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1. Introduction

Mt. Murphy Road Bridge carries Mt. Murphy Road over the South Fork of the American River, in Coloma,
California. The steel truss was constructed in 1915 and its approach spans were reconstructed in 1931 using
reinforced concrete through-girder. The existing structure is eligible for listing on the National Register of Historic
Places (NRHP), therefore rehabilitation of the existing structure needs to be considered as an alternative to
replacing the bridge.

The steel truss span over the current low flow channel is 165-feet in length and has a clear width of 10'-0"
between face of curbs. The two southern approach spans, starting from the abutment, measure 70-feet and 59-
feet, respectively, and have a clear width of 13'-4" between curbs. The northern approach consists of three 65'-6"
spans with 13'-4" between curbs.

The abutments and bents are cast-in-place reinforced concrete and part of the original 1915 construction. The
piers located in the river are founded on spread footings. Analysis of 100-year and 50-year recurrence interval
storm events indicates that scour is a significant concern for both the existing and any proposed foundations.

The bridge has a sufficiency rating of 0.0/100 and is both structurally deficient and functionally obsolete. The steel
truss is posted for reduced load capacity with 14 tons for a two axle vehicle, 21 tons for a three axle and 27 tons
for a four axle vehicle.

2. Obijective

The purpose of this project phase (Phase 1A) is to evaluate rehabilitation of the existing structure to determine if
it is a feasible alternative to carry forward. This includes determining how much of the structure needs to be
replaced or repaired to accommodate full code compliant, live load. Any fatal flaws to rehabilitating the existing
structure will be determined. Additionally, an analysis will be performed to determine whether additional
pedestrian loading can be added to both the truss span and the approach spans. Findings of the vulnerability
assessment are presented in Section 5 of this report.
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Four alternatives are proposed for rehabilitation of the existing structure as described in sections 6.1, 6.2, 6.3 and

6.4 of this report:
Case A

Case B

Case C

Case D

Evaluate rehabilitation of existing bridge to support existing dead load plus full HL-93 live
load.

Evaluate addition of 4-foot wide sidewalks on each side of the existing bridge in addition
to one lane of HL-93 live load. Case B involves replacing the existing floorbeams with
longer and deeper floorbeam sections to support the additional superstructure width
required to accommodate sidewalks on each side of the bridge.

Evaluate converting the existing bridge to a pedestrian only structure. Case C, addresses
rehabilitating the existing structure to support 90 psf pedestrian loading and constructing
a new crossing for motorized travel.

Evaluate the existing bridge for the posted live load trucks. Approximate the maximum
truck that the bridge can accept without significant changes to the existing members.
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3. Background Information

3.1 Prior Studies

The bridge has been inspected regularly with the last routine inspection occurring on 7/6/2012. An underwater
investigation was conducted on 9/11/2012 and a recent fracture-critical inspection was performed on
11/15/2011.

On September 25, 1980, the County posted the bridge for reduced live load of 14 tons for two axles, 21 tons for 3
axles and 27 tons for four axles. The posted loads are based on load rating calculations of the existing structure
performed by Caltrans and found in the bridge inspection report dated October, 1979. The conclusion was that
the truss is not sufficient for code recommended live load trucks. The truss was then load rated for legal loads,
which resulted in the posted loads controlled by the floorbeams, see Figure 1.
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Figure 1 - Structurally Deficient and Functionally obsolete: shared vehicular and pedestrian use and posted
truck loads
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A Caltrans fracture critical inspection found that the eye-bar diagonal members have visible cracks in the
turnbuckle loops at the bottom of many members. The report notes that they are approximately 1" long and
parallel to the direction of loading and appear to be related to the forging process. These members are
considered fracture critical and are recommended for in-depth investigation propagation of the cracks, see Figure
2.
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Figure 2 - Fracture critical diagonal eye-bar truss

3.2 As-Built Plans

As-built plans were obtained for reference in preliminary evaluation of the existing structure; however some
details were either missing or not legible. After the initial preliminary structural evaluation, a field investigation
was conducted on November 4, 2013 to assess as-built plan details that are not clear as well as to inspect
members suspected of having structural vulnerability per the preliminary evaluation.

3.3 Field Investigation

No in-depth field inspection was conducted as part of this work. A walk through review was conducted on
November 1, 2013 to assess the general condition of the controlling members, primarily to estimate the
estimated amount of corrosion to include in the analysis.

The truss members are in good condition overall. There is minor rusting and primer coat is exposed in many areas.
Field measurements of members accessible from the bridge deck indicate there is minimal section loss of the steel
truss members. A condition factor of 0.95 is recommended for capacity reduction of steel in "good" condition, per
the Manual for Bridge Evaluation (MBE) Table 6A.4.2.3-1. The condition factor is a reduction of the nominal
capacity to account for increased uncertainty in the resistance of deteriorated elements.

The southern and northern approach spans are in "fair" condition and a condition factor of 0.85 will be used to
reduce member capacity. Visual inspection of the bridge soffit identified longitudinal and transverse cracks visible
in the soffit. In addition, there is exposed rebar due to low concrete cover. There is very large stone aggregate
and the presence of other material (hay, pine needles and even a hack saw blade) that reflect poorly on the
quality of concrete used for the approach spans, abutments and piers.
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The deck slab is cracked and aggregate is exposed in many areas due to wear and abrasion. There is a longitudinal
crack that runs the length of the southern approach approximately 12" below the top of girder; most likely a
construction joint prior to placing the remaining upper portion of the rail girder.

3.4 Approach Spans

The approach spans were reconstructed in 1936-1937, replacing the old timber trusses with a reinforced concrete
deck and through-girder superstructure. The northern approach spans consists of three 65’ long variable depth
spans, while the southern approach consists of a 69’ and 59’ variable depth spans. The typical section consists of a
7.7" thick deck slab with through-girders that also act as traffic barriers and provide a clear road width of 13'-4".
The clear width reduces to 10'-8" at the truss span piers, see Figure3. Figure 4 shows large, stone aggregate in the
concrete.

