE SYSTEM ANALYSIS
Span Drive Motors
The span drive motors drive the operating machinery in the towers that lift and lower the span. Currently,
the Willow Lift Bridge has four motors, with two located in each tower. The existing span drive motors on
the bridge have sufficient capacity to accommodate all weight change options under consideration.
Calculations performed by SBE indicated that under the worst case weight addition (Alternative 2), the
required motor horsepower remains within the available horsepower of the existing motors.
Span Drive Brakes
There are brakes in two locations on each span drive system of the bridge in its current configuration, with
a set of two drum style brakes at each location. The motor brakes are located on the shaft that connects
the drive motor to the primary gear reducer while the machinery brakes are located on the shaft that runs
from the primary gear reducer to the pinion that drives the sheaves. The span drive brakes have sufficient
capacity to accommodate all weight change options under consideration. The calculations performed by
SBE indicated that under the worst case weight addition (Alternative 2), the brakes will require adjustments;
however, the brakes have adequate capacity to accommodate the required adjustments.
Counterweight Ropes
The counterweight ropes, which support the lift span at each corner and run over the counterweight
sheaves to connect to the counterweight, have sufficient capacity to accommodate all weight change
options under consideration, with only a 4% reduction in safety factor from the code specified factor under
the worst case weight addition (Alternative 2). This reduction is not regarded as significant.
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COUNTERWEIGHT SHEAVE FATIGUE ANALYSIS
The counterweight sheave trunnions are the shafts which support the counterweight sheaves and are about
which the sheaves rotate. These trunnions support the entire weight of the lift span and also the
counterweights, as both are suspended from the counterweight ropes that are draped over the sheave.
Therefore, since any weight added to the lift span must be also added to the counterweight to maintain
balance, the effect of adding weight to the lift span for the proposed bike path will be doubled for the
sheave trunnions.
The counterweight sheave trunnions are the components which are most affected by the proposed
alternatives. Direct loading of the trunnions with the additional weight of the alternatives is not a problem;
however, the fatigue life of the trunnions was determined to be a concern and warranted further analysis.

Figure 15 – Counterweight sheave trunnion compound fillet detail.

Engineering analysis was performed to evaluate the fatigue life design of the trunnions using current
AASHTO requirements. The trunnions have a compound fillet which complicates the fatigue analysis, as
there is no simple stress concentration factor to account for the fillet geometry (see Figure 15). Calculation
iterations were performed to account for the effect of several different stress concentration factors based on
the varying fillet radii. Under the effect of the 2" radius, which comprises the majority of the fillet, the
trunnion rates for infinite fatigue life. Under the effect of the 1/2" radius, the trunnion does not provide
infinite fatigue in the as-built condition and the iteration indicated that the trunnion would provide
approximately 600,000 stress cycles to failure. No calculation was performed for the 1/8" fillet transition
into the hub, as it was considered that the stress gradient induced by the 2" radius would mitigate any effect
due to this transition. The fatigue analysis performed as part of this study was conservative due to the
complexity of the compound fillet and, as such, the actual fatigue life is likely between the results of the 2"
radius and 1/2" radius cases. Therefore, if a more accurate estimate of fatigue life is required, a further,
more detailed analysis should be performed by a fatigue expert.
Table 27 below shows a summary of the fatigue analysis performed on the sheave trunnions. For each
load case, multiple iterations were performed to evaluate the fatigue against both fillet sizes, as well as
against symmetric and asymmetric weight additions to the lift span and counterweight. The asymmetric
load cases assume that the weight addition or subtraction on the respective truss lines are balanced purely
by transferring weight between the east and west pockets on the counterweights; this results in unequal
loading of the counterweight sheaves with the two sheaves adjacent to the bike path addition carrying a
much greater load than the opposite side sheaves. For symmetric load cases, any weight additions for the
bike path on the west side of the span were balanced by placing ballast material located at the centerline of
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the East Truss line. This results in a greater weight addition to the lift span as a whole; however, due to the
equal distribution among the four sheaves, the nominal load per sheave is less than the greatest sheave
load in the asymmetric case.
The Willow Avenue Lift Bridge opened for traffic in 1965; therefore, the counterweight trunnions, which are
original to the structure (with the exception of the northwest counterweight trunnion, which was replaced in
2003 as part of an emergency rehabilitation) have already seen 50 years of service. To account for this,
the remaining fatigue life for each option is also presented in Table 27.
COUNTERWEIGHT SHEAVE TRUNNION FATIGUE ANALYSIS SUMMARY
Net Addition Max Addition Fillet Exceeds Fatigue Remaining
to Span
to Sheave Radius Endurance Life Fatigue Life
(kip)
(kip)
(Inches)
Limit
(Years)
(Years)

Description

Sheave Loading
Type

Existing Lift Span

Symmetric

N/A

N/A

Asymmetric

52.5

79.9

Symmetric

125.5

62.7

Asymmetric

7.5

95.0

Symmetric

131.5

66.6

Asymmetric

22.8

34.7

Symmetric

54.3

27.2

Case 1
(Alternative 2)

Case 2
(Original Alternative 4)

Case 3
(Alternative 4)

1/2
2

YES
NO

111.3
N/A

61.3
N/A

1/2

YES

68.3

18.3

2

NO

N/A

N/A

1/2

YES

75.2

25.2

2

NO

N/A

N/A

1/2

YES

62.0

12.01

2

NO

N/A

N/A

1/2

YES

73.8

23.8

2

NO

N/A

N/A

1/2

YES

89.3

39.3

2

NO

N/A

N/A

1/2

YES

93.6

43.6

2

NO

N/A

N/A

Table 25 –Counterweight sheave trunnion fatigue analysis summary.

For all three cases shown in Table 25, the fatigue life based on the 2" radius is infinite and, therefore, is not
a concern. Conversely, in all cases, the fatigue life based on the 1/2" radius is finite and ranges from just
over 111 years (61 years remaining) for the structure in its existing condition, to as little as 62 years (12
years remaining) for the most stringent load case (Case 2 Asymmetric Loading). Of the three overall
cases, Case 3, which corresponds to Alternative 4, has the smallest reduction in fatigue life compared to
the other options, with only an 18 year reduction from the current sheave trunnion fatigue life (111 years to
93 years). Please note that, while the as-built fatigue life of the sheave trunnions is only reduced from 111
years to 93 years, because the bridge has already been in service for 50 years, the 18 year reduction in
fatigue life corresponds to a 29% drop in the remaining fatigue life (61 years to 43 years).
Note that for the sheave loading types, the asymmetric load cases result in a greater reduction in fatigue
life than the symmetric load cases despite requiring a lesser net weight addition to the span. This is due to
the fact that the asymmetric load cases result in unequal loading of the counterweight sheaves with the two
sheaves adjacent to the bike path addition carrying a much greater load than the opposite side sheaves
and thus have a corresponding greater reduction in fatigue life. Due to the larger reductions in fatigue life
seen in the asymmetric load case, the symmetric sheave load cases are preferred; therefore, for the
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structural analysis portion of this study, the asymmetric load cases were eliminated. Additionally, since the
above analysis determined that unequal loading of the sheaves causes a greater reduction in fatigue life,
Case 2 was eliminated. This was done because Case 2 involved removing the east sidewalk in conjunction
with adding a 10' wide bike path on the west, which led to an even greater loading difference between the
east and west sheaves. The three load cases were then evaluated to determine which of the load cases
exhibited the least reduction in fatigue life under symmetric loading. Case 3 was found to exhibit the least
reduction in fatigue life by a wide margin.
After it was determined that Case 3 (Alternative 4) with a symmetric sheave loading had the least reduction
in fatigue life, an analysis was performed to determine the effect on fatigue life of reducing the proposed
bike path to 8' in width, which corresponds to Alternative 3. Table 26 below shows that reducing the bike
path width from 8' to 10' will increase the fatigue life by only 7.5 years, which would not warrant decreasing
the width of the bike path.
COUNTERWEIGHT SHEAVE FATIGUE ANALYSIS COMPARISON - CASE 3 SYMMETRIC LOADING
Net Addition Max Addition Fillet Exceeds Fatigue Remaining
to Span
to Sheave Radius Endurance Life Fatigue Life
(Years)
(kip)
(kip)
(Inches)
Limit
(Years)

Description

Sidewalk Width

Alternative 3

8'

30.0

15.0

Alternative 4

10'

54.3

27.2

1/2
2

YES
NO

101.1
N/A

51.1
N/A

1/2

YES

93.6

43.6

2

NO

N/A

N/A

Table 26 –Counterweight Sheave Trunnion Fatigue Analysis Comparison for Alternatives 3 and 4.

COUNTERWEIGHT BALLAST ADJUSTMENT ANALYSIS
In addition to analyzing the fatigue in the counterweight sheave trunnions, SBE also determined the
feasibility of making the necessary ballast changes to the counterweights to balance out the weight
additions from the bike path alternatives. The same three cases that were analyzed in the previous fatigue
analysis were considered. For each case, the amount of ballast required to be added or removed from
each counterweight pocket (east or west) was calculated and compared with the weight of the ballast
material currently in each pocket to determine if the weight transfer was feasible. Please see Appendix B
for full mechanical analysis results.
Due to the limited amount of existing removable ballast present in the counterweight pockets, it was
determined that is it not possible to make the required ballast transfers within the counterweight pockets, as
the amount of ballast required to be removed from the east counterweight pocket to balance the weight
addition of the new bike path on the west side of the truss is greater than the existing ballast material
currently present in the counterweight pockets. Therefore, it was determined that the weight additions from
the new bike path alternatives would have to be balanced by adding additional weight to the east side of
the lift span as well, which would result in a net add to both counterweight pockets. This balancing of the
weights between the east and west sides of the lift span would also allow for the east and west sheaves to
be symmetrically loaded, which was determined from the analysis in the previous section to be the
preferred loading condition for the sheaves that results in the smallest reduction in fatigue life.
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Based on this loading condition for the lift span, the amounts of additional weight to be added to the east
side of the lift span and to the counterweights were calculated for Alternatives 2 and 4 and are presented in
Table 27. Note for this analysis, the additional weight to be added to the lift span to offset the added
weight of the bike path alternatives was assumed to be added along the centerline of the east truss for both
cases. This results in a greater weight addition to the east truss than the west, as the balancing moment
arm is less for the ballast weight being added to the east truss because the added weights of the bike paths
from Alternatives 2 and 4 act at the middle of the 10' wide bike path (5' outboard of the centerline of the
West Truss).

