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BRIDGE STRUCTURE EVALUATION

The "Downtown/Riverfront Streetcar Studies" Project involveséxisting bridges along
CapitolMall/West Capitol Avenue the Tower Bridge over the Sacramento R{i@wer
Bridge) and theCapitol Mall Separatiorwhich @arriesCapiol Avenue(formerly State Route
275)overInterstateéd. This study included a preliminary investigation otibstructures to
evaluate their ability to carry streetcar traffic along with the current mix of motor vehicle,
bicycle and pedestriamaffic. The investigation, documented in the following sections,
consideredssues related tane configuratios, clearanceand structural capa@ts for each
structure, as well as potentegbproaches faaddressing them.

Tower Bridge
Bridge Descrijn

The Tower Bridge (Br. No. 22 00219onstructed in 19345 asevenspan steel truss and plate
girder bridgewith lightweight concrete deck spanning a totadpproximately737 feet

7 inchesover the Sacramento Rivemeasured between paving notchetha abutments)It
consists of four steel plate girdgeck spans on the wegioach (each between 34 feet and
35feet in lengthlandan asymmetrical arrangementtbfee simplespan throughsteelPratt

truss spansever the river. The main river sp#s averticallift spanmeasuring 209 feet

6inches. The lift span is flankdxy truss spans of 192 feet 6 inches and 167 feet 5 inches on
the west and east, respectively

The overall bridge width is 68 fe8t2 inchesncluding a 52foot wide roadwaynd 4-foot

wide sidewalks cantilevered outside of the trussdsch measure 56 feet 6 inches center to
center The through truss spans provide vertical clearance ranging from 15 feet 0 inches at the
curbs to 23 feet O inches at the bridge centerline. gféges on the bridge range from level

over the easterly portion of the west truss span and the westerly portion of the lift span to
approximately 3.9 percent on the east approach.

The approach spans are supported by concrete piers founded upon condieteearpiling
The lift span is supported on concrete piers founded upon large diameter, deeply embedded,
concrete spread footing blocks.

The bridge originally carried a single electnterurban railway lin@longthe center of the
bridgeflanked by fou lanes of traffic, two on either sid&ventually, thenterurban trains

ceased operation, after which freight trains used the bridge for a number digfeaesthe
tracks were paved over and ultimately removed

The Tower Bridgewhich is owned by Cathns,is listed on the National Register of Historic
Places. According to the EIR/EIS for the sidewalk widening project, thesgiteen
characteidefining features of the bridge, including the trussegainrailway featuresand the
lightweight concete deck.
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Prior Modifications

The tracks werabandoned anpavedover in the early 1960and were removed when the
deck was rehabilitated 2004

The bridge was repainted in the late 1980s. This project added approximately 15,000 Ibs of
dead load tohte lift span.

A project to widen the sidewalks is currently underway spite of significantly widening both
sidewalks, this project is expected to reduce the overall dead load of the lift span.

Existing and Proposed Lane Configurations

Currently, the bdge accommodatdsur 11-foot traffic lanes(two each, eabbund and
westboundpandtwo 4-foot shoulders within the 5fbot roadway along with two 4foot
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Figure 1 0 Typical Section of Tower Bridge showing existing lane configuration (and
proposed sidewalk widening) d&wo through traffic lanes  in each direction with

shoulders.
sidewalks outboard of the main trussas shown ifrigure 1. This configuration was
established ythe deck rehabilitation project, which narrowed the lanes to 11 feet to
accommaodate bicyclists on thef@bt shoulders in anticipation of tiannedestablishment of
Class Il bike lanes on the approach roadwayere is no opportunity to widen the dveay to
accommodate the streettmcausehe roadway is constrained by thefd6t 6-inch spacing
between centerlines of the trass Consequently, angroposed lane configurationsustfit

within the 52foot roadway.A project to widen the existing swalks to 10 feet is expected to
begin constructiomvithin the next year.
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Figure 2 dTypical Section of Tower Bridge showing lane configuration Alternative 1 &
two through traffic lanes in each direction and one dedicated streetcar track  with no
shoulders/bike lanes .

