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Technical Memorandum

Date: June 21, 2013
Subject: Ballard Bridge Sidewalk Widening — Structural Analysis [Appendix A]
From: Greg Banks, BergerABAM

To: Seattle Department of Transportation, SDOT

Route to:  James Corney

1. Introduction

BergerABAM was hired by the Seattle Department of Transportation (SDOT) to do a conceptual
study to assess the feasibility of widening the existing bridge pedestrian sidewalks on the
Ballard Bridge approach structures. The feasibility study focused on alternatives increasing the
width of the sidewalks to 6 feet and/or 10 feet. This document serves to provide the results of
the structural analyses conducted by BergerABAM as part of the study. The supporting
structural calculations are included in Appendix H. Sketches of the sidewalk widening concepts
analyzed are included in Appendix B.

2. Existing Conditions

Bridge Type/Layout

The Ballard Bridge is composed of eight segments; six elevated bridge structure segments and a
fill approach segment at each the north and south ends of the elevated bridge structure.
Segment 4 is the main bascule span and is located in Salmon Bay spanning the Ship Canal.
Segments 1 to 3 are to the north of the bascule span, and Segments 5 to 8 are south of the
bascule span. General details of each segment are provided in Table 1. It is important to note
that each of these segments have a distinct structural system which required a unique design
concept for the structural support of the sidewalk widening.
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Table 1 — Segment Details

Location SegNn:nt Type
North 1 Fill Approach Structure with CIP Cantilever Retaining Walls
Approach CIP T-Beam Girders Structure & CIP Box Girder Ramps
Built-Up Riveted Steel Girders with Transverse Floor Beams
Bascule Span — Not Evaluated
5 Built-Up Riveted Steel Girders with Transverse Floor Beams
South 6 Skewed Rolled Steel Beams
Approach 7 CIP T-Beam Girder Structure
8 Fill Approach Structure with Counterfort Gravity Retaining Wall

Pedestrian Sidewalks

Pedestrian sidewalks currently exist on each the west and east sides of the structure, see details
in Figure 1. The existing sidewalk conditions are substandard in width and safety as noted
below:

Sidewalk Width

The sidewalks are typically 4 feet wide between the 18-inch high traffic curb and the
metal railing. The sidewalk width reduces to approximately 3.5 feet at the light post
pedestal locations.

Safety

There is an 18-inch curb separating vehicular traffic from pedestrian traffic, which does
not provide adequate pedestrian safety under vehicular crash conditions or for bicyclist
containment. Also, the 42-inch high exterior railing similarly does not meet the current
height requirements for bicyclist safety and likely will not satisfy AASHTO
requirements for vehicular impact.

These deficiencies illustrate the opportunity to improve the safety conditions of the existing
Ballard Bridge while providing a better pedestrian/bicyclist shared-use facility.

The existing sidewalk utilizes a walkway support system which is similar on all of the elevated
bridge structure segments except Segment 2. The system consists of a concrete edge beam which
either spans between bridge transverse cantilever elements (Segments 3, 5, and 7) or is
continuously supported by a bridge girder (Segment 6). This concrete edge beam is cast
together with the concrete elements of the pedestrian railing, and is otherwise disconnected
from the main bridge deck. A 3.5-inch thick concrete slab element is supported at the edge beam
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and the bridge deck and spans the space between. Segment 2 uses a simpler system where the
sidewalk is simply the top slab of the bridge deck.
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Figure 1 - Existing Sidewalk Conditions

The existing sidewalks at the fill approaches, Segments 1 and 8, are unique. Segment 1
incorporates the sidewalk surface with the adjacent curb and vehicular slab and connects the
pedestrian barrier to the top of the retaining wall. Segment 8 connects the pedestrian barrier to
the top of the retaining wall, but uses a more typical slab on grade for the sidewalk separate
from the curb.

Demolition Details

The sidewalk widening alternatives will require the existing curb and pedestrian railing to be
removed without significant damage to the supporting structure; removing the curb without
damaging the bridge deck and removing the pedestrian railing without damaging the edge
beam.

For the fill approach segments, Segments 1 and 8, removal of the top of the existing retaining
wall will be required along with removal of a portion of the existing adjacent roadway slab. The
existing steel within the roadway slab extents being removed will not need to be preserved.

Demolition extents are shown in the sketches included in Appendix B.