Description

COUNTERWEIGHT BALLAST ADDITIONS
Net Addition Net Addition to West Net Addition to East
Addition to Each
to Span
Truss Line
Truss Line
Counterweight Pocket
(kip)
(kip)
(lb/ft)
(kip)
(lb/ft)
(kip)

Alternative 2

125.5

52.5

170

73.0

235

25.3

Alternative 4

54.5

22.8

75

31.7

100

13.6

Table 27 –Counterweight Ballast Addition Summary for Alternatives 2 and 4.

From the table above, it can be seen that Alternative 4 (adding 10' wide bike path, removing steel plate
barrier along west truss and replacing with a traffic railing) would require only 100 lb/ft to be added to the
east truss line to counterbalance the weight addition to the west side of the lift span. Comparatively,
Alternative 2 (adding 10' wide bike path) would require an additional 235 lb/ft weight addition to the east
truss line, which is almost 2.5 times that required for Alternative 4. Additionally, Alternative 4 will require
almost half the amount of ballast to be added to each counterweight pocket than Alternative 2. While both
alternatives are feasible based on the required ballast materials to be added to the East Truss and the
counterweights, Alternative 4 will require less and will, therefore, be a more cost effective option.
MECHANICAL ANALYSIS CONCLUSIONS
Based on the analysis of the counterweight sheave trunnion fatigue and the counterweight ballast
adjustment, Alternative 4 with the sheaves symmetrically loaded is the most feasible option, as it reduces
the fatigue life of the counterweight sheave trunnions by 18 years, which is the smallest reduction in fatigue
life for the three cases analyzed, and requires only a minimal amount of ballast to be added compared to
the other alternatives.
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VII.III ELECTRICAL ANALYSIS
An analysis was performed to determine the effects of the proposed alternatives on the electrical
components of the bridge. This analysis involved the review of the mechanical machinery loads, the past
testing reports of the existing drive equipment, and consultation with the original installer and the drive
equipment manufacturer. Based on the findings, the existing drives on the bridge are capable of operating
the bridge with the additional anticipated loads induced by all of the bike path modification alternatives.
The drives will be able to start, accelerate, run, and decelerate the span without going into an unacceptable
overload condition. No adjustments to the electrical systems as a result of the additional loads are
anticipated; however, it is recommended that a representative from the drive manufacturer be retained by
the contractor throughout the construction procedure to ensure proper operation of the drives and to make
any necessary adjustments.

VII.IV ALTERNATIVE 6 STRUCTURE TYPE STUDY
Alternative 6, a new vertical lift bridge on a new alignment, may be necessary if Alternatives 1 through 5 are
not viable options due to span weight, transverse imbalance, or other constructability issues. The proposed
structure will accommodate vehicular traffic to Whiskey Island while also accommodating bicycle and
pedestrian traffic to the proposed Lake Link Trail portion of the Cleveland Metroparks Towpath. The
geometry and type of moveable bridge for Alternative 6 is controlled primarily by the need to have an
unimpeded channel in order to maintain the existing navigable channel width as set forth by the U.S. Coast
Guard. The Broadway Bridge in Portland Oregon is the longest double leaf bascule bridge spanning 278'
over the Willamette River. The proposed Alternative 6 structure will have to span 310' without impeding the
channel eliminating the possibility of a bascule bridge and leaving the vertical lift bridge as the only
reasonable option. Three businesses on the north side of the bridge rely on the Willow Avenue Lift Bridge
as their only access onto the island. Because traffic to these businesses must be maintained, the original
structure must remain in place until the proposed structure is completed. In addition, the channel must
remain navigable to the businesses during the entire construction of the new structure and demolition of the
old structure. In order to construct the proposed structure without obstructing the channel, the proposed
structure may be required to be constructed off site and floated in in a similar fashion as the Columbus
Road Lift Bridge. The hydrology and hydraulics of the proposed structure is not a concern due to a similar
alignment and placement compared the original structure. Similarly, the foundation of the proposed
structure will be comparable to that of the original using reinforced concrete, caissons, and battered piles.
If it is necessary to go forward with Alternative 6, an in-depth hydraulic study will be performed.

VIII. ACCIDENT DATA
Per crash data obtained from 2012-2015, there have been no accidents on the structure nor at the
intersection of River Road and Elm Avenue, which is located just south of the structure.
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IX. DOCUMENTATION OF AESTHETIC CONSIDERATIONS
The Willow Avenue Lift Bridge is a visual landmark in the Flats, rising almost 150' over the Cleveland
lakefront. With the addition of the Lakefront Link extension of the Cleveland Metroparks Towpath, the
structure will become even more visible to the public. Therefore, it is important to consider aesthetic
impacts of adding a bike path to the existing lift bridge structure. As such, the following aesthetic details
were added as part of the sidewalk modification.
The proposed west sidewalk floorbeams for Alternatives 1 through 5 were tapered so they have a similar
appearance to the existing east sidewalk floorbeams that are tapered, which are to remain as part of each
alternative. Additionally, the new aluminum bicycle railing on the modified west sidewalk will be similar to
the existing railing on the east sidewalk, utilizing 5" diameter round pipe for the top rail with similar spindles
and bottom rail channel sections.
Another aesthetic consideration of the design of the modified sidewalk was the proposed Wendy Park
Bridge that will be located on the north side of the structure and which the proposed bike path on the Willow
Avenue Lift Bridge will feed into. The proposed Wendy Park Bridge is a cable-stayed structure with
numerous stay cables running from the deck to multiple pylons. The support cables on the outboard side of
the proposed bike path on the west side of the Willow Avenue Lift Bridge not only provide redundancy to
the sidewalk member, but also mimic the stay cables of the Wendy Park Bridge and tie the two structures
together aesthetically.

X. EVALUATION OF ALTERNATIVES
The following six conceptual alternatives were researched as part of this study for the modification or
replacement of the Willow Avenue Lift Bridge to accommodate increased pedestrian and bicycle traffic on
the structure.
•
•
•
•
•
•

Alternative 1 – Remove and replace existing west sidewalk with new 8' wide bike path, existing
east sidewalk remains
Alternative 2 – Remove and replace existing west sidewalk with new 10' wide bike path, existing
east sidewalk remains
Alternative 3 – Remove and replace existing west sidewalk with new 8' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 4 – Remove and replace existing west sidewalk with new 10' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 5 – Remove and replace existing west sidewalk with new 10' wide bike path inclined at
5% grade longitudinally along truss, existing east sidewalk remains
Alternative 6 – New mixed use (vehicular and pedestrian) vertical lift bridge on new alignment

For Alternatives 1 through 5, a structural analysis was performed to determine the effect of each alternative
on the structural adequacy of the lift span and tower members with the additional dead load and pedestrian
load from the wider bike path for each alternative. Additionally, the effects of Alternatives 1 through 5 on
the mechanical and electrical systems of the bridge were also investigated. For Alternative 6, a preliminary
structure type study was performed to verify that a vertical lift bridge was the best suited bridge type for the
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replacement option. Preliminary cost estimates were developed for all six alternatives and the advantages
and disadvantages of each alternative were evaluated. The known impacts of each feasible alternative on
ecological and social resources were also investigated. Please note that the cost estimates include costs
for modification of the tower spans; however, only preliminary design of the tower bike path members was
performed during this study in order to get an estimate of the weight for cost purposes. The bike path
sections on the towers will be designed during the final design of the selected alternative based on the
geometry required by the Towpath Trail.
Note that several rehabilitation items are included in each alternative that are bridge improvements that are
rehabilitation items that are independent of this study. These items, which include gusset plate edge
stiffening and strengthening of roadway floorbeams, are required to meet current AASHTO and ODOT
standards and are not a result of adding the wider bike paths.

X.I ALTERNATIVE 1
This alternative involves removing the existing 3'-7" sidewalk on the west side of the bridge and replacing it
with a new 8' wide bike path. The existing sidewalk stringers and floorbeams would be replaced as part of
this option, with the new floorbeams framing into the exterior of the lower chord gusset plates at each panel
point and also being supported by a steel cable system on the outboard end that will run diagonally to the
corresponding upper chord panel point (see Figure 16). A new 54" tall bicycle railing would also be added
on the exterior of the bike path. To balance the addition of the new bike path on the west side of the
structure, ballast material would be added along the East Truss to ensure symmetric loading of the
sheaves.

Figure 16 – Alternative 1 typical section.

Based on the structural evaluation of Alternative 1, strengthening of the water side (forward) column
members J8-H8 and J14-H14 at the bases of the towers would be required. On the lift span, the diagonal
truss member fasteners at eight gusset plate locations on the West Truss would require replacement along
with four gusset plate locations of the East Truss due to the additional load associated with the new 8' wide
sidewalk on the west side. As mentioned previously, minor floorbeam strengthening and gusset plate edge
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stiffening should also be performed on the lift span truss to meet AASHTO and ODOT standards. From the
mechanical analysis, this alternative would decrease the fatigue life of the counterweight sheave trunnion
by 31 years and would require 58.9 kips of ballast to be added to the lift span and 101.2 kips of ballast to
be added to the counterweights. The remainder of the mechanical elements have adequate capacity to
accommodate the additional weight from this alternative. Based on the electrical analysis, the drives will be
able to start, accelerate, run, and decelerate the span without going into an unacceptable overload
condition under the added load of this alternative with no adjustments needed.
CONSTRUCTABILITY
The addition of the 8' wide bike path as part of this alternative could be accomplished with little disruption of
the vehicular traffic on the structure. Because the lower chord and vertical connections have adequate
capacity even when the bolts for the pedestrian floorbeam connection have been removed, traffic can be
maintained during removal of the existing sidewalk floorbeams and installation of the new ones. The
installation of the new floorbeams could be accomplished with the use of a barge from below. The only
work requiring partial roadway closures would be the installation of the gusset plate edge stiffening angles,
the replacement of gusset plate fasteners, and the cable at the upper chord panel points to prevent material
from falling into the southbound traffic lane below. The 58.9 kips of ballast to be added to the lift span
equates to a 190 lb/ft loading along the full length of the lift span.
ADVANTAGES
•
•

Weight addition to span and counterweights along with the reduction in fatigue life is less than
Alternative 2.
Steel plate barrier along West Truss would remain, continuing to provide protection for the truss
members.