Figure 4 - Exposed large aggregates on underside of approach spans
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3.5 Steel Truss

The main span steel truss is 162'-0" long with a concrete deck supported on rolled steel stringers on rolled steel
floorbeams. The concrete deck was added in 1931 and replaced a timber deck. Truss members consist of rolled
sections, plates and eye-bars. A more detailed description of the truss members is presented below.

The top chord members are rolled channels, laced together on the top and bottom side at the ends panels and
laced together over the three center panels.

The interior vertical members are rolled channels laced together. The verticals at each end of the truss span are
rolled steel angles connected by lacing bars.

The bottom chords are steel plates. The last two panels at each end of the truss consist of four rolled angles
connected by lacing bars.

Diagonal members at the center panel consist of one 1- 1/8" steel bar, while all other diagonals consist of two
steel plates with eye-bar turnbuckle connections at the ends. Diagonal members are essentially tension-only eye-
bars, which cannot resist cycles of compression induced by earthquake loading.

The main truss has top and bottom lateral bracing member and overhead lateral bracing trusses that run
transversely at each panel point. Several of these have been damaged by truck strikes. This lateral truss is not
specifically evaluated as part of this vulnerability assessment, but will require member replacement at the truck
strike locations and rehabilitation of many existing members, see Figure 5. Top and bottom lateral bracing
members and the overhead lateral bracing frames are single rolled angles.

PERMANENT
DEFORMATION
FROM TRUCK STRIKE

Figure 5 - Truck strike in upper lateral bracing frame (on bridge, looking straight up)

3.6 Foundations

The foundations at the abutments and piers are cast-in-place reinforced concrete structures founded on spread
footings. These foundations are scour critical due to the high velocity of the river flows and the small footprint of
the existing foundations. A Bridge Scour Plan of Action was prepared on September 9, 2010 with a report
summary stating that bridge foundation was unknown and scour potential would be evaluated when more
pertinent information regarding the foundations becomes available. A 1982 report states that the structure is
likely founded on firm strata on an outcropping of decomposed granite immediately upstream. A hydraulics
review conducted on December 19, 2005 concludes there is a slight possibility of problems. The 1982 report
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noted that the pier at the east end of the truss was scoured down to the top of the footing. The pier footing along
the northern face is exposed by up to 1.6’. The exposure decreases to approximately 6” along the west and east
faces of the pier. The pier concrete is moderately abraded throughout, see Figure 6. The proposed ultimate

EXISTING PIER AND
FOOTING

EXISTING COFFER DAM

Figure 6 - Existing Pier at South end of Truss Span, North truss span pier similar
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4. Study Approach

A three-dimensional finite element model was built to determine member demands to compare with calculated
capacity of existing structural elements and reduced by condition factors per the MBE. The approach and truss
structures are evaluated for existing dead loads plus one lane of HL-93 live load as defined in the AASHTO LRFD
Bridge Design Specifications (Case A). The bridge was also evaluated for load Cases B, C and D as described in the
Sections 6.2, 6.3 and 6.4 respectively.

Capacities of truss members were determined in accordance with the AASHTO LRFD Bridge Design Specifications,
4th Edition, with Interims through 2008. The ability of the bridge to resist current live loads was expressed as a
Demand to Capacity Ratio (DCR). DCR values less than 1.0 indicate that the members fully comply with the current
bridge design code; DCR values greater than 1.0 indicate a deficiency in the member. For the purpose of this
analysis, steel truss members are assumed to have 30 ksi yield strength per AASHTO MBE. The assumed deck slab
and approach slab concrete strength is 2.5 ksi and reinforcing steel strength is 33 ksi per MBE.

Funding from the Highway Bridge Program (HBP) would likely not be approved for rehabilitation efforts that do

not fully address functional obsolescence, therefore a detailed DCR summary is not provided for load Cases B-D.
Instead, discussion of the analysis performed and the required rehabilitation measures are presented to better

understand the effort required to preserve the existing structure.

No analysis was performed for of the abutments and piers and rehabilitation measures therefore are estimated
based on judgment and experience with past projects.
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5. Analysis of the Existing Bridge Historic Structure

The bridge has a sufficiently rating of 0.00/100 and is both structurally deficient and functionally obsolete. The
bridge superstructure has a condition rating of 5 per the latest bridge inspection report. The bridge will require
significant improvements to strengthen it sufficiently to support existing dead load and one lane of HL-93 live load
for compliance with the AASHTO Bridge Design Specifications.

The bridge is also functionally obsolete with a narrow steel truss span only providing 10'-8" of width between face
of curbs while the approach spans provide 13'-4" clear between curbs. Roadway approaches, barriers and
transitions are sub-standard and currently there is no safe passage for shared vehicular and pedestrian traffic, see
Figures 1 and 4.

5.1.1 Approach Spans

The north approach is 196’ long, consisting of three, 65’ long reinforced concrete deck slab and through-girder
superstructure, continuously supported on reinforced concrete abutments and piers. The northern approach
superstructure girders are adequate to resist dead load plus HL-93 live load flexure (DCR = 0.88) and shear
demand (DCR = 0.95) from the longitudinal analysis.

The south approach is 129’ long, consisting of 70" and 59’ simply supported spans with reinforced concrete deck
slab and through-girder superstructure supported on reinforced concrete abutments and piers. The southern
approach through-girders are deficient for positive bending at midspan with a DCR = 1.17 for the 70’ span and
1.13 for the 59’ span. Shear capacity was found to be acceptable with a max DCR = 0.95.

Transversely, the deck slab for both the northern and southern approach spans are lightly reinforced and not
adequate to support of HL-93 wheel loads. The DCR = 2.68 for the slab. This is based on a conservative transverse
strip analysis and a more refined three dimensional analysis of the deck slab would likely produce a lower DCR.
However, significant cracking in the deck slab, as noted during field investigations and as documented in bridge
inspection reports, indicates that the deck slab is showing signs of distress and will require strengthening.