3
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3. Design Criteria

The below criteria was used for the structural calculations associated with the sidewalk
widening feasibility study. The criteria are structural in nature and are not intended to be the

overall general criteria used for the project.

Project Specific Assumptions:

e Combined pedestrian/bicycle railing shall be a minimum of 54 inches from the surface of

the deck to the top of horizontal rail.
e Metal railing shall be fabricated from steel.

e The curb separating the vehicular lanes and the sidewalk shall be removed and replaced
with a WSDOT 34-inch single slope barrier, conforming to WSDOT Bridge Design
Manual (BDM), §10.2.1

e The vehicular barrier per WSDOT BDM §10.2.1 shall have railing meeting the bicycle
minimum height of 54 inches, designed to sit on top the 34-inch traffic barrier, per
WSDOT BDM §10.5.2(B)

The design clear width of the new sidewalk shall be taken as 10 feet or 6 feet.
The following manuals were used for analysis and design of the proposed alternatives:

e AASHTO LRFD Bridge Design Specifications, 6E (AASHTO) [“LRFD”]
e  WSDOT Bridge Design Manual, M 23-50.12, 2012E (WSDOT) [“BDM”]

The structural design criteria from the AASHTO LRFD and the WSDOT BDM can be grouped
into three sub-categories:

1. Structural criteria for material — e.g. concrete, steel, aluminum or wood

2. Structural criteria based on component — e.g. railing and barrier requirements,
decking, expansion joints, attachments and cantilever, removal of existing structures,

etc.

3. Structural criteria for evaluating the structure (existing or new) — e.g. service,

strength and seismic analysis and capacity
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Material Design Criteria

The AASHTO LRFD provides minimum requirements for the proportioning and detailing of

various materials by chapter: concrete (LRFD Ch. 5), steel (LRFD Ch. 6), aluminum (LRFD Ch.
7) and wood (LRFD Ch. 8). WSDOT BDM similarly addresses these same materials, providing
further information and guidance: concrete (BDM Ch. 5), steel (BDM Ch. 6), aluminum (BDM
Ch. 7) and wood (BDM Ch. 8).

Component Design Criteria

AASHTO provides both geometric and structural design criteria for pedestrian railings (LRFD
§13.8), bicycle railings (LRFD §13.9), traffic barriers (LRFD §13.7), combined traffic-ped-bicycle
barrier-rails (LRFD §13.10). WSDOT BDM,, §§10.2 & 10.5, address bridge traffic barriers and
railing, respectively. SDOT has more stringent spacing criteria than both AASHTO and
WSDOT in terms of clear spacing between rails. SDOT uses a 4-inch maximum spacing.

Structural Evaluation Criteria

The existing structure (including the Phase II seismic retrofits) was evaluated for increased dead
and live loads, as well as increased wind resistance. The design loads, load factors and
appropriate combinations are discussed below. Existing structure demands was checked
against the Approach Structure LFR Load Rating Report. The existing structure was assumed
not strengthened to accommodate the widening.

Recommended design loads and load factors are provided in AASHTO LRFD Chapter 3 and
further developed per WSDOT BDM Chapter 3. For the design of traffic barriers and railing,
loads applied to such elements are provided in LRFD Chapter 13.

Applicable service and strength load combinations are determined per AASHTO LRFD
Chapter 3 and modified in some cases by WSDOT BDM Chapter 3.

The mass increase of the sidewalk widening concepts was compared to the provisions of
WSDOT BDM §4.3 which discuss the condition wherein a seismic analysis would be invoked.

4. Widening Concepts

Structural concepts were developed that would allow the pedestrian sidewalk to be widened to
either 6 feet or 10 feet for each segment of the bridge; except for Segment 4, the bascule span.
As noted, it was assumed that the existing curb would be replaced with a concrete TL-4 crash
tested WSDOT single slope barrier to separate the vehicular traffic from the pedestrian and
bicyclist traffic. In addition, it was assumed that the existing pedestrian railing would be
replaced with SDOT’s pedestrian railing working plan. Further assumptions included concrete
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densities of 155 pcf for the reinforced concrete weight, and concrete densities of 150 pcf for
calculation of the modulus of elasticity.