DISADVANTAGES
•
•
•
•
•

Weight addition to span and counterweights along with the reduction in fatigue life is greater than
Alternatives 3 through 5.
Strengthening of tower column base members required.
Due to increased weight of ballast material to the span and counterweight and strengthening of the
tower columns, cost will be greater than Alternatives 3 through 5.
8' wide bike path will provide less area for pedestrians and bicycle traffic than 10' wide bike path.
Addition of ballast on span is not feasible.
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COST ANALYSIS
ALTERNATIVE 1 - 8' WIDE BIKE PATH
2016
UNIT COST

2016
COST

$150,000
$5

$150,000
$48,000

POUND STRUCTURAL STEEL MEMBERS, LEVEL 3

$3

$209,400

POUND STRUCTURAL STEEL MEMBERS, LEVEL 6

$6

$57,000

$1,250

$245,000

SURFACE PREPARATION OF EXISTING STRUCTURAL STEEL

$9

$4,500

FIELD PAINTING OF EXISTING STRUCTURAL STEEL, PRIME COAT

$7

$3,500

SQ FT

FIELD PAINTING STRUCTURAL STEEL , INTERMEDIATE COAT

$6

$3,000

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL, FINISH COAT

$6

$3,000

76300

400

FT

$300

$120,000

10000

ITEM
202

EXT
11202

QTY
LUMP

UNIT
LUMP

DESCRIPTION
PORTIONS OF STRUCTURE REMOVED, OVER 20 FOOT SPAN

513

10200

9600

POUND STRUCTURAL STEEL MEMBERS, LEVEL UF

513

10260

69800

513

10320

9500

513

95030

196

EACH

STRUCTURAL STEEL, MISC.: LIFT SPAN TRUSS GUSSET PLATE EDGE
STIFFENING ANGLE

514

00050

500

SQ FT

514

00056

500

SQ FT

514

00060

500

514

00066

517
624

RAILING, MISC.: ALUMINUM PEDESTRIAN RAILING, AS PER PLAN

LUMP

LUMP

MOBILIZATION

$100,000

$100,000

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: GAS LINE RELOCATION, AS PER PLAN

$50,000

$50,000

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: SPAN BALANCING, AS PER PLAN

$90,000

$90,000

$6

$966,000

SPECIAL 53000300 161000

POUND STRUCTURE, MISC.: BALLAST MATERIAL STEEL, AS PER PLAN

SPECIAL 53000400

22

EACH

STRUCTURE, MISC.: STEEL CABLE AND CLEVIS, AS PER PLAN

$600

SPECIAL 53000400

9

EACH

$13,200

STRUCTURE, MISC.: FLOORBEAM STRENGTHENING, AS PER PLAN

$12,000

$108,000

SPECIAL 53000400

4

SPECIAL 53000400

720

EACH

STRUCTURE, MISC.: TOWER COLUMN STRENGTHENING, AS PER PLAN

$25,000

$100,000

EACH

STRUCTURE, MISC.: FASTENER REPLACEMENT, AS PER PLAN

$250

SPECIAL 53000600

3000

$180,000

SQ FT

STRUCTURE, MISC.: ALUMINUM GRID SIDEWALK DECK, AS PER PLAN

NOTE: THESE QUANTITIES ARE NOT FINAL

$43
SUBTOTAL
20% CONTINGENCY
2016 TOTAL
FUTURE WORTH, AT AN INFLATION RATE OF 3.5%
2018 TOTAL

$129,000
$2,579,600
$515,920
$3,096,000
$3,317,000

Table 28 – Alternative 1 cost estimate.

The total estimated 2018 construction cost of the 8' wide bike path described in Alternative 1 would be
approximately $3,317,000 as shown in the cost breakdown presented in Table 28 above. This would
include the modification of the west sidewalk and the addition of the necessary ballast to the span and to
the counterweights. Additionally, the costs for strengthening of the tower column members, truss gusset
plate connections, and truss floorbeams along with the gusset plate edge stiffening angle installation are
included in this estimate.

X.II ALTERNATIVE 2
This alternative involves removing the existing 3'-7" sidewalk on the west side of the bridge and replacing it
with a new 10' wide bike path. The existing sidewalk stringers and floorbeams would be replaced as part of
this option, with the new floorbeams framing into the exterior of the lower chord gusset plates at each panel
point and also being supported by a steel cable system on the outboard end that will run diagonally to the
corresponding upper chord panel point (see Figure 17). A new 54" tall bicycle railing would also be added
on the exterior of the bike path. To balance the addition of the new bike path on the west side of the
structure, ballast material would be added along the East Truss to ensure symmetric loading of the
sheaves.
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Figure 17 – Alternative 2 typical section.

Based on the structural evaluation of Alternative 1, strengthening of the water side (forward) column
members J8-H8 and J14-H14 at the bases of the towers would be required. Alternative 2 would also
require the replacement of fasteners on twelve diagonal truss members and two vertical truss members at
twelve gusset plate locations on the West Truss and on four diagonal truss members at four gusset plate
locations on the East Truss due to the additional load associated with the new 10' wide bike path. As
mentioned previously, minor floorbeam strengthening and gusset plate edge stiffening should be performed
to meet AASHTO and ODOT standards in addition to the work above. From the mechanical analysis, this
alternative would decrease the fatigue life of the counterweight sheave trunnion by 36 years and would
require 73.0 kips of ballast to be added to the lift span and 125.6 kips of ballast to be added to the
counterweights. The remainder of the mechanical elements have adequate capacity to accommodate the
additional weight from this alternative. Based on the electrical analysis, the drives will be able to start,
accelerate, run, and decelerate the span without going into an unacceptable overload condition under the
added load of this alternative.
CONSTRUCTABILITY
The addition of the 10' wide bike path as part of this alternative could be accomplished with little disruption
of the vehicular traffic on the structure. Because the lower chord and vertical connections have adequate
capacity even when the bolts for the pedestrian floorbeam connection have been removed, traffic can be
maintained during removal of the existing sidewalk floorbeams and installation of the new ones. The
installation of the new floorbeams could be accomplished with the use of a barge from below. The only
work requiring partial roadway closures would be the installation of the gusset plate edge stiffening angles,
the replacement of gusset plate fasteners, and the cable at the upper chord panel points to prevent material
from falling into the southbound traffic lane below. The 73.0 kips of ballast to be added to the lift span
equates to a 240 lb/ft loading along the full length of the lift span.
ADVANTAGES
•
•

10' wide bike path will provide more area for pedestrians and bicycle traffic than 8' wide bike path.
Steel plate barrier along West Truss would remain, continuing to provide protection for the truss
members.
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DISADVANTAGES
•
•
•
•

Weight addition to span and counterweights along with the reduction in fatigue life is greater than
Alternatives 1, 3, 4, and 5.
Strengthening of tower column base members required.
Due to increased weight of ballast material to the span and counterweight, cost will be greater than
Alternatives 1, 3, 4, and 5.
Addition of ballast on span is not feasible.

COST ANALYSIS
The total estimated 2018 construction cost of the 10' wide bike path described in Alternative 2 would be
approximately $3,809,000. This would include the modification of the west sidewalk and the addition of the
necessary ballast to the span and to the counterweights. Additionally, the costs for strengthening the tower
column members and the lift span truss floorbeams are included. A cost breakdown is presented in
Table 29.
ALTERNATIVE 2 - 10' WIDE BIKE PATH
2016
UNIT COST

2016
COST

$150,000
$5

$150,000
$48,000

POUND STRUCTURAL STEEL MEMBERS, LEVEL 3

$3

$228,900

POUND STRUCTURAL STEEL MEMBERS, LEVEL 6

$6

$72,000

$1,250

$245,000

SURFACE PREPARATION OF EXISTING STRUCTURAL STEEL

$9

$4,500

FIELD PAINTING OF EXISTING STRUCTURAL STEEL, PRIME COAT

$7

$3,500

SQ FT

FIELD PAINTING STRUCTURAL STEEL , INTERMEDIATE COAT

$6

$3,000

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL, FINISH COAT

$6

$3,000

76300

400

FT

$300

$120,000

10000

ITEM
202

EXT
11202

QTY
LUMP

UNIT
LUMP

DESCRIPTION
PORTIONS OF STRUCTURE REMOVED, OVER 20 FOOT SPAN

513

10200

9600

POUND STRUCTURAL STEEL MEMBERS, LEVEL UF

513

10260

76300

513

10320

12000

513

95030

196

EACH

STRUCTURAL STEEL, MISC.: LIFT SPAN TRUSS GUSSET PLATE EDGE
STIFFENING ANGLE

514

00050

500

SQ FT

514

00056

500

SQ FT

514

00060

500

514

00066

517
624

RAILING, MISC.: ALUMINUM PEDESTRIAN RAILING, AS PER PLAN

LUMP

LUMP

MOBILIZATION

$100,000

$100,000

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: GAS LINE RELOCATION, AS PER PLAN

$50,000

$50,000

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: SPAN BALANCING, AS PER PLAN

$90,000

$90,000

POUND STRUCTURE, MISC.: BALLAST MATERIAL STEEL, AS PER PLAN

$6

$1,194,000

SPECIAL 53000300 199000
SPECIAL 53000400

22

EACH

STRUCTURE, MISC.: STEEL CABLE AND CLEVIS, AS PER PLAN

$700

$15,400

SPECIAL 53000400

9

EACH

STRUCTURE, MISC.: FLOORBEAM STRENGTHENING, AS PER PLAN

$12,000

$108,000

SPECIAL 53000400

4

EACH

STRUCTURE, MISC.: TOWER COLUMN STRENGTHENING, AS PER PLAN

$25,000

$100,000

SPECIAL 53000400

1056

EACH

STRUCTURE, MISC.: FASTENER REPLACEMENT, AS PER PLAN

$250

$264,000

SPECIAL 53000600

3800

SQ FT

STRUCTURE, MISC.: ALUMINUM GRID SIDEWALK DECK, AS PER PLAN

NOTE: THESE QUANTITIES ARE NOT FINAL

Table 29 – Alternative 2 cost estimate.

$43
SUBTOTAL
20% CONTINGENCY
2016 TOTAL
FUTURE WORTH, AT AN INFLATION RATE OF 3.5%
2018 TOTAL

$163,400
$2,962,700
$592,540
$3,556,000
$3,809,000
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X.III ALTERNATIVE 3
This alternative involves removing the existing 3'-7" sidewalk on the west side of the bridge and replacing it
with a new 8' wide bike path. The existing sidewalk stringers and floorbeams would be replaced as part of
this option, with the new floorbeams framing into the exterior of the lower chord gusset plates at each panel
point and also being supported by a steel cable system on the outboard end that will run diagonally to the
corresponding upper chord panel point. Additionally, the existing steel plate barrier along the West Truss
would be removed and replaced with a twin-tube traffic railing to reduce weight (see Figure 18). New 54"
tall bicycle railing would also be added on the interior and exterior of the bike path. To balance the addition
of the new bike path on the west side of the structure, ballast material would be added along the East Truss
to ensure symmetric loading of the sheaves.