51.2 Steel Truss

The steel truss was analyzed in a three dimensional model using the CSi Bridge computer program. The following
are the results of the analysis for various truss members, deck supporting members and the deck slab.

Floorbeams

Floorbeams are rolled W15x5-1/2 sections located at each panel point, see Figure 7. They are connected to the
truss vertical members and support the deck stringers. Factored Strength-l demand produces a DCR of 1.86 for
Case A.
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EXTERIOR
STRINGER

INTERIOR
STRINGER

FLOORBEAM

Figure 7 - Steel Truss Span

Stringers

Exterior stringers are rolled C12x5 and interior stringers are rolled W12x5 sections that are simply supported
between panel points, see Figure 1. By inspection, interior stringer demands will be larger for dead load plus one
lane of HL-93 live load. Factored Strength-l demand produces a DCR of 1.62.

Deck

The existing deck slab is lightly reinforced and not adequate to support HL-93 wheel loads. Factored Strength-I
demand produces a DCR of 3.78.

Truss Members

The truss consists of bottom chords, top chords, verticals and diagonal members. There are numerous truss
members that are not adequate for dead load plus one lane of HL-93 live loads and most would require
replacement or a significant strengthening retrofit. Table 1 below, shows a summary of steel truss vulnerabilities
for load cases A, C and D. Case B assumes that members will require replacement for support of pedestrian
walkways in additional to code compliant live load evaluated in Case A, therefore DCR for Case B are not reported
in the Table 1 DCR summary.
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Table 1 - Existing Steel Truss DCR Summary

Demand / Capacity (DCR)
Location Panel I.>omt Truss Member Description Ped Posted
Locations HL-93
(Case A) Loads Loads
(Case C) | (Case D)
Bottom PO-P2 & P7-
Chord P9 4 Ls 3x2.5x3/8 Laced 0.88 0.66 0.67
Bottom P2-P3 & P6-
Chord p7 2 Bars 4x1-1/16 1.26 0.99 1.01
Bottom P3-P4 & P5-
Chord P6 4 Bars 4x11/16 0.88 0.71 0.71
Bottom
Chord P4-P5 4 Bars 4x3/4 1.27 1.00 1.00
PO (Bottom)- | Diagonal top chord member at ends of the truss, 0.51 0.36 0.37
Top Chord | P1 (Top) 2-10" Cs Laced + 15x5/16 plate + 2-3x1/2 Fluts ’ ’ ’
P1-P3 & P6-
Top Chord P8 2-10"x20# Cs 1.33 0.90 0.92
Interior 3 panels, same section as diagonal top
81 . .
Top Chord | P3-P6 chord member 0.8 0.55 0.56
Vertical P1& P8 4 Ls 2.5x2.5x5/16 0.47 0.18 0.34
Vertical P2-P7 2-7"x12.25# Cs 0.70 0.42 0.51
P1-P2 & P7-
Diagonal P8 2 Bars 3x3/4 1.79 1.21 1.30
P2-P3 & P6-
Diagonal P7 2 Bars 2.5x5/8 1.94 1.16 1.39
P3-P4 & P5-
Diagonal P6 2 Bars 2x1/2 2.07 0.58 0.93
P3-P4 & P5-
Diagonal P6 1-1" square bar NA NA NA
Diagonal P4-P5 1-1.125" square bar (both diagonals in this panel) NA NA NA
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51.3 Foundations

No analysis was performed for the foundation as a part of the phase. Visual inspection and reference to bridge
inspection reports indicate that the foundations are vulnerable to scour at the piers supporting the truss span
over the river. A 1982 bridge inspection report noted that the pier at the east end of the truss was scoured down
to the top of footing. The pier footing along the northern face exposed approximately 1.6’. The exposure
decreases to approximately 6" along the west and east faces of the pier. Pier concrete is moderately abraded
throughout.

Per review of the as-built plans, the foundations are lightly reinforced resulting in seismic vulnerabilities.
Transverse confinement reinforcing bars are spaced at 24" along the length of the pier columns, which is not
adequate for ductility capacity requirements in the current Caltrans Seismic Design Criteria. Column longitudinal
reinforcing is not sufficiently developed into the pier cap or footing connections resulting in connection
vulnerability to resist tension loads from transverse overturning analysis. The piers are also vulnerable to
overturning since there are no piles below the footings to take tension forces and the footings are relatively
shallow.
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6 Rehabilitation Recommendations

6.1 Case A - Rehabilitation of the Existing Bridge for
AASHTO HL-93 Live Load

The existing Mt. Murphy Road Bridge is eligible for listing on the National Register of Historic Places and while it is
not yet known if it is actually historic, rehabilitation of the existing structure needs to be considered. The first
rehabilitation assessment evaluates measures required to strengthen the existing structure to support dead load
and one lane of HL-93 live load per AASHTO Bridge Design Specifications. The following sections provide
recommendations for rehabilitation of the as-built structure based on the results of the vulnerability assessment
presented in Section 5.

6.1.1 Approach Spans

The vulnerability assessment presented in Section 5 indicates that the northern approach span girders are
adequate to resist existing dead load plus one lane of HL-93 live load, and therefore no strengthening retrofit is
required. Transversely, the thin deck slab is lightly reinforced and not adequate for support HL-93 wheel loads.
Strengthening retrofit of the existing deck slab on top and bottom or replacement of the deck slab will be
required. To avoid full replacement of the deck slab, strengthening could likely be accomplished by using carbon
fiber planks transversely along the length of the deck slab. A polyester concrete application on the top surface of
the deck will be required, after placement of the carbon fiber planks, to smooth out the surface without
significantly changing the deck thickness. The polyester concrete will also serve to seal the deck from future
water infiltration through the existing cracks.