Calculations have been performed assuming pedestrian loads of 75psf as designated in the
AASHTO LRFD Bridge Design Specifications. A unique structural support system was
developed for the various structure types along the length of the bridge. Schematic drawings
have been provided to show the type of construction required for each segment of the bridge,
see Appendix B. Detailed structural calculations can be found in Appendix H. It should be
noted that the calculations conducted as part of this study assumed a widened sidewalk on one
side of the structure.

Segment 1: Cantilevered Gravity Retaining Wall

The Segment 1 widening concept consists of a slab that cantilevers out beyond the face of the
existing retaining wall. The cantilevered slab has been preliminarily estimated to be 6 inches
thick in order to provide strength and stability for the pedestrian loads. The cantilevered slab
will be cast integrally with a thicker anchor slab that will be supported vertically on the existing
retaining wall stem and the approach fill material. No dowels or reinforcing will be used to
positively attach the anchor slab to the wall. The retaining wall’s vertical stem design is very
strong for vertical loads, so this connection will be used for vertical load; however, without a
steel connection, the anchor slab will not impart bending moments or significant lateral loads to
the top of the existing wall.

As the widening increases, the size of the anchor slab must also increase. The depth of the
anchor slab is estimated to be 1 foot, 3 inches and 2 feet, 3 inches thick for the 6- and 10-foot
sidewalks, respectively. The anchor slab is estimated to extend to the existing curb line for the
6-foot sidewalk and to 1 foot, 6 inches beyond the existing curb line for the 10-foot sidewalk.
Extending the anchor slab beyond the existing curb line for the 10-foot sidewalk was not
preferred; however, the existing concrete vehicular slab in Segment 1 contains longitudinal
joints, so the joint nearest to the existing concrete curb was used. In both cases (i.e., the 6- and
10-foot widening), it is recommended that expandable material be located between the inside
face of the retaining wall and the side of the anchor slab. This material is intended to prevent
vehicle impacts on the traffic barrier to impart load directly into the top of the retaining wall.

Segment 2: Conventionally Reinforced Concrete

The Segment 2 widening concept will attach directly to the existing cast-in-place concrete box
girder structures that were added as a prior vehicular widening in the 1950s. Segment 2 is the
only portion of the structure with the existing sidewalk integral to the bridge deck, and is

6.5 inches thick in-lieu of 3.5 inches thick. The thicker slab allows for a doweled bar to be
installed in the edge of the existing deck. The slab extension will not be cantilevered, but will sit
on a longitudinal steel edge beam that is in-turn supported by a new steel transverse beam. The

6
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proposed transverse support beam will be through-bolted to the existing concrete cantilever
ribs/beams that extend off of the existing concrete box girder structures. This system is similar
for both the 6-foot and 10-foot widening conditions.

Segment 3 and 5: Non-Redundant Structural Steel Girder Bridge

Segments 3 and 5 are similar in terms of structure type. The widening concept for Segments 3
and 5 widening differs for the 6- and 10-foot conditions. For the 6-foot condition, a new
sidewalk slab would be cast starting at the existing curb line and cantilever over the top of the
existing concrete edge beam. The construction contract documents should draw attention to the
care that will be required for removing the existing pedestrian rail in order to preserve the
integrity of the edge beam. It has been assumed that the new slab will be connected to the
existing edge beam through doweled anchors.

For the 10-foot condition, a new concrete sidewalk slab would be cast similar to the 6 foot
condition. A new steel longitudinal edge beam would be required, along with transverse floor
beam extensions at each floor beam location. The transverse floor beam extensions will support
the new steel sidewalk longitudinal edge beam. The existing pedestrian railing and edge beam
would be completely removed, along with a portion of the deck to allow for the splicing of the
new transverse floor beam extensions. The construction contract documents should note that it
will be necessary to preserve the existing deck steel where the new steel transverse floor beams
are to be installed.

Segment 6: Structural Steel Wide Flange Bridge

Segment 6 is a single span of structure that spans the BNSF right-of-way. The Segment 6
widening concept differs between the 6-foot and 10-foot conditions. The concept for the 6-foot
condition is similar to that for Segments 3 and 5 (i.e., a new sidewalk slab would be cast,
starting at the existing curb line and cantilevering over the top of the existing concrete edge
beam). Again, the construction contract documents should draw attention to the care that will
be required for removing the existing pedestrian rail in order to preserve the integrity of the
edge beam.