Figure 18 – Alternative 3 typical section.

Based on the structural evaluation of Alternative 3, the replacement of the diagonal truss member fasteners
at eight gusset plate locations on the West Truss would be required. As mentioned previously, minor
floorbeam strengthening and gusset plate edge stiffening should also be performed to meet AASHTO and
ODOT standards. From the mechanical analysis, this alternative would decrease the fatigue life of the
counterweight sheave trunnion by 10 years and would require 17.4 kips of ballast to be added to the lift
span and 30 kips of ballast to be added to the counterweights. The remainder of the mechanical elements
have adequate capacity to accommodate the additional weight from this alternative. Based on the
electrical analysis, the drives will be able to start, accelerate, run, and decelerate the span without going
into an unacceptable overload condition under the added load of this alternative.
CONSTRUCTABILITY
The addition of the 8' wide bike path as part of this alternative could be accomplished with little disruption of
the vehicular traffic on the structure. Because the lower chord and vertical connections have adequate
capacity even when the bolts for the pedestrian floorbeam connection have been removed, traffic can be
maintained during removal of the existing sidewalk floorbeams and installation of the new ones. The
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installation of the new floorbeams could be accomplished with the use of a barge from below. The only
work requiring partial roadway closures would be the installation of the gusset plate edge stiffening angles,
the replacement of gusset plate fasteners, and the cable at the upper chord panel points to prevent material
from falling into the southbound traffic lane below. The 17.4 kips of ballast to be added to the lift span
equates to a 60 lb/ft loading along the full length of the lift span. This ballast addition can be easily
achieved by welding steel plate on top of the east steel barrier plate or by adding or replacing a stringer
with a heavier one on the east sidewalk.
ADVANTAGES
•
•
•
•

Weight addition to span and counterweights along with the reduction in fatigue life is the smallest of
all the modification alternatives.
Strengthening of fasteners at only eight gusset plate connections required.
Cost is the least of all alternatives.
Ballast addition to span can be easily achieved.

DISADVANTAGES
•
•

Removal of the steel plate barrier along West Truss will leave truss members exposed to water,
salt, and debris, increasing the rate of corrosion.
8' wide bike path will provide less area for pedestrians and bicycle traffic than 10' wide bike path.
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COST ANALYSIS
The total estimated 2018 construction cost of the 8' wide bike path described in Alternative 3 would be
approximately $2,476,000. This would include the modification of the west sidewalk and the addition of the
necessary ballast to the span and to the counterweights. Additionally, the costs for strengthening of the
truss gusset plate connections and truss floorbeams along with the gusset plate edge stiffening angle
installation are included in this estimate. A cost breakdown is presented in Table 30.
ALTERNATIVE 3 - 8' WIDE BIKE PATH WITH WEST BARRIER REMOVED
2016
UNIT COST

2016
COST

$150,000
$9

$150,000
$3,600

POUND STRUCTURAL STEEL MEMBERS, LEVEL 3

$3

$209,400

POUND STRUCTURAL STEEL MEMBERS, LEVEL 6

$6

$57,000

$1,250

$245,000
$4,500

ITEM
202

EXT
11202

QTY
LUMP

UNIT
LUMP

202

38500

400

FT

513

10260

69800

513

10320

9500

DESCRIPTION
PORTIONS OF STRUCTURE REMOVED, OVER 20 FOOT SPAN
BRIDGE RAILING REMOVED

513

95030

196

EACH

STRUCTURAL STEEL, MISC.: LIFT SPAN TRUSS GUSSET PLATE EDGE
STIFFENING ANGLE

514

00050

500

SQ FT

SURFACE PREPARATION OF EXISTING STRUCTURAL STEEL

$9

514

00056

500

SQ FT

FIELD PAINTING OF EXISTING STRUCTURAL STEEL, PRIME COAT

$7

$3,500

514

00060

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL , INTERMEDIATE COAT

$6

$3,000

514

00066

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL, FINISH COAT

517

70000

400

FT

RAILING (TWIN STEEL TUBE)

517

76300

800

FT

RAILING, MISC.: ALUMINUM PEDESTRIAN RAILING, AS PER PLAN

624

10000

LUMP

LUMP

MOBILIZATION

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: GAS LINE RELOCATION, AS PER PLAN

$50,000

$50,000

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: SPAN BALANCING, AS PER PLAN

$90,000

$90,000

SPECIAL 53000300

48000

POUND STRUCTURE, MISC.: BALLAST MATERIAL STEEL, AS PER PLAN

$6

$288,000

SPECIAL 53000400

22

EACH

STRUCTURE, MISC.: STEEL CABLE AND CLEVIS, AS PER PLAN

SPECIAL 53000400

9

EACH

STRUCTURE, MISC.: FLOORBEAM STRENGTHENING, AS PER PLAN

SPECIAL 53000400

512

EACH

STRUCTURE, MISC.: FASTENER REPLACEMENT, AS PER PLAN

SPECIAL 53000600

3000

SQ FT

STRUCTURE, MISC.: ALUMINUM GRID SIDEWALK DECK, AS PER PLAN

NOTE: THESE QUANTITIES ARE NOT FINAL

$6

$3,000

$250

$100,000

$300

$240,000

$100,000

$100,000

$600

$13,200

$12,000

$108,000

$250

$128,000

$43
SUBTOTAL
20% CONTINGENCY
2016 TOTAL
FUTURE WORTH, AT AN INFLATION RATE OF 3.5%
2018 TOTAL

$129,000
$1,925,200
$385,040
$2,311,000
$2,476,000

Table 30 – Alternative 3 cost estimate.

X.IV ALTERNATIVE 4
This alternative involves removing the existing 3'-7" sidewalk on the west side of the bridge and replacing it
with a new 10' wide bike path. The existing sidewalk stringers and floorbeams would be replaced as part of
this option, with the new floorbeams framing into the exterior of the lower chord gusset plates at each panel
point and also being supported by a steel cable system on the outboard end that will run diagonally to the
corresponding upper chord panel point. Additionally, the existing steel plate barrier along the West Truss
would be removed and replaced with a twin-tube traffic railing to reduce weight (see Figure 19). New 54"
tall bicycle railing would also be added on the interior and exterior of the bike path. To balance the addition
of the new bike path on the west side of the structure, ballast material would be added along the East Truss
to ensure symmetric loading of the sheaves.
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Figure 19 – Alternative 4, typical section.

Based on the structural evaluation of Alternative 4, the replacement of the diagonal truss member fasteners
at eight gusset plate locations on the West Truss would be required. As mentioned previously, minor
floorbeam strengthening and gusset plate edge stiffening should also be performed to meet AASHTO and
ODOT standards. From the mechanical analysis, this alternative would decrease the fatigue life of the
counterweight sheave trunnion by 18 years and would require 31.7 kips of ballast to be added to the lift
span and 54.5 kips of ballast to be added to the counterweights. The remainder of the mechanical
elements have adequate capacity to accommodate the additional weight from this alternative. Based on
the electrical analysis, the drives will be able to start, accelerate, run, and decelerate the span without
going into an unacceptable overload condition under the added load of this alternative.
CONSTRUCTABILITY
The addition of the 10' wide bike path as part of this alternative could be accomplished with little disruption
of the vehicular traffic on the structure. Because the lower chord and vertical connections have adequate
capacity even when the bolts for the pedestrian floorbeam connection have been removed, traffic can be
maintained during removal of the existing sidewalk floorbeams and installation of the new ones. The
installation of the new floorbeams could be accomplished with the use of a barge from below. The only
work requiring partial roadway closures would be the installation of the gusset plate edge stiffening angles,
the replacement of gusset plate fasteners, and the cable at the upper chord panel points to prevent material
from falling into the southbound traffic lane below. The 31.7 kips of ballast to be added to the lift span
equates to a 100 lb/ft loading along the full length of the lift span. This ballast addition can be achieved by
welding steel plate on top of the east steel plate barrier or by adding or replacing a stringer with a heavier
one on the east sidewalk.
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ADVANTAGES
•
•
•
•
•

10' wide bike path will provide more area for pedestrians and bicycle traffic than 8' wide bike path.
Strengthening of fasteners at only eight gusset plate connections required.
Weight addition to span and counterweights along with the reduction in fatigue life is greater less
than Alternatives 1 and 2.
Cost is less than all other alternatives with the exception of Alternative 3.
Ballast addition to span can be easily achieved.

DISADVANTAGES
•

Removal of the steel plate barrier along West Truss will leave truss members exposed to water,
salt, and debris, increasing the rate of corrosion.

COST ANALYSIS
ALTERNATIVE 4 - 10' WIDE BIKE PATH WITH WEST BARRIER REMOVED
2016
UNIT COST

2016
COST

$150,000
$9

$150,000
$3,600

POUND STRUCTURAL STEEL MEMBERS, LEVEL 3

$3

$228,900

POUND STRUCTURAL STEEL MEMBERS, LEVEL 6

$6

$70,200

$1,250

$245,000

ITEM
202

EXT
11202

QTY
LUMP

UNIT
LUMP

202

38500

400

FT

513

10260

76300

513

10320

11700

513

DESCRIPTION
PORTIONS OF STRUCTURE REMOVED, OVER 20 FOOT SPAN
BRIDGE RAILING REMOVED

95030

196

EACH

STRUCTURAL STEEL, MISC.: LIFT SPAN TRUSS GUSSET PLATE EDGE
STIFFENING ANGLE

514

00050

500

SQ FT

SURFACE PREPARATION OF EXISTING STRUCTURAL STEEL

$9

$4,500

514

00056

500

SQ FT

FIELD PAINTING OF EXISTING STRUCTURAL STEEL, PRIME COAT

$7

$3,500

514

00060

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL , INTERMEDIATE COAT

$6

$3,000

514

00066

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL, FINISH COAT

$6

$3,000

517

70000

400

FT

RAILING (TWIN STEEL TUBE)

$250

$100,000

517

76300

800

FT

RAILING, MISC.: ALUMINUM PEDESTRIAN RAILING, AS PER PLAN

$300

$240,000

624

10000

LUMP

LUMP

MOBILIZATION

$100,000

$100,000

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: GAS LINE RELOCATION, AS PER PLAN

$50,000

$50,000

SPECIAL 53000200

LUMP

LUMP

STRUCTURE, MISC.: SPAN BALANCING, AS PER PLAN

$90,000

$90,000

SPECIAL 53000300

48000

POUND STRUCTURE, MISC.: BALLAST MATERIAL STEEL, AS PER PLAN

$6

$288,000

SPECIAL 53000400

22

EACH

STRUCTURE, MISC.: STEEL CABLE AND CLEVIS, AS PER PLAN

SPECIAL 53000400

9

EACH

STRUCTURE, MISC.: FLOORBEAM STRENGTHENING, AS PER PLAN

SPECIAL 53000400

512

EACH

STRUCTURE, MISC.: FASTENER REPLACEMENT, AS PER PLAN

SPECIAL 53000600

3800

SQ FT

STRUCTURE, MISC.: ALUMINUM GRID SIDEWALK DECK, AS PER PLAN

NOTE: THESE QUANTITIES ARE NOT FINAL

$700

$15,400

$12,000

$108,000

$250

$128,000

$43
SUBTOTAL
20% CONTINGENCY
2016 TOTAL
FUTURE WORTH, AT AN INFLATION RATE OF 3.5%
2018 TOTAL

$163,400
$1,994,500
$398,900
$2,394,000
$2,565,000

Table 31 – Alternative 4 cost estimate.