The southern approach spans are simply supported and the bottom face of the through-girders in each span is
showing signs of transverse cracking. Analysis indicates that the girders are overstressed for Case A loading and
strengthening would be required with carbon fiber plank type retrofit along the bottom surface of the through-
girders to increase flexural capacity. The deck slab would be strengthened similar to the northern approach spans.

6.1.2 Steel Truss

The main span steel truss has many structural issues and would need either replacement or strengthening of
nearly all the members to resist existing dead load plus HL-93 live load.

The interior stringers and floorbeams are overstressed and require replacement with heavier sections.

Since replacement of the stringers and floorbeams is required below the deck, the concrete deck would likely be
replaced with a light-weight concrete deck to reduce to the dead load applied to the truss.

Bottom chord members between Panels 2-7 require replacement with larger sections. The bottom chord at the
interior panels consists of multiple plates connected by pins. These pins will require inspection to evaluate their
condition.

Top chord members between Panels 2-6 are overstressed for compression loading and will require replacement.
Upper lateral bracing has a truck strikes at every panel point along the truss and requires complete replacement.

Diagonal truss members are overstressed and require replacement due to fatigue cracks in the turnbuckles at the
ends of the eye-bar members. In addition, the eye-bar diagonal members would also be replaced because they
are essentially tension-only eye-bars, which cannot resist compression induced by earthquake loading.
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Connections need to be designed for the ultimate capacity of the members framing into them, and they will
require strengthening with new gusset plates and additional bolts at all locations that members are strengthened.

Expansion joints at the abutments and piers are in poor condition and should be replaced along with the
floorbeams, stringers and deck.

Bridge bearings and pins connecting truss members will be inspected and may require replacement depending on
condition observed during retrofit construction.

Sandblasting and painting of the remaining portions of the truss will be required. Due to the age of the structure,
lead paint is likely to be encountered which may require full tenting of the structure during the retrofit and
painting operations. There is also extensive mercury contamination in the area, which may have to be mitigated
during retrofit construction work on any of the piers.

6.1.3 Foundations

The existing abutments and piers will be protected in place during retrofit construction. Existing pier footings
located within the river flood limits have a small footprint and are considered scour critical. A pier underpinning
retrofit consisting of additional footing concrete and piling will be constructed to mitigate scour and seismic
vulnerabilities. Scour protection will also be recommended for protection of the retrofitted pier footings. The pier
columns will require seismic retrofit to address inadequate transverse confinement reinforcing bars, which results
in poor ductility capacity to resist seismic movements. The pier column connection to the superstructure and
footing is vulnerable to tension loads from seismic overturning due to inadequate development of longitudinal
column bars. Likewise the reinforcing bars also lack flexural capacity needed to sustain the lateral earthquake
loads. It would be extremely costly and difficult to perform these retrofits and maintain the historic shape and
proportions of the existing piers since the footings would have to be enlarged and the columns enlarged with
steel casings or added concrete and bar reinforcing.

6.1.4 Cost Estimate

The estimate for Case A of $6,500,000 is based on the preliminary quantities required to fix the structural
deficiencies identified in Section 5 and the rehabilitation/retrofit recommendations listed in Section 6.1. See
Appendix Section A.1 for the complete Case A planning level cost estimate. Note that at this early stage of the
project, for comparison purposes, the estimates include only high level bridge and roadway costs. Costs for the
environmental document preparation, right of way acquisition, and engineering and construction management
are not included and would increase the total project cost.
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6.2 Case B - Rehabilitation of the Existing Bridge for
Support of Pedestrian Sidewalks and HL-93
Live Load

The Case B concept involves retrofit and widening of the existing bridge to support four foot wide pedestrian
sidewalks on each side plus strengthening to accept full HL-93 live load. Four foot wide sidewalks are the
minimum allowed by AASHTO.

6.2.1 Approach Spans

In addition to the retrofit work required to widening the existing structure, the retrofit recommendations
summarized in Section 6.1.1 are still required.

To accommodate the additional width of pedestrian walkways, the existing approach span superstructure would
be widened using a prestressed concrete U-girder superstructure constructed on widened abutments and piers.
The U-girder superstructure was selected to be similar to the existing approach spans and blend with historic
features of the approach spans. U-girder and deck slab superstructures typically have a depth-to-span ratio of
0.06, per Caltrans Bridge Design Aids, and provides an economical bridge type for the existing approach span
depth and lengths.

6.2.2 Steel Truss

The truss floorbeams would be replaced with longer, heavier sections to accommodate additional superstructure
width needed for support of adjacent pedestrian walkways. Section 5 of this report identified numerous truss
members that are structurally deficient and require replacement to resist dead load plus HL-93 live load. By
inspection of the truss vulnerabilities indentified in Section 5, adding longer and heavier floorbeam sections for
support of pedestrian walkways would further increase demand on the existing truss resulting in additional
members requiring replacement or retrofit strengthening. Most of the truss members will require replacement
resulting in significant loss of historic nature of the bridge.

6.2.3 Foundations

Retrofit of the existing pier foundations would be similar to Section 6.1.3, in addition to widening the existing
piers and footings to support the increased superstructure width. Widening of the abutments will require
construction of new approach retaining walls and granular backfill.

6.2.4 Cost Estimate

The estimate for Case B of $14,200,000 is based on the preliminary quantities and retrofit construction required
to fix the structural deficiencies identified in Section 5, in addition to bridge widening to accommodate parallel
pedestrian walkways. See Appendix Section A.2 for the complete planning level cost estimate. Note that at this
early stage of the project, for comparison purposes, the estimates include only high level bridge and roadway
costs. Costs for the environmental document preparation, right of way acquisition, engineering and construction
management are not included and would increase the total project cost.
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6.3 Case C - Rehabilitation of Existing Bridge for
Pedestrian Use and Construct New Bridge

Case Cinvolves rehabilitation of the existing bridge to support full width pedestrian loading and constructing a
new bridge for vehicular loading. It is assumed that no vehicles would be allowed on the pedestrian structure
except a light-weight maintenance vehicle.