Three alternativéane/trackconfigurationsvereinvestigated for accommodating the streetcar
on the Tower Bridge

Alternative 1 FourTrafficLaneswith OneDedicatedbtreetcairack

In this alternative, aingle,two-way, streetcar track would run along the centerline of the
bridge in a dedicated right of way between ®estbounénd two westbounttaffic lanes as
shown inFigure 2. This is the lane and track configuration ¥anich the Tower Bridge was
originally designed. Howevein this configuration, the traffic lanes would be only 10 feet 3
inches widawith no shouldersBecause of the high volume of truck and bus (100 buses per
day) traffic on the bridge, and the impate of the bridge to commuter bicyclists, Caltrans has
indicated that neither reducing the lane widths below 11 feet nor eliminatingdbe 4

shoulders would be acceptable. Consequently, no further analysis of this lane configuration
alternative was péormed
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Figure 3 dTypical section of Tower Bridge showing lane configuration Alternative 2 o}
one through traffic lane  in each direction and one dedicated streetcar track  with
shoulder s/bike lanes.
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Alternative 2 Two Traffit.aneswith One Dedicated Street€aack

In this alternative, as with Alternative 1, a single, tway, streetcar track would run along the
centerline of the bridge in a dedicated right of way. However, in this alternétere would

be only oneeastbounédnd one westbourtdaffic lane,along with wide shouldersn each side
(Figure 3). Thisconfigurationwould accommodate standard lane widths of 12 feet alongside a
14-foot dedicated streetcar right of way (RO 7-foot shoulders.

Further study of the traffic implications of reducing the number of traffic lanes from four to two
will be required, but, based on discussions with Caltrans, preliminary indications are that a
reduction from four to two lanes may be fédsigiven that the primary traffic congestion along
the Capitol Mall results frorits intersection with 8 Street although bridge openings,

particularly during the summer, are also significant contributors to congestion.

Alternative 3Two Traffitanesand TwdMixed FlowTraffic and Streetcdrqines

This lane configuration would be essentially the same as the existiigfiamel 1-foot traffic
lanes with two 4oot shoulder§ but with two of the lanes (one in each direction) serving as
mixed-flow lanes of highway and streetcar traffic. In this alternative, the rivadlanes
could either be the two interior lanes or the two exterior |@rigsire 4).
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Figure 4 8 Typical Section of Tower Bridge showing lane configuration Alternative 30
one through traffic lane  and one mixed -flow traffic/streetcar lane in each direction

with shoulder s/bike lanes.

OriginalDesign and Proposed Loads

Original Design Loads Electric Railroad

The Tower Bridge wasriginally designed to accommoddteir lanesof highway trafficand a
single electriqail line. However, rather than being designed for typical electric railway
loading of the time, the rail line was designed (according to theiiglans) assuming much
heavi er 80doading regresentihg a pair of-agle, 176.5on locomotive and tender
combinations followed by a linear load of 3 tons per linear foot representing a train of freight
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cars as shown iffrigure 5. The maximum axle loads (foupaced on oot centers for each
| ocomoti ve) fSDitoadindere 25@osoper 6 s E

The centerline of the track was placed at the centerline of the bridge. Twaosheglvstringers
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Figure 50C 0 o p e 560 lscorotive loading used for design of Tower Bridge.

were designed for the E 50 loading and constructed directly unceraihof the track.
Generally speakingll of therail vehiclesbeing considered for the streetcar syséemlighter
than the Coopeb E 50loading but heavier thathe H 15 trucks

Original Design Loadis Highway Loading

According to the abuilt plans, the design load for the four traffic lanes was-toh5twoaxle

truck (H15 loading). For spans less thanféét, this loading consisted of a singletbh truck