The total estimated 2018 construction cost of the 10' wide bike path described in Alternative 4 would be
approximately $2,565,000 as shown in the cost breakdown presented in Table 31. This would include the
modification of the west sidewalk and the addition of the necessary ballast to the span and to the
counterweights.
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X.V ALTERNATIVE 5
This alternative involves removing the existing 3'-7" sidewalk on the west side of the bridge and replacing it
with a new 10' wide bike path on a 5% incline longitudinal to the structure from south to north. The existing
sidewalk stringers and floorbeams would be replaced as part of this option, with the new floorbeams
framing into the exterior face of each West Truss vertical and also being supported by a steel cable system
on the outboard end that will run diagonally to the corresponding upper chord panel point (see Figure 20).
New 54" tall bicycle railing would also be added on the exterior of the bike path. To balance the addition of
the new bike path on the west side of the structure, ballast material would be added along the East Truss to
ensure symmetric loading of the sheaves.

Figure 20 – Alternative 5, typical section.

Based on the structural evaluation of Alternative 5, eight of the interior verticals would require strengthening
due to the induced moment from the elevated sidewalk members. Additionally, further evaluation of the lift
span truss gusset plates is required to determine the effect of the moment induced by the sidewalk member
framed into the vertical that would be resolved to the gusset plates. As mentioned previously, this analysis
of the gusset plate under out of plane bending is outside the scope of work for this study. Due to the
uncertainty of whether strengthening of the gusset plate members would be required, a contingency cost
for truss strengthening has been included in the cost analysis for this alternative.
Alternative 5 would also require the replacement of fasteners on twelve diagonal truss members and two
vertical truss members at twelve gusset plate locations on the West Truss and on four diagonal truss
members at four gusset plate locations on the East Truss due to the additional load associated with the
new 10' wide bike path. Strengthening of the water side (forward) column members at the bases of the
towers would also be required due to the added weight of this alternative. Minor floorbeam strengthening
and gusset plate edge stiffening should still be performed to meet AASHTO and ODOT standards. From
the mechanical analysis, this alternative would decrease the fatigue life of the counterweight sheave
trunnion by 18 years and would require 31.7 kips of ballast to be added to the lift span and 54.5 kips of
ballast to be added to the counterweights. The remainder of the mechanical elements have adequate
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capacity to accommodate the additional weight from this alternative. Based on the electrical analysis, the
drives will be able to start, accelerate, run, and decelerate the span without going into an unacceptable
overload condition under the added load of this alternative.
CONSTRUCTABILITY
The addition of the inclined 10' wide bike path as part of this alternative would be more difficult than the four
previous alternatives due to the elevated nature of the work. A southbound lane closure would be required
during installation of the floorbeams, reducing traffic on the bridge to one lane, which would cause delays
for roadway traffic using the bridge. The 73.0 kips of ballast to be added to the lift span equates to a 240
lb/ft loading along the full length of the lift span.
ADVANTAGES
•
•

10' wide bike path will provide more area for pedestrians and bicycle traffic than 8' wide bike path.
Steel plate barrier along West Truss would remain, continuing to provide protection for the truss
members.

DISADVANTAGES
•
•
•
•
•
•

Weight addition to span and counterweights along with the reduction in fatigue life is greatest of all
the alternatives.
Strengthening of eight truss verticals and members at the base of the water side (forward) columns
required.
Due to increased weight of ballast material to the span and counterweight, required strengthening,
and complexity of installation, cost will be greater than Alternatives 1 through 4.
Addition of ballast on span is not feasible.
The inclined nature of the new bike path will put the pedestrians and bicyclists using the sidewalk
closure to the upper chord of the lift span truss and towers. This would allow easier access to
vagrants wanting to climb the bridge.
The inclined bike path would be at least 20' above the ground at the North Tower and a fall from
that height could result in serious injury. As such, a more robust barrier gate system would be
required for this alternative to ensure the safety of the public when the lift span is in the raised
position.
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COST ANALYSIS
The total estimated 2018 construction cost of the 10' wide bike path described in Alternative 5 would be
approximately $6,377,000. This would include the modification of the west sidewalk and the addition of the
necessary ballast to the span and to the counterweights. Additionally, the costs for strengthening of the
tower column members, truss gusset plate connections, and truss floorbeams along with the gusset plate
edge stiffening angle installation are included in this estimate. A contingency cost for truss strengthening
has been included due to uncertainties with strengthening of the gusset plate members and verticals. A
cost breakdown is presented in Table 32.
ALTERNATIVE 5 - 10' WIDE INCLINED BIKE PATH
2016
UNIT COST

2016
COST

$150,000
$5

$150,000
$48,000

POUND STRUCTURAL STEEL MEMBERS, LEVEL 3

$3

$228,900

POUND STRUCTURAL STEEL MEMBERS, LEVEL 6

$6

$72,000

$1,250

$245,000

ITEM
202

EXT
11202

QTY
LUMP

UNIT
LUMP

DESCRIPTION
PORTIONS OF STRUCTURE REMOVED, OVER 20 FOOT SPAN

513

10200

9600

POUND STRUCTURAL STEEL MEMBERS, LEVEL UF

513

10260

76300

513

10320

12000

513

95030

196

EACH

STRUCTURAL STEEL, MISC.: LIFT SPAN TRUSS GUSSET PLATE EDGE
STIFFENING ANGLE

514

00050

500

SQ FT

SURFACE PREPARATION OF EXISTING STRUCTURAL STEEL

$9

$4,500

514

00056

500

SQ FT

FIELD PAINTING OF EXISTING STRUCTURAL STEEL, PRIME COAT

$7

$3,500

514

00060

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL , INTERMEDIATE COAT

$6

$3,000

514

00066

500

SQ FT

FIELD PAINTING STRUCTURAL STEEL, FINISH COAT

$6

$3,000

517

76300

400

FT

$300

$120,000

624

10000

RAILING, MISC.: ALUMINUM PEDESTRIAN RAILING, AS PER PLAN

LUMP

LUMP

MOBILIZATION

$100,000

$100,000

SPECIAL 53000200 LUMP

LUMP

STRUCTURE, MISC.: GAS LINE RELOCATION, AS PER PLAN

$50,000

$50,000

SPECIAL 53000200 LUMP

LUMP

STRUCTURE, MISC.: SPAN BALANCING, AS PER PLAN

$90,000

$90,000

SPECIAL 53000200 LUMP

LUMP

STRUCTURE, MISC.: TRUSS STRENGTHENING

$2,000,000

$2,000,000

$6

$1,194,000

SPECIAL 53000300 199000

POUND STRUCTURE, MISC.: BALLAST MATERIAL STEEL, AS PER PLAN

SPECIAL 53000400

22

EACH

STRUCTURE, MISC.: STEEL CABLE AND CLEVIS, AS PER PLAN

$600

$13,200

SPECIAL 53000400

9

EACH

STRUCTURE, MISC.: FLOORBEAM STRENGTHENING, AS PER PLAN

$12,000

$108,000

SPECIAL 53000400

4

EACH

STRUCTURE, MISC.: TOWER COLUMN STRENGTHENING, AS PER PLAN

$25,000

$100,000

SPECIAL 53000400

1056

EACH

STRUCTURE, MISC.: FASTENER REPLACEMENT, AS PER PLAN

SPECIAL 53000600

3800

SQ FT

STRUCTURE, MISC.: ALUMINUM GRID SIDEWALK DECK, AS PER PLAN

NOTE: THESE QUANTITIES ARE NOT FINAL

$250

$43
SUBTOTAL
20% CONTINGENCY
2016 TOTAL
FUTURE WORTH, AT AN INFLATION RATE OF 3.5%
2018 TOTAL

$264,000
$163,400
$4,960,500
$992,100
$5,953,000
$6,377,000

Table 32 – Alternative 5 cost estimate.

ELIMINATION OF ALTERNATIVE 5
This alternative was eliminated due to the safety concerns and due to the required strengthening of the
vertical members and the uncertainty associated with the gusset plates.

Willow Avenue Lift Bridge
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X.VI ALTERNATIVE 6
For this alternative, a new vertical lift bridge would be constructed to replace the existing bridge. This new
structure would be erected just east of the existing Willow Avenue Lift Bridge and would be designed to
accommodate both vehicular and bicycle traffic. The structure would be required to be built to the
southeast of the original bridge in order to maintain traffic on the original bridge and not interfere with the
proposed Wendy Park Bridge approach spans. The new tower drive lift bridge would be very similar in size
and geometry to the existing structure, with a 310'-0" long lift span providing 100'-0" river clearance with the
span raised and two 150'-0" tall towers connected by a truss strut. The reinforced concrete substructure
units would be founded on caissons and piles. Similar to the existing structure, 14'-0" approach spans will
be located adjacent to the tower spans; however, the tower span framing will be framed into the tower
members instead of being independently supported as it is in its current configuration. The out-to-out
roadway width would be 28'-0" with two 10' wide bike paths adjacent to each truss line on the inboard side
(see Figure 21). The bike paths would be separated from the roadway by steel traffic barriers to protect
pedestrians and bicyclists using the paths
.

Figure 21 – Alternative 6, typical section.

The construction of this alternative would require land acquisition, as the land to the west of the bridge on
the south approach is owned by Pennsylvania Lines LLC and the land to the east of the bridge on the north
approach is owned by Ontario Stone. Additionally, there is a building on the Ontario Stone property on the
north end of the bridge that would require relocation because it conflicts with the proposed roadway
alignment. The intersection of Elm Street and River Road on the south side of the bridge would need to be
reconfigured, as the new bridge would feed directly into Elm Street instead of being a continuation of River
Road. Traffic would be maintained on the original structure for the duration of construction of the new lift
bridge in order to maintain traffic to the businesses on the north side of the bridge. At the conclusion of
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construction, the original structure would be demolished.
environmental studies and clearances.