6.3.1 Approach Spans

The northern and southern approach span deck slab and through-girders are adequate to resist flexure and shear
demands from dead load plus 90 psf pedestrian loading over the full 13'-4" width between curbs. No retrofit
required.

6.3.2 Steel Truss

The diagonals between Panels P1-P2 / P7-P8 and P2-P3 / P6-P7 are overstressed for dead load plus 90 psf
pedestrian loading over the full 10’ width between existing curbs, with a max DCR = 1.21. However, all diagonal
members are considered fracture critical and would be replaced. The remaining truss members, floorbeams,
stringer and concrete deck are adequate for existing dead load plus pedestrian loading and do not require retrofit.

Bridge bearings and pins connecting truss members would be inspected and may require replacement depending
on the condition observed. Overhead lateral bracing frame members damaged by truck strikes would be replaced.

6.3.3 Foundations

Retrofit and repair of the existing abutment and piers will be similar to Section 6.1.3 to address scour, seismic and
detailing issues.

6.3.4 Cost Estimates

Case C has two estimates. One estimate to rehabilitate the existing bridge as a pedestrian only bridge of
$1,700,000 and one to provide a completely new vehicular and pedestrian bridge of $15,300,000. The reason for
providing separate estimates is because the Highway Bridge Program will not pay for the rehabilitation of the old
bridge as a pedestrian only structure but they will pay for a new vehicular bridge that makes accommodations for
pedestrians. See Appendix Sections A.3 and A.4 for the complete planning level cost estimates. Note that at this
early stage of the project, for comparison purposes, the estimates include only high level bridge and roadway
costs. Costs for the environmental document preparation, right of way acquisition, engineering and construction
management are not included and would increase the total project cost.
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6.4 Case D - Evaluate Existing Bridge for Posted Vehicular
Loads

Case D involves evaluating the existing bridge for vulnerabilities to support current posted live loads.

6.4.1 Approach Spans

The truss span is currently posted for reduced vehicular loading; however the approach spans are not. The
approach spans were not load rated during in this vulnerability analysis and will need to be evaluated if the
structure is not rehabilitated.

6.4.2 Steel Truss

The truss was evaluated for posted truck loads as defined by the sign posted on the approaches to the bridge. The
latest bridge inspection report contains load rating calculations for support of the posted live loads used for this
evaluation. Analysis of the existing structure for the current posted truck loads indicates that the diagonal
members are overstressed with a max DCR = 1.21 for the 27 ton, 4 axle truck and DCR = 1.16 for 21-ton, 3 axle
truck. This is based on a condition factor reduction of section capacity of 0.85 and an assumed 5% section loss for
corrosion. Structural steel strength of 33 ksi per the MBE was used, however it should be noted that the load
rating calculations performed by Caltrans and documented in the latest bridge inspection report use 40 ksi steel
strength which results in structural capacity that is adequate for the current posted loads. Load rating calculations
performed in 1980 used the Load Factor Design (LFD), whereas load rating using the slightly heavier truck
associated with the current Load and Resistance Factor Design (LRFD) would result in more restrictive load
posting. Testing of structural steel is required determine the actual steel strength to use for analysis of the current
posted loads and evaluate the reduced truck load the bridge can safely support without retrofit.

6.4.3 Posting Recommendations

Analysis of the posted loads shows that the diagonal members from Panel 1 - Pane 4 of the steel truss are
overstressed approximately 15-20 percent. Replacement of these diagonal members is recommended to maintain
the current load posting. If the diagonal members are not replaced then the bridge should be reposted with a
lower truck weight of 20 tons for a three axle truck. Alternately, further evaluation could be performed after
material testing is performed to determine the actual strength of the steel used for the truss.

6.4.4 Cost Estimate

There is no cost estimate for analysis Case D. Retrofitting the bridge for lower than full live load would not be
fundable by the Highway Bridge Program and so is not worth considering. Since the number of members needing
replacement would be smaller than Case A, the cost would be less than Case A, but would still be substantial since
retrofitting for seismic and for scour would still be recommended.
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7 Discussion and Conclusions

These recommendations address structural deficiencies identified from loading associated with analysis Cases A -
D. The following is a summary of the report findings and recommendations for the existing Mt. Murphy Road

Bridge.

7.1 Historic Issues

The original Mt. Murphy Road Bridge was constructed in 1915 consisting of timber approach spans and a riveted,
steel truss. The timber approach spans were replaced in 1931 with reinforced concrete through-girder and deck
slab superstructure. Today, only the steel truss span over the South Fork of the American River and its concrete
piers remain from the original construction and is eligible for listing on the Nation Register of Historic Places.

The Grange is an existing structure on the National Register of Historic Places and located along Highway 49 in the
Gold Discovery State Park. The structure is and cannot be relocated, however the Grange have indicated that

there could be some flexibility in right-of-way encroachment to accommodate the project with the preference for
a replacement bridge capable of accommodating pedestrians.

7.2 Functional Obsolete (FO) and Structural Deficient (SD)

The following is a summary of structural deficiencies and functional obsolete issues for each analysis case

evaluated.

Table 2 - Rehabilitation Summary

Analysis | Description of Estimate Pros & Cons Design Exceptions Required
Case Rehabilitation

Alternative
Case A Rehabilitate existing | $6,500,000 Pros: 1) Sub-standard approach

structure to support
1-lane of HL-93 live
load.

(SD Estimate)

1) Keeps the charm of a one
lane bridge

2) Load postings removed.
Cons:

1) Rehabilitation cost likely will
not be approved for HBP
funding, requires significant
County funds

2) Bridge closed during retrofit
construction or expensive
temporary bridge required

3) Long-term maintenance cost
will be substantial compared to
a new bridge

4) Approximately $700/SF of
existing bridge deck

5) Bridge still subject to delays
due to one way traffic.

roadway and bridge widths

2) No safe passage for
pedestrians

3) Sub-standard vertical
clearance

4) Metal railing on truss
would likely need to be
designed for lower crash
level due to width
limitations.
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6) Loses all historical value since
a majority of the truss needs to
be replaced.