(3 ton front axle and 1fbn rear axle spaced at 14 feet) preceded and/or followadsbries of
11.25ton trucks spaced 30 feet apart (measured between closest axles). For spans greater than
60 feet, the HL5 loading consisted of a uniform load of 480 Ibs per linear foot with a 18500
concentrated load for moment, and a 19;l06oncentrated load for shears shown in

Figure 6. Note that the linear lane loading is the sami@athe current H 1814 loading but

less than the current standard highway loading, which is H&120
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Figure 6 dTruck lo ading used for design of Tower Bridge.
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Current Degn Loaddi Streetcar Loading

Three diffeent electric traction vehicles are being considered for the new streetcar system: a
replica Birney TrolleyBirney), a modern streetcar such as the Inekon T@RiGdern
streetcar)and a Sacramento Regional Transit light rail vel{icRV).

The Birney trdley consists of a single car with two tvexle trucks as shown Figure 7.

Fully loaded, the Birney weighs approximately 30 tons, with the load assumed to be equally
distributed between the four axles. The Birney trolleys are between 44 and 50deetifbra
distance of

approximately 21 feet =| = =
between centerlines of B e B
trucks. s .

Birney Replica Trolley Axle Loads (fully—loaded)

The modern streetcar
consists of a single
articulated vehicle with

Figure 7 dBirney replica trolley loading

two two-axle trucks as 2| = *\ =
shown inFigure 8. D o
Fully loaded, the S e sz |
modern streetcar weigh: Modern Streetcar Axle Loads (Inekon TRIO — fully—loaded)

approximately 52 tons,
with the load assumed
to be equally distributed
between the four axles. ‘
The modern streetcars 3 E| 3| 2
are approximately 66
feet long, with a
distance of
approximately 39 feet
between centerlines of
trucks.

Figure 801 nek on TRI O stréenaard leadimgo

ight Rail Vehicle Axle Loads (fu

Figure 9 d Sacramento Regional Transit Light Rail Vehicle loading.

The LRV consists of up to four articulated vehicles with tiwaeaxle trucks as shown in
Figure 9. . Fully loaded, the LRV weighs approximately 65 tons per vehicle (260 tons for a
four-car train), with the load distributedore heavily to the outérucks (sed-igure 9). The
LRVs are approximately8feet long,with a fourcar train being a total of 312.5 feet long. The
distance between centerlines of trucks varies betweéee?and 29eet.

The LRV is clearly the heaviest of the potential streetcar vehicles, especially in tarfour
train configuration. Howver, the modern streetcar has higher individual axle loads.
Consequently, for members with short spans, the modern streetcar will be the controlling
loading, while for those with longer spans, the LRV will control.
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Current Design Loadis Highway Loading

Current design vehicletesignateddS 20-44 (HS 20 weigh 72,000 pounds (36 tonsjhese
trucksare2.4 times asieaw asthosefor whichthe bridge was originally designetiowever,

for longer spans, such as the overall truss spans, the HS 20 lamg loaalirols over the
individual truck loading. In contrast to the factor of 2.4 between the H 15 and HS 20 trucks,
thedifference between the 15 and HS 20 lane loadings is only a factor of 1.33.
Consequently, for highway loading, the affect of applyogent loads is greatest for members
with shorter spans such as the stringers and floor beams, and smallest for those with longer
spans, such as the main trusses.

Streetcar Dead Loads

Other loads that must be considered with the reintroduction of stred¢tcthe bridge are dead
loads associated with tradkain controlequipment and an Overhead Catenary System (OCS).
These are typically on the order of 350 pounds per linear foot of track. So, for a single track
the additional load to the lift span wd be approximately 35 tons. For two tracks, the added
dead load would be approximately 70 tosgrengthening of the floor system for double
tracking would further add to the dead load.