This alternative would require in depth

CONSTRUCTABILITY
The construction of this alternative would be very challenging due to the land acquisition and environmental
clearances required before construction operations could begin, which could be very costly. Additionally,
the intersection of Elm Street and River Road on the south side of the bridge would require reconfiguration
under this alternative. Additionally, if the pedestrian bridge to Wendy Park has been constructed by this
time, the transition on the north side of the lift bridge where the bike path ties into the bridge would need to
be reconfigured. In order to not disrupt river traffic for prolonged periods during construction, the new lift
span for the bridge would need to be built on land or on a barge and then floated in to place between the
completed towers.
ADVANTAGES
•
•

New structure would allow for 10' wide bike path to be incorporated into bridge design from start,
allowing for more flexibility in bike path design.
Alternative allows for minimal impacts to vehicular and pedestrian traffic with existing bridge
staying in operation until new structure is completed.

DISADVANTAGES
•
•
•
•
•

Building a new lift bridge would be significantly more expensive than the other five alternatives.
Environmental impact from this alternative is very high and would require extensive environmental
studies.
Land acquisition would be required on both the north and south sides of the river in order to build
this alternative. Additionally, a structure on the Ontario Stone property would need to be relocated.
Construction of this alternative would take several construction seasons, further delaying the full
use of the Lake Link Trail as pedestrians and bicyclists would be forced to use the 3'-7" wide
sidewalk on the existing structure.
New structure would replace existing structure that is in Fair Condition [5-NBIS] and is not
structurally deficient or functionally obsolete.

COST ANALYSIS
The total estimated 2018 construction cost of the new vertical lift bridge described in Alternative 6 is
projected to be $90 million based on similar new vertical lift bridge structures with comparable span length
and tower height that have been constructed recently.
ELIMINATION OF ALTERNATIVE 6
This alternative was eliminated due to the high cost and environmental impact and because the condition of
the existing bridge does not warrant replacement.

Willow Avenue Lift Bridge
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X.VII SELECTION OF RECOMMENDED ALTERNATIVE/EVALUATION OF FINDINGS

Alternative 6

New Vertical Lift Bridge
(Vehicular and Pedestrian)

Alternative 5

New 10' Wide West Bike Path
on 5% Incline

Alternative 4

New 10' Wide West Bike Path
Remove Steel Barrier Plate
Along West Truss

Alternative 3

New 8' Wide West Bike Path
Remove Steel Barrier Plate
Along West Truss

Alternative 2
New 10' Wide West Bike
Path

Alternative 1

Criteria

New 8' Wide West Bike Path

Based on the discussion above of the advantages/disadvantages, cost implications, and impacts, the
TranSystems Project Team recommends Alternative 4 – Replacement of Existing West Sidewalk with 10'
wide Bike Path and Remove West Steel Barrier Plate. This alternative will allow for maximum accessibility
with the 10' wide bike path section at a reasonable cost, as significant strengthening of the existing
structure will not be required. Additionally, this alternative would only require minor adjustments of the
settings of the mechanical and electrical systems. While the potential reduction in fatigue life of the
counterweight sheave trunnions for Alternative 4 is moderate, this reduction is not as prominent as the
reduction for Alternatives 1, 2, and 5 and further analysis of the compound fillet fatigue detail on the
trunnion will potentially increase the remaining fatigue life of the shaft. An impact matrix for the six feasible
options is presented below.

$6,377,000

$90,000,000

Provide safe passage with maximum
accessibility to predestrian and bicycle
traffic over Cuyahoga River
Minimize impacts to vehicular and
pedestrian traffic
Provide cost-effective solution within
fiscal constraints of project
(based on 2018 costs)

$3,317,000

$3,809,000

$2,476,000

$2,565,000

Minimize environmental impact

Constructability
Minimize impact on load carrying
capacity of eixsting structural
components
Minimize impact on mechanical and
electrical components
Minimizes weight addition to span
RED
YELLOW
GREEN

RED boxes indicate the most negative impact
YELLOW boxes indicate moderate impact
GREEN boxes indicate the most positive impact
HATCHED boxes indicate criteria that is not applicable

Table 33 – Impact Matrix of Feasible Alternatives
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XI. CONCLUSIONS AND RECOMMENDATIONS
In order to produce this preliminary engineering study for the modification of the Willow Avenue Lift Bridge
in Cleveland, Ohio, the project team researched and evaluated six feasible alternatives in order to measure
the degree to which each alternative affected the structure.
The conclusions of the results of each of the studies are outlined as follows:
LOAD RATING CONCLUSIONS
The lift span truss superstructure components were analyzed for HS20-44 truck and lane loading for
Inventory and Operating levels, and the Ohio Legal Loads 2F1, 3F1, 4F1, and 5C1 for the Operating levels.
In addition, the effect of two truck trains, one composed of a series of HS20-44 trucks and one of Ohio 5C1
trucks were considered at the Operating level for the lift span. Structural components were analyzed and
load rating capacities were calculated using a combination of hand calculations, spreadsheets, and
STAAD.Pro V8i finite element modeling software. The lift span truss and tower members were first
analyzed in their as-inspected conditions in order establish a baseline for comparison and then were
analyzed with the additional dead load and live load effects from Alternatives 1 through 5. Based on the
results of the analyses of the gusset plates, varying numbers of gusset plate fasteners will need to be
replaced for each alternative to strengthen the connections. Note that this analysis of the gusset plates
used an assumed value for the fastener strength because even though the fasteners are designated as
“high strength” in the plans, no strength was given in the plans. Therefore, it is recommended that testing
be performed to determine the actual capacity of the existing fasteners, as the strength used in the analysis
was conservative based on the typical strength of high strength fasteners and the actual strength is likely
higher. The results of this testing may determine that the fasteners do not need to be replaced.
For the truss members, only Alternative 5 would require strengthening of the truss members based on the
additional load from the alternative. The load rating analysis of the roadway framing members showed that
even though none of the proposed alternatives will affect the floorbeams, they will require rehabilitation to
strengthen them due to section loss noted during inspections.
Analysis of the tower members showed that the controlling members, which are H8-J8 and H14-J14 at the
base of the water side (forward) columns, have C/D ratios of 1.00 in their existing condition. Only
Alternatives 1, 2, and 5 would require strengthening of the water side (forward) columns at their bases due
to the additional loads from the alternatives. Alternatives 3 and 4 have a negligible effect on controlling C/D
ratios for the tower legs.
MECHANICAL CONCLUSIONS
An analysis of the mechanical components was also performed to determine the effects of the proposed
alternatives. SBE evaluated the effect of the weight additions due to the proposed alternatives on the
integrity of the primary mechanical support components, as well as on the capacity of the prime mover.
From the analysis, all of the mechanical components have sufficient capacity to accommodate all weight
change options from Alternatives 1 through 5. A fatigue analysis of the counterweight sheave trunnions
was also performed to determine the effects of each alternative on the remaining fatigue life of the
trunnions. From the analysis, it was determined that the sheaves must be symmetrically loaded to avoid
greater reductions in fatigue life and any weight added to the west side of the bridge would need to be
balanced by ballast material on the east.

Willow Avenue Lift Bridge
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Due to a compound fillet on the trunnion shaft, the calculated fatigue life of the shaft in the as-built
condition, which is required to be infinite per AASHTO standards, is only 111 years. Analysis of the four
alternatives showed that each alternative resulted in a lower fatigue life, with Alternative 3 having the
smallest reduction in fatigue life (10 years) and Alternative 2 having the largest reduction (38 years). Due
to the complexity of this non-standard fatigue detail, these estimates on the fatigue life were conservatively
calculated. Therefore, it is recommended that a fatigue expert analyze the compound fillet detail to
determine the fatigue life of the detail, which is most likely greater than the calculations included in this
report.
ELECTRICAL CONCLUSIONS
An analysis was performed to determine the effects of the proposed alternatives on the electrical
components of the bridge. This analysis involved the review of the mechanical machinery loads, the past
testing reports of the existing drive equipment, and consultation with the original installer and the drive
equipment manufacturer. Based on the findings, the existing drives on the bridge are capable of operating
the bridge with the additional anticipated loads induced by all of the bike path modification alternatives.
The drives will be able to start, accelerate, run, and decelerate the span without going into an unacceptable
overload condition.
ALTERNATIVE CONCLUSIONS
Six conceptual alternatives were evaluated as part of this preliminary engineering study:
•
•
•
•
•
•

Alternative 1 – Remove and replace existing west sidewalk with new 8' wide bike path, existing
east sidewalk remains
Alternative 2 – Remove and replace existing west sidewalk with new 10' wide bike path, existing
east sidewalk remains
Alternative 3 – Remove and replace existing west sidewalk with new 8' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 4 – Remove and replace existing west sidewalk with new 10' wide bike path, remove
existing steel barrier on west side of bridge and replace with new traffic railing,
existing east sidewalk remains
Alternative 5 – Remove and replace existing west sidewalk with new 10' wide bike path inclined at
5% grade longitudinally along truss, existing east sidewalk remains
Alternative 6 – New mixed use (vehicular and pedestrian) vertical lift bridge on new alignment