The Segment 6 widening concept for the 10-foot condition is unique to the entire project. An
entirely new girder is shown to support the widening, due to the capacity limitations of the
existing exterior beam, the complicated geometry of the skewed interior beams, and the
relatively short span. The addition of this proposed girder will require that a seat extension be
provided at each supporting pier wall (i.e., Piers 22 and 23). Vertical clearance over the BNSF
right-of-way will also need to be maintained. The widening itself will consist of a new sidewalk
slab that would be cast starting at the existing curb line and cantilevering over the top of the
proposed girder.
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Segment 7: Conventionally Reinforced Concrete T-beams

The Segment 7 widening concept for the 6-foot condition is similar to that for Segments 3 and 5
(i.e., a new sidewalk slab would be cast, starting at the existing curb line and cantilevering over
the top of the existing concrete edge beam). Again, the construction contract documents should
draw attention to the care that will be required for removing the existing pedestrian rail in
order to preserve the integrity of the edge beam.

For the 10-foot condition, a new sidewalk slab would be cast, starting at the existing curb line.
The slab will not be cantilevered but will sit on a new longitudinal steel edge beam that is in-
turn supported by a series of new transverse steel truss systems. The proposed truss systems
will be through-bolted to the existing concrete cantilever ribs/beams that extend off of the
exterior face of the existing concrete T-beam girders to form a tension tie, and will be connected
to the existing concrete tee beam girders with resin bonded anchors to form a compression strut.

Segment 8: Counterfort Gravity Retaining Wall

The Segment 8 widening concept is similar to Segment 1; a thin concrete slab will cantilever out
beyond the face of the retaining wall, and a thick anchor slab will bear on the retained fill
material behind the retaining wall. The existing retaining wall system in Segment 8 differs from
Segment 1 in that Segment 8 uses a counterfort retaining wall system, whereby individual
footings support large vertical triangular-shaped concrete structural members oriented
perpendicular to a concrete fascia that retains the soil. In this system, the fascia collects the load
from the soil and carries it horizontally to the large, concrete, triangular-shaped counterforts.
The vertical reinforcement in the concrete fascia is minimal because the facing is not intended to
carry load in that direction.

The counterfort wall does not lend itself well to carrying vertical loads or bending moments
about the top of the facing wall. Therefore, the conceptual design shows the anchor slab fully
isolated from the concrete wall with expandable material. The anchor slab was set to extend to
the existing curb line for the 6-foot condition, which resulted in an anchor slab depth of 3 feet.
For the 10-foot condition, the anchor slab was set to extend 10 feet out from the curb line as an
attempt to locate the edge of the anchor slab at the adjacent driving lane. The associated depth
of the anchor slab in this condition was 1 foot, 10 inches.

5. Assessment
For the Ballard Bridge Sidewalk Widening concept study, the objective was to ensure that a

widening concept was feasible. It was assumed the concepts would be further optimized in final
design efforts. The structural feasibility of the widening concepts were evaluated based on the
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impacts to the LFR load rating operating rate factors and impacts to the overall mass of the
structure. Each is described further below:

Load Rating

As part of the seismic retrofit project, a bridge load rating analysis was conducted. Bridge load
rating is a procedure to determine the adequacy of the structural bridge components to carry
live loads. Two load rating methods exist: the Load and Resistance Factor Rating (LRFR), and
the Load Factor Rating (LFR). Per the AASHTO Manual of Bridge Evaluation (MBE), new
bridges designed after October 1st, 2010 shall be rated based on LRFR methods, and bridges
designed prior to October 1st, 2010, existing bridges, or partially rehabilitated or reconstructed
bridges where part of the existing structure was designed by the allowable stress method, can
be rated by either the LRFR or LFR methods. The Ballard Bridge approach structures fall into
the latter category. The LFR load ratings for the modified portions of the Ballard Bridge were
investigated as part of this feasibility study.

LFR load rating equation 13.1.2-1 from the WSDOT Bridge Design Manual is presented below.

RF - ((pc—}’DLDiS)
YLLLL(1+IM)

Note that the equation shown is used for the determination of load rating factors for legal
trucks, which are the trucks used for assessing load restricting a structure. A different equation
is available in the bridge design manual for overload vehicles. No equation has been provided
in the bridge design manual for the determination of the effects of pedestrian loading on load
ratings. Therefore pedestrian loading has not been applied to the calculation of load rating
modifiers provided in this document.