The lift span is extremely sensitive to the addition of deaddoado the distribution of dead

load both longitudinally and laterally. The lift span weighs approximately 1,000 tons, while the
total outof-balance between the dead load of the span and the counterweights is less than
12tons (i.e., the two counterweighcombined weigbver988tons)yCal t r ans é go al
adding additional lifting weight to the span. The repainting project added approximately
7.5tons to the total dead load of the lift span. Thdeeking project, on the other hand,

reduced th total dead load slightly (between 10 and 15 tons), and the sidewalk widening
project, by using fiber reinforced polymer (FRP) decking in place of concrete, is expected to
again reluce the tatl dead load of the lift spastightly, even thought the new PRsidewalks

will be more than twice as wide as the existing lightweight concrete ones

Seismic Loading

Although the Tower Bridge is on the seismic retrofit list, according to Caltrans, it has never

been thoroughly evaluated for seismic loads. Recentiggéwesign ground motions are

greater than those used in the past. Caltrans policy on previous projects has been not to require
seismic evaluation as long as the dead load was not increased.

Existing and Required Capacity

The capacityassessment of theisting bridge vasperformedaccording tahe American
Association of State Highway and Transportation Officials (AASHW@hual for Condition
Evaluation of BridgesCaltransBridge Design Specificatiorad e American Railway
Engineering and Maintenanoé Way AssociatiofAREMA) Manual for Railway
Engineering
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Because the lane configuration in Alternative 1 was considered unacceptable to Caltrans, no
structural analysis related to this alternative was performed.

Trusses

Detailed analysis of the main sses was beyond the scope of this investigation. Instead, the
capacity of the trusses to carry the proposed streetcar loads was evaluated by comparing the
proposed loads to the original design loads and to the current rated capacity of the bridge.

As notel previously, for a 20@ span, highway lane loading governs over truck loading.
Consequently, the difference in loading between the desitfh IBlading and current HS

loading is only a factor of 1.33. Conversely, the heaviest of the proposed stasadoays, the
LRV loadingproduces a load affeGissuming a foucar train)only about 20 percent of that
produced by t he GCNenghe wdsscade prépOsed laading (two gtreetcar
tracks with LRVs and two lanes of HS 20 lane loaylingompared to the original design live
loadoffour]l anes of H 15 and one track ofaff€€isoper 6s
less than 75 percent ofahfor theoriginal design loasl Similarly, the combination of two

lanes of modern streetdaading and two lanes of HS 28sult in a load affect less than half of
the original design load, and a combination of two lanes of Birney loading with two lanes of
HS 20 results inraeven smalletotal load affect.

The load factor rating of the bridgenformed by Caltrans shows an inventory rathg

32.0tons or approximately 80 percent of the full HSIg@ding. This can be considered a

lower bound capacity for all of the members considered because the rating is based on the
controlling member in th structure; all other members must have at least the capacity of the
controlingme mb e r . Because the trusses 50draire desi gne
loading, along with four lanes of H 15 lane loading, it is reasonable to conclude thatghe trus
were probably not the controlling members for the ratigletailed review of Caltrans rating
calculations in the next phase would be expected to confirm this assunftiainsaid, a
comparison of the total live load associated with two lanes@&ddRVs and HS 20 lane

loading shows that this combination would significantly exceed the total rated capacity if the
trusses were the controlling members, whereas a single track of modern streetcar along with
two lanes of HS 20 would exceed the rated cépay only about 20 percent. On the other
hand, two lanes of either the modern streetcar or the Birney along with two lane@f HS
would be less than the total rated live load.

We can therefore conclude that the trusses are adequate for lane ctiafigditarnatives 2
and 3 for either the modern streetcar or the Birney trollayrther study would be required to
determine definitively if the trusses are adequate for the alternatives with the LRV.

Floor Beams

Floor beams were evaluated in a manneilar to that for the trusses: approximate load affects

on the floor beams associated with the proposed loadings were compared to the load affects for
the original design loading. As with the trusses, and as would be expected, the loads on the
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floor beamsassociated with the proposed streetcar loadings are small in comparison to the
original design loads, regardless of which streetcar vehicle is applied (well under 50 percent of
the original design loading). However, for the floor beams, because ofdtiealg short live

load span (25 feet 2 inches), the LRV and modern street car load affects are not significantly
different Furthermore, again looking at the rating as a lower bound capacity for the floor
beams, a comparison of the proposed-fane cafiguration with the rated capacity shows that

the proposed streetcar lane configurations all create less load affect on the floor beams than the
rated capacity.