Alternative 1 would require the diagonal truss member fasteners at eight gusset plate locations on the West
Truss and four gusset plate locations of the East Truss to be replaced due to the additional load associated
with the new 8' wide sidewalk on the west side. Strengthening of the water side (forward) columns at the
bases of the towers would be required under this alternative. Additionally, nine floorbeams would need to
be strengthened due to section loss and all of the gusset plates on the lift span would require edge
stiffening to meet AASHTO requirements. With the exception of installing the support cable connection to
the truss upper chord, which would require temporary southbound lane closures, this alternative would not
require traffic control. All work can be completed from below or outside of the roadway limits and truck
traffic would not have to be limited during installation of the sidewalk floorbeam members.
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Alternative 2 would necessitate the replacement of fasteners on twelve diagonal truss members and two
vertical truss members at twelve gusset plate locations on the West Truss and on four diagonal truss
members at four gusset plate locations on the East Truss due to the additional load associated with the
new 10' wide bike path. Also, strengthening of the water side (forward) columns at the bases of the towers
would be required under this alternative. Nine floorbeams would also need to be strengthened due to
section loss and edge stiffening angles need to be installed on all of the gusset plates on the lift span to
meet AASHTO requirements. All work for installing the floorbeams can be done from below or outside of
the roadway, with the exception of the support cable connection to the upper chord. Therefore, only
temporary southbound lane closures would be needed.
For Alternative 3, the diagonal truss member fasteners at eight gusset plate locations on the West Truss
would require replacement due to the additional load associated with the new 8' wide sidewalk on the west
side, which includes removing the existing steel plate barrier along the West Truss and replacing it with a
twin-tube traffic railing. Additionally, nine floorbeams would need to be strengthened due to section loss
and all of the gusset plates on the lift span would require edge stiffening to meet AASHTO requirements.
With the exception of installing the support cable connection to the truss upper chord, which would require
temporary southbound lane closures, this alternative would not require traffic control. All work can be
completed from below or outside of the roadway limits and truck traffic would not have to be limited during
installation of the sidewalk floorbeam members.
Alternative 4 would necessitate the replacement of the diagonal truss member fasteners at eight gusset
plate locations on the West Truss to accommodate the added load from the new 10' wide west sidewalk.
Note that this alternative includes replacing the existing steel plate barrier along the West Truss with a twintube traffic railing. Nine floorbeams would also need to be strengthened due to section loss and edge
stiffening angles need to be installed on all of the gusset plates on the lift span to meet AASHTO
requirements. All work for installing the floorbeams can be done from below or outside of the roadway, with
the exception of the support cable connection to the upper chord. Therefore, only temporary southbound
lane closures would be needed.
For Alternative 5, the same gusset plate fasteners for Alternative 2 would need to be replaced. In addition,
eight interior truss verticals on the West Truss would require strengthening due to the applied moment from
the 10' wide cantilevered sidewalk. Strengthening of the water side (forward) columns at the bases of the
towers would be required under this alternative. Nine floorbeams would also need to be strengthened due
to section loss and edge stiffening angles need to be installed on all of the gusset plates on the lift span to
meet AASHTO requirements. Due to the elevated nature of the work, prolonged southbound lane closures
would be needed during construction to install the west sidewalk floorbeams, reducing traffic to a single
lane and requiring signals or a flagger.
Alternative 6 is the most invasive of the feasible options, as it requires a full replacement of the vertical lift
bridge with a new vertical lift bridge of similar size and geometry. While the existing structure would stay in
service during the construction of the new bridge to maintain vehicular traffic, access to the Wendy Park
Pedestrian Bridge would be hindered by the 3'-7" wide sidewalks on the existing structure. Additionally,
due to the invasive nature of constructing a new bridge, the negative environmental impact of this
alternative is high.
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COST ANALYSIS
The construction costs associated with each alternative are presented below in Table 34.
Alternative

2018 Construction Cost

Alternative 1
Alternative 2
Alternative 3
Alternative 4
Alternative 5
Alternative 6

$3,317,000
$3,809,000
$2,476,000
$2,565,000
$6,377,000
$90,000,000

Table 34 – Cost analysis comparison of alternatives.

RECOMMENDATION
TranSystems recommends Alternative 4 - 10' Wide Bike Path, Remove Steel Barrier Plate Along West
Truss, as it accomplishes the following:
1) Maximizes bike path area for pedestrians and bicyclists.
2) Allows for addition of bike path without requiring major strengthening of the truss or tower members
and without significantly reducing the fatigue life of the counterweight sheave trunnion.
3) Allows for the addition of bike path at a reasonable cost that allows for the existing bridge to
remain.
4) Makes addition of ballast to balance the added weight of the new bike path manageable.
5) Requires minimal lane closures and traffic disruptions during construction.
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Bike Path Addition Evaluation
December 2015

COUNTERWEIGHT POCKET CHANGE SUMMARY TABLE
West Pocket
East Pocket
Addition/Removal (Each Addition/Removal (Each
Cwt)
Cwt)

CASE

Description

Span Weight

Net Addition to Span

Original Ballast in Each Cwt
Pocket

0

Existing Bridge Weight

1,676,100 lbs.

NA

14755 lbs.

‐‐‐

‐‐‐

1a

Add Bike Path, Balance within
Cwt Pockets

1,676,100 lbs.

52,500 lbs.

14,755 lbs.

+90,000

‐64,000

No

1a alt

Add Bike Path, Balance on Cwt
outside pockets (*)

1,676,100 lbs.

52,500 lbs.

14,755 lbs.

+35,250 (*)

‐9,000

Yes

1c

Add Bike Path, Balance Moments
on Lift Span

1,676,100 lbs.

125,450 lbs.

14,755 lbs.

+31,340

+31,340

Yes

1,676,100 lbs.

7,500 lbs.

14,755 lbs.

+132,750

‐129,000

No

1,676,100 lbs.

7,500 lbs.

14,755 lbs.

+52,000 (*)

‐48,000

No

1,676,100 lbs.

131,500 lbs.

14,755 lbs.

+32,880

+32,880

Yes

1,676,100 lbs.

22,800 lbs.

14,755 lbs.

+39,500

‐28,000

No

1,676,100 lbs.

22,800 lbs.

14,755 lbs.

+15,500 (*)

‐4,000

Yes

1,676,100 lbs.

54,300 lbs.

14,755 lbs.

+13,590

+13,590

Yes

1,676,100 lbs.

12,500 lbs.

14,755 lbs.

+22,000

‐15,500

No

1,676,100 lbs.

30,000 lbs.

14,755 lbs.

+7,500

+7,500

Yes

2a

2a alt

2c

3a

3a alt

3c

4a

4b

Add Bike Path, Remove East
Sidewalk, Balance within Cwt
Pockets
Add Bike Path, Remove East
Sidewalk, Balance Cwt outside
Pockets
(*)
Add Bike Path, Remove East
Sidewalk, Balance Moments on
Lift Span

Add Bike Path, Remove Barrier,
Balance within Cwt Pockets
Add Bike Path, Remove Barrier,
Balance on Cwt outside pockets
(*)
Add Bike Path, Remove Barrier,
Balance Moments on Lift Span
Add 8 ft Bike Path, Remove
Barrier, Balance within Cwt
Pockets
Add 8 Ft Bike Path, Remove
Barrier, Balance Moments on Lift
Span

Prepared for: TranSystems Corp.
Prepared by: Stafford Bandlow Engineering ,Inc.

Change Possible?

Willow Avenue Bridge
City of Cleveland

Bike Path Addition Evaluation
December 2015

FATIGUE ANALYSIS SUMMARY TABLE
CASE

Description

Span Weight

Net Addition to Span

Max Addition to Sheave

Fillet Radius

Exceeds Endurance Limit

Fatigue Life (Years)

0

Existing Bridge Weight

1,676,100 lbs.

NA

NA

1/2" R

Yes

111.31

0

Existing Bridge Weight

1,676,100 lbs.

NA

NA

2" R

NO

NA

1a

Add 10 ft Bike Path, Balance
within Cwt Pockets

1,676,100 lbs.

52,500 lbs.

39,950 lbs. x 2

1/2" R

Yes

68.28

1b

Add 10 ft Bike Path, Balance
within Cwt Pockets

1,676,100 lbs.

52,500 lbs.

39,950 lbs. x 2

2" R

NO

NA

1c

Add 10 ft Bike Path, Balance
Moments on Lift Span

1,676,100 lbs.

125,450 lbs.

31,340 lbs. x 2

1/2" R

Yes

75.17

1,676,100 lbs.

7,500 lbs.

47,508 lbs. x 2

1/2" R

Yes

62.01

1,676,100 lbs.

7,500 lbs.

47,508 lbs. x 2

2" R

NO

NA

1,676,100 lbs.

131,500 lbs.

33,300 lbs. x 2

1/2" R

Yes

73.78

1,676,100 lbs.

22,800 lbs.

17,350 lbs. x 2

1/2" R

Yes

89.27

1,676,100 lbs.

22,800 lbs.

17,350 lbs. x 2

2" R

NO

NA

1,676,100 lbs.

54,300 lbs.

13,590 lbs. x 2

1/2" R

Yes

93.57

1,676,100 lbs.

12,500 lbs.

9,512 lbs. x 2

1/2" R

Yes

98.52

1,676,100 lbs.

30,000 lbs.

7,500 lbs. x 2

1/2" R

Yes

101.08

2a

2b

2c

3a

3b

3c

4a

4b

Add 10 ft Bike Path, Remove East
Sidewalk, Balance within Cwt
Pockets
Add 10 ft Bike Path, Remove East
Sidewalk, Balance within Cwt
Pockets
Add 10 ft Bike Path, Remove East
Sidewalk, Balance Moments on
Lift Span
Add 10 Ft Bike Path, Remove
Barrier, Balance within Cwt
Pockets
Add 10 Ft Bike Path, Remove
Barrier, Balance within Cwt
Pockets
Add 10 Ft Bike Path, Remove
Barrier, Balance Moments on Lift
Span
Add 8 Ft Bike Path, Remove
Barrier, Balance within Cwt
Pockets
Add 8 Ft Bike Path, Remove
Barrier, Balance Moments on Lift
Span

Prepared for: TranSystems Corp.
Prepared by: Stafford Bandlow Engineering ,Inc.