A full load rating analysis/report to provide rating factors including the widening concepts was
not conducted as part of this study. Instead, modification factors that act as multipliers to the
rating factors presented in the load rating report were developed. The basis of the development
of this modification factor is as follows:

The only variable in the rating factor equation at a given location is the live load under
investigation. The structural element capacity, dead loads, and prestress contribution are
constant values. A new rating factor was calculated by adding in the dead load
contribution from the sidewalk widening to the existing structure dead load demands.
The modification factor was taken as the ratio of this revised rating factor to the
component rating factor provided in the Load Rating report, see equation below:

RFmodified = (Modification Factor) x RF
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The calculations for the determination of these modification factors have not been provided in
the Appendix H of this report as the data provided is not intended to give load rating output for
the Ballard Bridge structure. The modification values shown in the Tables 2 and 3 below are

intended to be used in conjunction with the Load Rating report.

Table 2 — Load Rating Modification Factors — 6-Foot Sidewalk

Schematic Modifications to Load Rating Factors - 6ft Wide Sidewalk

Modification Factor

Segment Member Load Condition -
Inventory | Operating
5 Widenine B Moment 0.98 0.97
nin X

idening bo Shear 0.94 0.94
M t 0.88 0.88

91# Floor Beam omen
Shear 0.99 0.99
Moment 0.91 0.91

3&5 98# Floor Beam
Shear 0.99 0.99
Moment 0.96 0.96
Gird

et Shear 0.96 0.96
M t 0.95 0.95

6 Girder 3 or 4 omen
Shear 0.98 0.98
Short Box between Piers Moment 0.99 0.99
; 23 & 24 Shear 1.00 1.00
. . Moment 0.96 0.95

Bridge Past Pier 24

Shear 0.95 0.95

10
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Table 3 — Load Rating Modification Factors — 10-Foot Sidewalk

Schematic Modifications to Load Rating Factors - 10ft Wide Sidewalk
fication F
Segment Member Load Condition Modification act‘or
Inventory | Operating

M t 0.96 .
2 Widening Box omen 0.9
Shear 0.90 0.90
Moment 0.75 0.75

91# Floor Beam
Shear 0.98 0.98
M t 0.80 0.80
3&5 98# Floor Beam omen

Shear 0.98 0.98

M t 0.91 .
Girder omen 0.91
Shear 0.89 0.91

M t 0.91 .
6 Girder 3 or 4 omen 0.91
Shear 0.97 0.97
Short Box between Piers Moment 0.99 0.99
. 23 & 24 Shear 0.99 1.00

M t 0.90 .
Bridge Past Pier 24 omen 0.90
Shear 0.88 0.88

Segments 3 and 5 show the highest sensitivity to the sidewalk widening. This is due to the
existing structural system of cantilevered floor beams supporting the bridge deck. Additional
load from the widening occurs beyond the current extents of the cantilevered floor beams. The
load, although relatively small, applied to the limits of the cantilever creates large bending
moments in the floor beams. Note, the 6 foot path alternative only connects to the 91# floor
beam locations; therefore a modification factor of 1.00 is shown for the 98# beams. Similarly, in
Segment 6, Girder 4 shows modification factors of 1.00 as an additional beam line is
recommended for that condition.

Tables 2 and 3 were developed showing the impacts of a single sidewalk widening (ie.
widening on only one side of the structure). However, the modification factors will not change
when considering two sidewalks, or a sidewalk widening on each side of the bridge, with the
exception of Segment 7. Segments 2, 3, 5, and 6 all have rating modification factors relevant to
adjacent supporting members. Sidewalk widening on the other side of the bridge would affect
similar members on the opposite side of the structure. Segment 7 was analyzed as a whole
bridge; therefore the modification would be doubled for that structure.

11
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The load rating analysis did not reveal any operating live load deficiencies that would result in
needing to restrict live loading on the bridge. Based on the reported modification factors and
the magnitude of the operating rating factors, it was determined that the sidewalk widening
concepts were feasible without the need to restrict live loading on the bridge. However, it
should be noted that the addition of the sidewalk widening does cut into the live load carrying
capacity of the bridge structure. To minimize these impacts, alternate materials/details could be
investigated in final design (see Section 7 of this memorandum), or modifications to the
widening concepts could be evaluated. One such potential modification noted in the
development of the widening concepts is as follows:

Segment 3 and 5 Floor Beams

¢ Adding bracing members at each connected floor beam.