Case B Construct pedestrian | $14,200,000 Pros: 1) Sub-standard bridge
walkways adjacent (SD+FO 1) Preserves charm of a one width, single lane with no
to existing bridge. . . shoulders

. o= Estimate) lane bridge
Rehabilitate existing . 2) Sub-standard vertical
structure to support 2) Provides safer passage for
1-lane of HL-93 live pedestrian traffic. clearance
load and the 3) Load postings removed 3) Metal railing on truss
adjacent walkways would likely need to be
attached to the Cons: designed for lower crash
existing structure. 1) HBP funding requires design I.th.eI d.ue to width
exceptions and is not limitations.
guaranteed.
2) Bridge closed during retrofit
construction or expensive
temporary bridge required
3) Approximately $1,550/SF of
existing bridge deck
4) Loses all historical value since
a majority of the truss needs to
be replaced.
5) Long-term maintenance cost
will be substantial compared to
a new bridge

Case C Rehabilitate existing | $1,700,000 Pros:

structure for support | for

of pedestrian
loading only and
light maintenance
vehicle. Bridge
replacement to be
constructed on new
alignment.

Rehabilitation
asa
pedestrian
bridge and
$15,300,000
fora
replacement
bridge

1) Preserve existing historic
structure for other uses

2) Provide safe passage for
pedestrians and two way
vehicular traffic

3) Lower maintenance and
inspection costs compared to
the rehabilitation options

4) Approximately $555/SF for
new 45’-6” wide bridge deck is
lowest cost of all alternatives

Cons:

1) Cost for rehabilitation of
existing bridge not supported by
the HBP

2) Requires more right of way
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than other alternatives

7.3 Highway Bridge Program Funding

Replacement or rehabilitation of the existing bridge will be funded through the HBP. Caltrans has indicated that
the HBP will not approve funding for rehabilitation of bridge structural deficiencies unless all the functional
obsolescence issues are addressed. Since Mt Murphy Road Bridge is eligible for the National Register of Historic
Places, according to FHWA criteria, a vulnerability assessment of the existing structure and preliminary
rehabilitation cost estimates were developed to assess the feasibility of rehabilitation versus bridge replacement.

7.4 Recommendation

Comparison of cost estimates to rehabilitate the existing Mt. Murphy Road Bridge structure indicates that
rehabilitation for full truck loadings is feasible. However, the $6,500,000 cost to rehabilitate only the structural
deficiencies of the existing bridge would have to be borne entirely by the County without any Federal
participation. Widening the existing bridge for pedestrians for $14,200,000 is also feasible but is very expensive
and requires several difficult design exceptions. HBP funding for widening the existing bridge is also not certain
and the County may have to pay all or part of the widening costs. Neither option would preserve the bridge as
historic if it were actually listed as historic. Looking at the $554 cost per square foot of bridge deck for the
replacement shows that replacement is three times as efficient as retrofitting and widening the old bridge.
Therefore, it is recommended that the existing Mt. Murphy Bridge be replaced with a new structure to be
determined in Phase 1B of this study process.
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Appendix A - Cost Estimates

A.1 Rehabilitation of Existing Structure plus
One Lane of HL-93 Live Load (SD Estimate)

[ ] cEMERAL PLANESTIMATE [ X | ADVANCE PLANNING ESTIMATE
ECVD BY: INEST:
0T EST-
BRIDGE: Mt Murphy Road Bridgs (Retrodit for SI1) BE_No.- TIC-D004 DISTRICT:
TYEE: RIE: Wt Murphy Rosd
[5H Co: El Dorado
FEA:- FAI-
LENGTH (FT): 45900 WIDTH(FT: 142 & 1867 ~ ARFA (SFF 8,400
DESEGHN SECTION:
#0F STRUCTURES I PROJECT - (i EST.NO. 1
PEICESEY : Harg Lamen COST INDEX: 2012
PRICES CHECEFD BY - Hare S¥andgaan 12/152013
QUANTITIES BY: Hare Laren 13152013
| CONTRACT ITEMS TVIE UNIT PRICE AMOUNT
1 |RFMOVE CONCRETE (CY) Y $300.00 51350000
] A RF CONCRETE BRIDGE DECE SURFACE SF .23 $1.512.30
3 AD COMPLIANCE PLAN L5 $3,000.00 $3,000.00
[ ETB.UCTUEI FACAVATION [BRIDGE) CY T50.00 15,350.00
5 |STRUCTURE EXCAVATION (TYFE A) Y 53 £150.00 18, 25000
§ [ 3 160,00 £350.00
7 LF 320 130000 R0, 000 00
oY 0 300 00 $6,000.00
23 B0] 60000 |  545,00000
Y 200 £700.00 $141 400.00
] 1 T750.00 $31,000.00
LF 1218 RI000 | S36,570.00 |
or LOI0 T50.00 $50,500.00
LF & 13500 12 575.00
LB 4,107 313 396, 160.50
16 NISH STRUCTURAL STEEL (BRIDGE) 1B 95,000 00 $350,000.00
17 T STRUCTURAL S1EEL [BRIDGE) 15 75,000 116,00 T1,520,000.00
1B |CLEAN AND PAINT STRUCTURAL STEEL (EXISTING BRIDGE) LS 1 $40,000.00 S40,000.00
19 |cUsTOM METAL RATLING LF 330 00.00 £137.000.00
0 %PLL‘TK RETROFIT 5F 8050 130,00 Y181, 500.00
21 RARY BRIDGE ] 1] S1.000,000.00 S1,000,000.00
11 |ROADWAY APPROACH CONSTRIFCTION (WALLS +FILL) LE 1 L0, 00000 550,000 00
13 556375
$386,638
ROUTING BATL, 357
T Taals 14, TE3.573
2. OFFICE OF BESKIE [5IH - MOETI 51,151 393
2 OFCE OF TR TR - CRMTRAL 535,008 968
A CFFICE OF DRI THESICTN - ST £T0318
3 CNTICE OF NI [HOTN - WIS BREIDGE REMOVAL (CONTINGENCIES INCL. )
B OFFICE OF BEDKE (s STy CALIPORKLAL APSTHETIC INPROVERFENTS (&10%) ﬁm.&
(GEAMD TOTAL 56,497 663
COMMENTS: 1) Comstruct infill walls at approach span piers BUDGET ESTIMATE A5 OF 56,500, 10T