Therefore, as with the trusses, we can conclude that the floor beams are adequate for lane
corfiguration Alternatives 2 and 3 for any of the proposed streetcar vehicles, including also, in
this case, the LRV loading.

Stringers

Stringers were evaluated in a manner similar to that for the trusses: approximate load affects on

the stringers associat@dth the proposed loadings were compared to the load affects for the

original design loading. There are two main types of stringers to be evaluated: the two
firailroad stringerso under the original track
remainctr of the deck (exclusive of the sidewalks).

For the railroad stringers, the | oad affects
are more than double those of any of the proposed streetcar loads or HS 20 loading. Therefore,

it is clear that th railroad stringers are adequate for any of the proposed loading configurations

or vehicles. Because the railroad stringers are so much larger and more closely spaced than the
roadway stringers, it is clear that they could not be the controlling mefobé¢ine load rating,

as they both have greater capacity and are subjected to a smaller magnitude of loading than the
roadway stringers.

On the other handor the roadway stringersone of the proposed load arrangements or

vehicles results in load affedess than those associated with the design H 15 loading.

However, the load rating for the roadway stringers indicates a higher capacity than the original
design load. Even so, only the Birney trolley results in load affects less than the rated capacity
of the stringers. Therefore, for lane configuration Alternative 3, use of either the modern
streetcar or the LRV would result in the need to strengthen the eight roadway stringers. Even
with the Birney trolley, in order to run it with traffic, support the rails would have to be

provided independent of the deck slab or the existing roadway stringers, as the deck is not thick
enough to support an embedded rail and the stringer spacing does not matclysugeail
Consequently, only lane configuratigiternative 2 is viable withoustrengthening of either

the deck, four of the roadway stringers, or both.

Structural Modifications

Addition of streetcars to the existing bridge is expected to require significant strengthening only
of the roadway stringer and only for lane configuration Alternative 3. For this alternative
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two strengthening options atiee concrete bridge deckwdbe removed, higher capacity steel
stringers installed to replace the smaller deficient stringers, and the bridge dexstreested.

The higher capacity steel stringers would be placed as close as possible to the underside
location of each rail of the track. Hane configuration Alternative 2, eithembedded track
(similar to the original design) alirect fixation trackplaced on top of the bridge deaquld

be feasible, as this alternative would require a dedicated ROW for the stréddtearatively,

the existing stringers could be strengthened with cover plates and transverse beams added
between the stringers b&ldhe deck to directly support the rails.

If existing stringers were removed and replaced, rather than adding stringers or strengthening
the existing ones, the use of high performance steeld offer some weight savings that could
offset the additional wight of the track, train control equipment @@S Strengthening the
existing stringers would necessarily add significant weight to the lift span. Either solution
would potentially adversely affect the historic character of the bridge. However, betause

their location near the center of and below the deck, the new or strengthened stringers would
not be apparent to any but the most determined viewers of the bridge.

The existing hoist system has very little spare capacity, so any addition of deaultloadift

span may significantly affect thgperation of the lift spanAddeddead loadassociated with
strengthening the stringeasd adding track, train controls and an Q@&st either be limited

or offset by weight savings elsewhere in the spanndied earlier, the sidewalk widening may
reduce the total dead load somewhat, as could replacing, rather than strengthening stringers.
Given that the deck is already constructed of lightweight concrete and polyester concrete, and
that the existing lightweit concrete deck is one of the charadigfining historic features of

the bridge, replacement of the deck with a lighter deck system is not likely to be an option.

There are a couple of other concerns regarding are® system on the bridge. Lateral
balancing of the lift span, especially with the strengthening or replacement of stringers, would
be more difficult than for a single track solution. Also, because the single track alternative
would closely match the original electric railway configuratonthe bridge, it would have less
affect on the historic character, although return of streetcars to the bridge would be, in itself, a
restoration of sorts of one of the lemissing original features of the bridge. It should also be
noted that the conete pylons were originally span wire supports, and could again serve their
historic purpose.