Willow Avenue Bridge
City of Cleveland

Willow Ave Bridge
Balance Spreadsheet

Alternative 1 - Symmetric Loading
Inputs
310.00 Overall Length (N to S) of Span from Bearing to Bearing (ft)
21.33 Overall Width (E to W) C. to C. of Cwt Sheaves (ft)

Legend:
(+) X = East
(-) X = West

Initial Balance Condition - Reaction in Pounds
(assume balanced)
Note: (+) reaction is a span heavy condition
Changes to Span
Item
repairs
No.
Description
made?
1
Add Bike Path, Remove West Barrier
x
2
3
Ballast Material
x
4
5
6
total weight added/removed

Changes to Counterweight
Item
No.
Description
North Counterweight
1
West end of counterweight additions
2
East end of counterweight additions
3
4
South Counterweight
1
West end of counterweight additions
2
East end of counterweight additions
3
4

Weight
Change
+42,300
+58,900

Location (ft)
x
y
-21.8
0
0
+15.7
0

+101,200
Total, Weight Changes to Span:

*For counterweight items, the X location is calculated.
Location (ft)
repairs
Weight
made?
Change
x*
y

NE
+2,500

Corner Reactions
NW
+2,500

SE
+2,500

SW
+2,500

NE
-11,038
+36,399
NE
+25,361

Corner Reactions
NW
+32,188
-6,949
NW
+25,239

SE
-11,038
+36,399
SE
+25,361

SW
+32,188
-6,949
SW
+25,239

NE

Corner Reactions
NW

SE

SW

x
x

25500
25000

-3.7
+3.7

+155.0
+155.0
+155.0
+155.0

-8,327
-16,836
-

-17,173
-8,164
-

-

-

x
x

25500
25000

-3.7
+3.7

-155.0
-155.0
-155.0
-155.0

Total, Weight Changes to Cwt:

NE
-25,163

NW
-25,337

-8,327
-16,836
SE
-25,163

-17,173
-8,164
SW
-25,337

Solution - Reaction in Pounds:
Maximum Acceptable Reaction
Minimum Acceptable Reaction
Is Corner Reaction within Acceptable Limits

+2,697
+2,750
+2,250
YES

+2,403
+2,750
+2,250
YES

+2,697
+2,750
+2,250
YES

+2,403
+2,750
+2,250
YES

+101,000

Prepared By: Stafford Bandlow Engineering, Inc
Prepared For: TranSystems

(+) Y = North
(-) Y = South

Date Submitted:
Date Printed:1/11/2016

Willow Ave Bridge
Balance Spreadsheet

Alternative 2 - Symmetric Loading
Inputs
310.00 Overall Length (N to S) of Span from Bearing to Bearing (ft)
21.33 Overall Width (E to W) C. to C. of Cwt Sheaves (ft)

Legend:
(+) X = East
(-) X = West

Initial Balance Condition - Reaction in Pounds
(assume balanced)
Note: (+) reaction is a span heavy condition
Changes to Span
Item
No.
1
Add Bike Path
2
3
Ballast Material
4
5
6

Description

repairs
made?
x

Weight
Change
+52,500

x

+72,950

total weight added/removed

Changes to Counterweight
Item
No.
Description
North Counterweight
1
West end of counterweight pocket
2
East end of counterweight pocket
3
4
South Counterweight
1
West end of counterweight pocket
2
East end of counterweight pocket
3
4

Location (ft)
x
y
-21.8
0
0
+15.7
0

+125,450
Total, Weight Changes to Span:

*For counterweight items, the X location is calculated.
Location (ft)
repairs
Weight
made?
Change
x*
y

NE
+2,500

Corner Reactions
NW
SE
+2,500
+2,500

SW
+2,500

NE
-13,700
+45,081
NE
+31,382

Corner Reactions
NW
SE
+39,950
-13,700
-8,606
+45,081
NW
SE
+31,343
+31,382

SW
+39,950
-8,606
SW
+31,343

NE

Corner Reactions
NW
SE

SW

x
x

31300
31300

-3.7
+3.7

+155.0
+155.0
+155.0
+155.0

-10,221
-21,079
-

-21,079
-10,221
-

-

-

x
x

31300
31300

-3.7
+3.7

-155.0
-155.0
-155.0
-155.0

Total, Weight Changes to Cwt:

NE
-31,300

NW
-31,300

-10,221
-21,079
SE
-31,300

-21,079
-10,221
SW
-31,300

Solution - Reaction in Pounds:
Maximum Acceptable Reaction
Minimum Acceptable Reaction
Is Corner Reaction within Acceptable Limits

+2,582
+2,750
+2,250
YES

+2,543
+2,750
+2,250
YES

+2,582
+2,750
+2,250
YES

+2,543
+2,750
+2,250
YES

+125,200

Prepared By: Stafford Bandlow Engineering, Inc
Prepared For: TranSystems

(+) Y = North
(-) Y = South

Date Submitted:
Date Printed:12/17/2015

Willow Ave Bridge
Balance Spreadsheet

Alternative 3 - Symmetric Loading
Inputs
310.00 Overall Length (N to S) of Span from Bearing to Bearing (ft)
21.33 Overall Width (E to W) C. to C. of Cwt Sheaves (ft)

Legend:
(+) X = East
(-) X = West

Initial Balance Condition - Reaction in Pounds
(assume balanced)
Note: (+) reaction is a span heavy condition
Changes to Span
Item
repairs
No.
Description
made?
1
Add Bike Path, Remove West Barrier
x
2
3
Ballast Material
x
4
5
6
total weight added/removed

Changes to Counterweight
Item
No.
Description
North Counterweight
1
West end of counterweight additions
2
East end of counterweight additions
3
4
South Counterweight
1
West end of counterweight additions
2
East end of counterweight additions
3
4

Weight
Change
+12,500
+17,400

Location (ft)
x
y
-21.8
0
0
+15.7
0

+29,900
Total, Weight Changes to Span:

*For counterweight items, the X location is calculated.
Location (ft)
repairs
Weight
made?
Change
x*
y

NE
+2,500

Corner Reactions
NW
+2,500

SE
+2,500

SW
+2,500

NE
-3,262
+10,753
NE
+7,491

Corner Reactions
NW
+9,512
-2,053
NW
+7,459

SE
-3,262
+10,753
SE
+7,491

SW
+9,512
-2,053
SW
+7,459

NE

Corner Reactions
NW

SE

SW

x
x

7500
7500

-3.7
+3.7

+155.0
+155.0
+155.0
+155.0

-2,449
-5,051
-

-5,051
-2,449
-

-

-

x
x

7500
7500

-3.7
+3.7

-155.0
-155.0
-155.0
-155.0

Total, Weight Changes to Cwt:

NE
-7,500

NW
-7,500

-2,449
-5,051
SE
-7,500

-5,051
-2,449
SW
-7,500

Solution - Reaction in Pounds:
Maximum Acceptable Reaction
Minimum Acceptable Reaction
Is Corner Reaction within Acceptable Limits

+2,491
+2,750
+2,250
YES

+2,459
+2,750
+2,250
YES

+2,491
+2,750
+2,250
YES

+2,459
+2,750
+2,250
YES

+30,000

Prepared By: Stafford Bandlow Engineering, Inc
Prepared For: TranSystems

(+) Y = North
(-) Y = South

Date Submitted:
Date Printed:12/29/2015

Willow Ave Bridge
Balance Spreadsheet

Original Alternative 4 - Symmetric Loading
Inputs
310.00 Overall Length (N to S) of Span from Bearing to Bearing (ft)
21.33 Overall Width (E to W) C. to C. of Cwt Sheaves (ft)

Legend:
(+) X = East
(-) X = West

Initial Balance Condition - Reaction in Pounds
(assume balanced)
Note: (+) reaction is a span heavy condition
Changes to Span
Item
No.
1
Add Bike Path
2
3
Ballast Material
4
5
6

Description

repairs
made?
x

Weight
Change
+52,500

x

+72,950

total weight added/removed

Changes to Counterweight
Item
No.
Description
North Counterweight
1
West end of counterweight pocket
2
East end of counterweight pocket
3
4
South Counterweight
1
West end of counterweight pocket
2
East end of counterweight pocket
3
4

Location (ft)
x
y
-21.8
0
0
+15.7
0

+125,450
Total, Weight Changes to Span:

*For counterweight items, the X location is calculated.
Location (ft)
repairs
Weight
made?
Change
x*
y

NE
+2,500

Corner Reactions
NW
SE
+2,500
+2,500

SW
+2,500

NE
-13,700
+45,081
NE
+31,382

Corner Reactions
NW
SE
+39,950
-13,700
-8,606
+45,081
NW
SE
+31,343
+31,382

SW
+39,950
-8,606
SW
+31,343

NE

Corner Reactions
NW
SE

SW

x
x

31300
31300

-3.7
+3.7

+155.0
+155.0
+155.0
+155.0

-10,221
-21,079
-

-21,079
-10,221
-

-

-

x
x

31300
31300

-3.7
+3.7

-155.0
-155.0
-155.0
-155.0

Total, Weight Changes to Cwt:

NE
-31,300

NW
-31,300

-10,221
-21,079
SE
-31,300

-21,079
-10,221
SW
-31,300

Solution - Reaction in Pounds:
Maximum Acceptable Reaction
Minimum Acceptable Reaction
Is Corner Reaction within Acceptable Limits

+2,582
+2,750
+2,250
YES

+2,543
+2,750
+2,250
YES

+2,582
+2,750
+2,250
YES

+2,543
+2,750
+2,250
YES

+125,200

Prepared By: Stafford Bandlow Engineering, Inc
Prepared For: TranSystems

(+) Y = North
(-) Y = South

Date Submitted:
Date Printed:12/17/2015

Willow Ave Bridge
Balance Spreadsheet

Alternative 4 - Symmetric Loading
Inputs
310.00 Overall Length (N to S) of Span from Bearing to Bearing (ft)
21.33 Overall Width (E to W) C. to C. of Cwt Sheaves (ft)

Legend:
(+) X = East
(-) X = West

Initial Balance Condition - Reaction in Pounds
(assume balanced)
Note: (+) reaction is a span heavy condition
Changes to Span
Item
repairs
No.
Description
made?
1
Add Bike Path, Remove West Barrier
x
2
3
Ballast Material
x
4
5
6
total weight added/removed

Changes to Counterweight
Item
No.
Description
North Counterweight
1
West end of counterweight additions
2
East end of counterweight additions
3
4
South Counterweight
1
West end of counterweight additions
2
East end of counterweight additions
3
4

Weight
Change
+22,800
+31,500

Location (ft)
x
y
-21.8
0
0
+15.8
0

+54,300
Total, Weight Changes to Span:

*For counterweight items, the X location is calculated.
Location (ft)
repairs
Weight
made?
Change
x*
y

NE
+2,500

Corner Reactions
NW
+2,500

SE
+2,500

SW
+2,500

NE
-5,950
+19,540
NE
+13,590

Corner Reactions
NW
+17,350
-3,790
NW
+13,560

SE
-5,950
+19,540
SE
+13,590

SW
+17,350
-3,790
SW
+13,560

NE

Corner Reactions
NW

SE

SW

x
x

13590
13590

-3.7
+3.7

+155.0
+155.0
+155.0
+155.0

-4,438
-9,152
-

-9,152
-4,438
-

-

-

x
x

13590
13590

-3.7
+3.7

-155.0
-155.0
-155.0
-155.0

Total, Weight Changes to Cwt:

NE
-13,590

NW
-13,590

-4,438
-9,152
SE
-13,590

-9,152
-4,438
SW
-13,590

Solution - Reaction in Pounds:
Maximum Acceptable Reaction
Minimum Acceptable Reaction
Is Corner Reaction within Acceptable Limits

+2,500
+2,750
+2,250
YES

+2,470
+2,750
+2,250
YES

+2,500
+2,750
+2,250
YES

+2,470
+2,750
+2,250
YES

+54,360

Prepared By: Stafford Bandlow Engineering, Inc
Prepared For: TranSystems

(+) Y = North
(-) Y = South

Date Submitted:
Date Printed:12/17/2015