) Etmogthen pier cal all piars

3} Ratrofit footings, all piery

4] Fibar plank metrofit bothom of throngh-girdan on sowtharn spprosch spans
5) Fibar plank redrafit top and bottens of deck slab, all approach spans

£ Asszma temporary brides rontl for 1y
T) Assmme tumponary sepports meeded dnring meplescoment of tress membars,

steal erection wmit cost increassd
B) Assmma ep sum cost for constmaction of Est. Walls, milings and placenvent
‘o backfill far readway approaci
Escalated Budzet Estimate to Midpoint of Construction *
Escalation Kate par Year 0%
¥oars Boyond | Escalased Foars Bayomd Escaluted
* Escalaied budgst estimais is provided for infremeation cefy, achnl comsmction costs Midpoint Bndpat Fst Midpoins Bndgst Fx.
mlmwwmmﬁﬂmwmm 1 £5,825.000 F 7 800 000
updabe coct ctimaios ancmlly. T T I | 1 b5 I
! TII |
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A.2

Rehabilitation of Existing Structure and Construction of

Adjacent Pedestrian Walkways (SD + FO Estimate)

[ ceveRAar PrAMESTIMATE

[E ] ADVANCE PLANNING ESTIMATE

RCVD BY: I8N EST:
OUT F5T:
EEIDGE: M Murphy Eoad Bridgs (Betod: f2 530 + FO) BE. No.: 2500004 DISTEICT:
TVEE: RIE: it Murphy Reosd
CO: Co: Fl1 Dorado
EA: PAI-
LENGTH (FT}: 45500 WIDTH(FT} 1421/18.87 =~ AREA(SFE B4
DESIGN SECTION:
#0F STRUCTURES I PROJECT - Di FST.NO. 1
PRICES BY - Hans Larsen COST DNDEX: 2012
PRICES CHECKED BY - Hars Standgaam DATE: 13182003
QUARIITIES BY- Hane Larsen DATE: 12152013
| CONTRACT TTEMS TVPE THIT QUARIITY PRICE AMOUNT
1 CORCRETE CY 43 1300.00 513, 500.00
2 %ﬂr COMCRETE BRIDGE DFCE SURFACE SF 030 ] $1,312.50
L% 1 %5,000.00 %3,000.00
53 160 130,00 $E,000.00
Y 3 $130.00 £17.730.00
oY ] 150,00 150000
LF Tl | [0000 | 5276,000.00 |
Y ET) 0000 $5,000.00
9 |STRUCTURAL COMCEETE. BRIDGE FOOTDIG Y 131 $500.00 579,300.00
10 |STRUCTURAL COB BRIDGE cY 330 70000 $231 000,00
11 |STRUCTURAL CONCRETE, LIGHTW EIGET CY ] $730.00 536,000.00
= AND BOND DOWEL IF 1140 130.00 £34,200.00
13 |FURCUSH POLYESTER CONCBEIE OVERLAY o 1,010 150.00 $80,500.00
LF 152 535.00 $6,720.00
15 6,160 1050 144, 40,00 |
LB TI1,682 T SE8G, FZE00
] T2 6B T16.00 13, 346,512.00
LS i T 540, 000.00
LF i3 $400.00 $301,700.00
1] PLANE RETROFIT 5F E050 530,00 $181, 50000
11 P5 COMCRETE SLAB (SPAN = 58 TO 707 5F &030 120000 T1.210,00000
=] RARY BRIDGE = LS 1| %1.000.000.00 £1 00000000
] DADWAY APPROACH COMSTRUCTION (WALLS + FILL) 1% T] 5250,000.00 $250,000.00
EUBTOTAL %8, +H,563
|ma:|~: RELATED OVERHEAD T+ 86
ROUTING |MOoBLIZATION (& 10%) 51,032,150
1 tem maeTION |sun'rcrm.t. BRIDGE ITEMS $10,321 409
2 CFFCH OF TR [HOSCR - MKHETIR CONTINGENCIES — {ﬁ 11-'-5-} 52380375
A OFFICE OF BISEE DN - CENTRAL BEMGE TOTAL COST 12 001 B73
& (WTICE OF ISR HOSTH - SO0 ICDSTPE 5. FOOT 1133588
5 NI OF DO [ORCR - T BRIDGE REMOVAL (CONTINGEFNCIES INCL.}
B ITICE OF TR DT SO RN CALIFORKTA AFSTHETIC IMPROVEMENTS i?!{l‘ﬁ’j 51,290, 187
|Gﬁ..l\.ND TOTAL 314,192,061
COMMENTS: 1) Comstmct infill walls at approach span pisr |EUDGET ESTIMATE A5 OF $14.700.000

r ) all

é&lﬁ'ﬂ‘ﬂﬁﬂﬁ.ﬁ!‘l, all piars

) Fiber plank retrafit bottom of threegh-girden on sowtharn approach spams

5} Fiber plank mirofit top and bottom of deck slab, all apg

h spans

6} Assume temporary bridee mntal for 2 v

T) Assuma tamporary sepports meded doving eplscomant of tmss membars,

?:IMmhmpmmtﬁrme\fhElh slings mmd plaosmeet
of backfill for roadway spproachs:
) i ROW and Fnginesring costs mot inchded

* Escalaind budget ostizeis is provided for infometion ooy, actud comtmction oosts
mary vary. Escalsted budget sstimates provided do not replce Departmantal policy fo
updats cost sctimam: ammaliy.