Finally, any reintroduction of electric transit to the bridge will requixensideration of
electrical stray current. Stray current provisions néled tdoe adled to the bridge tprevent
stray current corrosion.

Clearances

Adequate vertical clearancesist on the Tower Bridge truss spans for streetcars and their
OCS. However, if tracks were placed near in the outer lanes, the vertical clearance may be less
than desirable.
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Two lanes of LRVs on the Tower Bridge would not be feasible without narrowing the
shoulders to 3 feet. Two lanes of Birney or modern streetcars would be feasible with the
existing 1tfoot lane configuration.

Operational Issues

Integral to tle decision of which lane configuration alternative to pursueraifectoperations
such as streetcand automobile/truck traffic flovand the potential congestion associated with
reducing the bridge from four to two traffic lanes (Alternative ®)e daible track alternative
requires that the track be embedded flush with the deck, while the single track alternative
allows for the possibility of deeknounting the track.

Additionally, the schedule and operation of the streetcar will have to be coordintitede
opening/closing of the lift span for boat traffi€imilarly, consideration will have to be given
to operations during construction. Strengthening or replacement of the deck stringers will
require closure of at least two lanes on the bridgepansdible complete closure to traffic.
Additionally, it may or may not be feasible to open the bridge during the strengthening
operation. Some work may be done with the bridge in the open position to axckohglriver
traffic.

Caltrans is planning agject to overhaul the electrical and mechanical systems on the lift span.
There may be value ion coordinating that project with any modifications proposed to
accommodate streetcars on the bridge.

Capitol Mall Separation ( Capitol Mall over I nterstate Rou te-5)

BridgeDescription

The Capitol Mall SeparatiofBr. No. 24 0236) was constructed in 1966 andtiw@espan
prestressed concrete box girdeucturethat carries Capitol Mall/State Route 275 (SF5)

over Interstate Route 5-%l). This structure etually consists of two independent structures
carrying the eastbound and westbound lanes of Capitol Mall and separatedinoy goint

centered on the raised mediarhe structureis approximately 225 feet long with spafrfem

west to east, respectiyeof 48feet 87feet and 90 feet. The total width of tHeckis

approximately 108 feet, including barriers, sidewalks, raised median,9fbat roadway.
Thestructures supported by concrete abutments at each end and two intermediate concrete
bents. Each concrete bent consists of two flared concrete columns founded upon concrete pile
footings and piles.

In contrast to the Tower Bridgihe Capitol Mall Separatiowas not designed fanterurban
trainsor any otherail vehicles However, beinglesigned in the 1960s, it was designed for
HS 20 loading and overload vehicles.
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Existing and Proposed Lane Configurations

Currently, thestructure, as shown Figure 10, accommodatesneeastboundwuxiliary lane
between 1 Street and anff ramp to & Streettwo eastboundhroughtraffic lanesa 10foot
raised mediartwo westboundhroughtraffic lanes,onewestboundauxiliary lane extending
from theonramp from & Streetto a right turn only lane af*Street,and four 2foot shoulders
There isalso a westbound left turn lane tdStreet that starts just before the west end of the
separation structurelThe separation structutgas sufficient widtlwithin its 90foot roadwayto
accommodate streetcaither in existing traffic lanes or in timeedian except at the
westbound left turn lane.

Figure 10 A8 Typical Section of Capitol Mall Separation showing existing lane
configuration d&wo through and one auxiliary traffic lane in each direction with median
and narrow shoulders.