0 Benefit — This modification has potential to change the structural system of the
existing floor beam from a cantilevered beam to a more beneficial simply
supported beam.

0 Concern — Changing the structural system may have consequences not easily
determined without analysis. E.g.:

* Increasing axial loads to existing bracing.

* Ensuring dead load conditions are modified by new framing (“rerouting”
existing dead load forces is challenging).

* Connection issues to existing beams.

¢ Adding new floor beams between all existing floor beams.
0 Benefit — Adding new floor beams will effectively halve the loads to existing
floor beams.
0 Concern — Adding floor beams will significantly increase the amount of material
added to the structure. Significantly increasing added mass and cost.

Structural Mass

The widening concepts will add mass to the existing bridge structure which will impact the
seismic demands on the structure. The widening concepts of the bridge have not yet been fully
reviewed for seismic performance. For this study, the increase in mass was recorded and
compared to the mass of the existing structure. Per Section 4.3 of the WSDOT Bridge Design
Manual, a seismic analysis of a bridge widening without new substructure may be waived with
the owner’s approval if the added mass from the widening is 10 percent or less of the original
structure weight. The results of the preliminary analysis indicate that the added mass due to the
bridge widening would not exceed the 10 percent threshold for Alternative 2 with all
combinations of widths (see Table 4 for details). It should be noted that Table compares the
superstructure mass increases only. For the option with 10-foot width on both sides, the mass

12
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increase exceeds 10 percent of the superstructure mass, but it remains below 10 percent of the
total structure mass. Based on precedent experience, the retrofitted capacity/demand ratios are
high enough to accommodate the additional mass; however, further analysis should be
performed if the City chooses to construct the 10-foot additional width on both sides. Details of
the structural calculations conducted as part of this study can be found in Appendix H.

Table 4 — Structure Mass Increase Percentages for
Sidewalk Widening Alternatives

Bridge Alternative 2 - Widening Options
Segment 6 ft 10 ft 6 ft & 6 ft 6 ft & 10 ft 10 ft & 10 ft
1* - - - - -
2 0.7% 1.0% 1.4% 1.7% 2.1%
3 1.4% 2.7% 2.7% 4.1% 5.5%
4** - - - - -
5 1.4% 2.7% 2.7% 4.1% 5.5%
6 0.5% 0.9% 1.0% 1.4% 1.8%
7 1.3% 2.9% 2.6% 4.2% 5.7%
8* - - - - -

*Segments 1 and 8 are fill approaches and do not include the same seismic restrictions as the elevated
bridge structure approach segments (i.e. Segments 2 through 7). The widening system for Segments 1
and 8 have been designed as self-equilibrating moment-resisting anchor slabs in order to reduce the
interaction between the new sidewalk widening and the existing walls.

**Segment 4 bascule span was not evaluated as part of this contract.

6. Alternate Materials/Details

Typical materials and details were used in developing the widening concepts for the Ballard
Bridge. Typical design materials provide a sound baseline for preliminary engineering design,
and are usually less expensive than more specialized alternatives. For the Ballard Bridge
Sidewalk Widening concept study, the objective was to ensure that a widening concept was
feasible and then leave the optimization to final design efforts.

There could be significant advantages to using alternate details and materials. Based on the load
rating report, the Ballard Bridge has little reserve live load capacity. Utilizing alternative
materials/details could help minimize the impacts to the reserve live load capacity. Alternate
materials and details would also minimize the added mass, which would minimize the increase
in lateral seismic inertial loads. Some beneficial alternate materials/details are (1) lightweight
concrete, (2) steel traffic barrier, and (3) aluminum railings. Each are described further below:

Lightweight concrete
The most influential component of mass increase in the sidewalk widening design is the

concrete. For example in the Segments 3 and 5, 10-foot widening option, the concrete

13
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represents about 85 percent of the total mass increase; using normal weight concrete
with a density of 155 pcf. Lightweight aggregate concrete would be analyzed with a
density of 125 pcf, per the WSDOT Bridge Design Manual. If an additional 5 pcf is added
in for reinforcing, the use of lightweight concrete would reduce the mass increase
associated with concrete by about 16 percent. Relating back to Segments 3 and 5 this
would represent about a 13.5 percent mass savings overall.