According to Caltrans, there is a plan to remove the two ramps to and'fr8tme@t. If this is
done, then the two out@uxiliary) lanes on thetructure may no longer be needed, especially
if the TowerBridge is reduced to two laneBor purposes of this discussion, the auxiliary
lanes will hereafter be referred to as the outer traffic laReBowing are hreepotentiallane
configurationalternativeghat wereinvestigated:

Alternative 1 Six TrafficLanesand One Dedicated StreefCeack

This alternative would consist of placing a single dedicated streetcairtrdiekexisting

10-foot median while maintaingithe existing six lanes on the bridgEigure 11). This lane
configuration could baccommodatedith either flushmounted rail or rail on the raised
median. This configuration is incompatible with the westbound left turn lane unless the turn
lane is shortened so it is not on the structure and the track splits between the separation
structure and % Street.
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Figure 1 1 8 Typical Section of Capitol Mall Separation  showing lane configuration
Alternative 1 dtwo through and one auxiliary traffic lane in each direction and one
dedicated streetcar track, with shoulder s/bike lanes.

Alternative 2 FourTrafficLanesand TwdMixed Flow Lanes

This alternative would consist of adding double track to either the two inner or two outer lanes
to create two mixed flow lanes as showtrigure 12. This configurationwvould not require

change to the existing raised median and lane configuration, except thaedsstbound and
onewestbound lane wuld be converted into a mixed flow lane where automobiles, trucks, and
streetcarsvould all share the same lang&his alernative would require either flushounting

the track in the existing bridge deck or overlaying the bridge deck with up to 7 inches of
concrete or asphalt to raise the entire deck surface to the track elevation.

Figure 1 2 d Typical Section o f Capitol Mall Separation  showing lane configuration
Alternative 2 done through , one auxiliary and one mixed -flow traffic lane in each
direction, with median and shoulder s/bike lanes.

Alternative 3Four Traffic Lanes and Tidedicated Streetcar Tracks
This alternative would consist of adding double track in dedicated ROW replacing either the
two inner or two outer laneas showrin Figure 13.

Original Design and Proposed Loads

The Capitol Mall Separationin contrast to the Twer Bridge, was not designéat rail vehicle
loadng of any kind but was designed faix lanes oHS 20trucksasspecified on the aluilt
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Figure 1 3 d Typical Section of Capitol Mall Separa tion showing two variations of lane
configuration Alternative 2 dtwo through and one mixed -flow (on left) or dedicated
streetcar (on right)  traffic lane in each direction, with median and shoulder s/bike
lanes.

plans.In furthercontrast to th@ ower Bridge with the addition of the proposed streetcar, the

total combinedruck and streetcar load will be higher thanlthe loading for which the
structurewas originally designed. drevaluate this structure, the computer program Bridge
Design System (BDS) was run for thetaslt structure as well as each of the proposed |
configurations, including all three of the proposed streetcar vehicles (Birney, modern streetcar
and LRV) and all three possible track structural configurations (embedded flush with the
existing deck, on a raised plinth, and embedded in avidth deck overlay). While thickening

all or part of the deck slab is considered feasible to accommodate the track, adding prestressing
to increase the overall dead load or live load capacity would most likely be prohibitively
expensive, if feasible at allThecapacity assessment of tsteucturefollowedthe same

AASHTO and AREMA requirements as noted for the Tower Bridge.

Because the existing separation structure is actually two independent, parallel, symmetric
structures, and BDS is a tvadmensional frame aatysis anl design program, only half of the
structure was analyzed for this investigatidmthe asbuilt analysis, in addition to the

structure dead load, loads associated with water and sewer pipes, an existimgsphalt

wearing surface, and a pdunds per square foot (psf) future wearing surface were included.

As with the Tower Bridge analysis, other loads considered with the reintroduction of streetcars
included dead loads associated with track, train control equipment and an Overhead Catenary
System (OCS) assumed to be 350 pounds per linear foot of track.

Existing and Required Capacity

Alternative 1 Discussion of Analysis

For Alternative 1, because of concerns about differential deflections between the two
structuresthe embedded track optigftush with the existing degkvas not considered
desirableas it would result in one rail on each structure barely 2 feet from the edge of deck
Consequentlyfor this alternative, the analysis assumed the track to be placed dgo@n8de
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