Lightweight concrete is penalized, from a design standpoint, with lower shear capacity
versus normal weight concrete; however, this penalty can be accommodated without
significant changes to the provided proposed alternatives.

Steel Traffic Barrier

Concrete is the largest mass contributor to the sidewalk widening, and a major
component of the additional concrete is present in the new single slope concrete barrier.
For example, the area of concrete in a typical 10-foot sidewalk widening is
approximately 6.2 feet?, and of that area, about 2.4 feet? is concrete traffic barrier
weighing 372 plf (based on normal weight concrete). A steel traffic barrier would weigh
significantly less, potentially resulting in a mass savings greater than an overall change
to lightweight concrete.

A steel traffic barrier option would not need to be limited to typical bent plate guardrail
designs (although they may be the most cost effective). AASHTO provides guidance for
the design of steel traffic barriers. A design could be created which looks more aesthetic
than a typical thrie beam.

There are drawbacks to the use of a steel traffic barrier. The traffic barrier would
preferably not be designed to act as a bicyclist fence. Steel barriers are relatively flexible
compared to concrete barriers, even a small impact could cause pedestrian alarm if the
barrier and fence moved together due to a vehicle impact. Additionally, should an
impact cause deformation in the steel railing, it could impact the visual appeal of the
sidewalk. Constructed separately, the pedestrian fence would not necessarily be
impacted by a vehicle impact on the traffic barrier.

Aluminum Railings

Aluminum railings are a lightweight alternative to structural steel railings. Aluminum
alloys are designed with a density of 175 pcf versus the 490 pcf density of steel.
Although this weight difference is significant, the design strength of aluminum is
approximately 85 percent to that of steel (due to lower AASHTO resistance factors),
which would lead to larger member sizes which counter the weight savings.
Additionally, the railings themselves are a minor part of the overall mass increase. Even
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significant mass savings from the railings would only provide minor savings to the
overall mass increase.

7. Conclusion

Widening of the sidewalks within the Ballard Bridge elevated bridge structure segments is
structurally feasible at a mass increase of less than 10 percent and without live load restrictions.
The sidewalk widening for Segments 1 and 8 is feasible with limited impact to the existing
retaining wall structures. The sketches provided in Appendix B show a typical sidewalk design,
but will require significant additional detailing beyond what is shown for a complete
understanding of what needs to be constructed.
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CITY OF SEATTLE STANDARD PLAN

(Proposal for Stesl Pipe Handrail)

— According to 2000 IBC Codes —

PEDESTRIAN RALING:

{Ses Standard Plan Ne.442)
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Ballard Bridge Sidewalk Widening Alternative Study
Seattle Department of Transportation, Seattle, Washington

Appendix D
Photos and Field Measurements



Appendix Narrative

Introduction

The following appendix summarizes the data gathered on a site visit made on 17 July 2012. There were
two primary objectives for this site visit. Firstly, as-built dimensions at “choke-points” were measured
for comparison with extant engineering drawings. Secondly, photographs of the pedestrian paths along
the east and west sidewalks, as well as the pedestrian underpass and trail area at the south end were
collected for future reference.

The contents of this section can be divided into three components. Firstis a key plan of the bridge
noting the approximate locations and directions of view of each photos Second are the photographs,
and third is a single sketch showing the typically measurements recorded at critical points along the
bridge.

Summary of Findings

Prior to visiting the site, City of Seattle was to provide us with the majority of extant drawings for the
entire bridge, from Section 1 (north) to Section 8 (south). We noted that the critical “choke points”
would most likely be at locations such as the luminaire poles, intermediate posts, approach span railing,
and bascule span transition areas. From the information in hand, we decided to measure any other
anomalies encountered in the field as well as verify the acquired information from the City.

We took a number of measurements at the locations noted above all along the bridge, and additionally
at points where the railing/sidewalk appeared to taper or change direction. What we discovered was
that the sidewalks appear to generally be in conformance with the information we had previously
obtained, and that the dimensions were fairly consistent along the length of the bridge.

With the exception of the south east transition area of the bascule span, the sidewalk at section 4 was
generally wider than the other sections. At all the other sections, both east and west, the cross-sections
at the luminaire poles were the most spatially constricted. Please refer to the sketch at the end of this
section for specific dimensions. These dimensions are approximate, average and were not collected for
every single instance.
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