Escalated Budzet Estimate to Midpoint of Comstruction =

Escalation Eate par Year il
Toars Boyond | Escalsted Foars Bayomd Escaluted
Mhidpoint Budget Eit Mlidpoint Budgst Ex.
1 514050000 4 217,251
y TSR0 | 7 AT TEE ]
| PALESER GO
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A.3 Retrofit for Conversion to Pedestrian Bridge
(Case C Estimate)

] cEMERAL PLANESTIMATE [ ] ADVANCE PLANNING ESTIMATE
RCVD BY: INEST
OTT EST:
BEIDMGE: Mt Miurphy Hoad Bridgs (Ratrofit for Podsvirian Uzs) BE Fo.- T5C-0004 DISTRICT:
TYPE- RIE: it Murply Road
CT: o ElDorado
EA- Phi-
LENGIH (FT): 4900  WIDTH{FT: 1415& 1867 AREA (SFE 5400
DESEGN SECTION:
& 0F STRUCTURES IN PROJECT - 01 EST. NO. 1
FRICESBY : Hars Larssn COST INDEX: 2012
PRICES CHECEFD BY - Hars Srandgaan DATE: 1182013
QUANIIIIES BY: Hans Laren DATE: TL1E2013
I CONTRACT ITEMS TYFE INIT QUANTITY PRICE AROTINT
AD COMPLIANCE PLAN LS 1 135,000.00 5. 000.00
STRUCTURE FEXCAVATION GE}) cY 107 $50.00 15.350.00
CY 35 000 %8,250.00
oY E T50.00 $350.00 |
LF 320 1300.00 $96,000.00
cY n 1300.00 $6,000.00
Ty [ TE00 00 T48,000 00
CY 0 700,00 141, #0000
LF 1219 £30.00 £36,570.00
LF B3} £35.00 1297500
LE &,107 5150 556, 160.30
12 NIEH STRUCTUR AL STEEL (BRIDGE) LB 20,000 £4.00 $80,000.00
13 [ERECT STRIFCTURAL STEEL {BREME) LB 10,000 S16.00 B30, 0000
14 CLEAN AND PAINT STRUCTURAL STEFL (FETSTING BRIDGH) LS 1 240.000.00 $H0,000.00
13 CUSTOM MFETAL EATLING LF 330 $400.00 1132,000.00
51,008 066
L1001 807
REOUTING Sl 430
1 M SECTHN lljﬁ.ﬁ
2. OFFICE OF BISEEI DN - MO 23076
A CFTICE OF IR (ST - CENTRAL 51555378
& O W TS (HO - R BIE516
4 CWPICT: CF BISEXIE THEIH - WEST
B CNTICE OF BRSO DESSCTH SR CALIPORKLA ILSS.H
GRAND TOTAL 51710816
comMmMEnTs: 1) Constroct mfll wafs at 3 BUDCET ESTRMATE AS OF il.'.‘ﬂ;lﬂ_'ﬂ'

2] Smeagthan pier columms, afl piars

3) Estrofit footings, all pian

4} Asveme temporary pereorn seded domss repl f of trews hars,
3) Envizemmantal, BOW and engizcaring costs not incheded

Escalated Budget Estimate to Midpoint of Constroction *

Escalnizon Rate par Yer il
Wears Boyomd |  Escalased Wears Bayomd Escalassd
* anmnmh_mm; achml comsction oosts Midpoint Budpet Bst Melidpodmt Budgat Fxt.
Y TATY. mwwmmmmmwmm 1 L1L785000 4 120
update cost extimates ammiky. T L1,874.000 E] £2,1 60,000
3 TLIEL T |

13-0217 4B 24 of 26



A4

] ceEvERAL PLANESTIMATE

Bridge Replacement (Case C Estimate)

[[EX ] ADVANCE PLANNING ESTIMATE

ECYVD BY: INEST:
OUT EST:
E: Mt Murphy Eoad Bridgs (Bridss Replacament) BE.Nao.- 25C-0004 DISTRICT:
TYFE: EIE: it Muphy Road
: <o El Dorado
EA- E
LENGIH (FI): 5%  WIDTHFTE 4550 ARES (5F) 15,005
DESHY SECTION:
#0F STRUCTURES IN PROJECT - o1 EST. MO, 1
FRICESHY : Hans Larsen COSTINDEX: 2012
FRICES CHECEFD BY - Hans S¥andgaanm DATE: 1X1£72003
QUANTITIES BY- Hans Lansen DATE: 13152003
PRICE AMOUNT
$180.00 £2457.000.00
450 .00 15,118, 750.040
$1,000,000.00 $1,000,000.00
T500.000.00 E500,000.00
30,075,730
$007,373
L1105, 236 |
1 N ST :11.m.ﬁ
2. OFFICE OF DEEKIE [H5IH - MOETI 12,773, 146
L OFTICE OF BRI TSN - CENTRAL T13.855 720
& OFFICE OF DEKE IS0 - SOUTE 135508
4 (FPICE OF RIS NS - WEST BEIDGE REMOVAL (CONTINGEMCIES INCL.)}
B OFFICE OF BSTEI (SN ST CALIFDRKLA |Amm£mmrﬂm¢n f@!ﬂ‘j 51385573
GRAND TOTAL $15.252 302
COMMENTS: 1) Bridps width = 6 794+ T+ IH56.7F BUDGET ESTIMATE AS OF 15,380,000
2} Ascomes mplscamant on exmting Mt Morphy Rosd alig
3) Avurags par squars fioot cost of Bulb-T and Tied Arch= S300/5F
4 i RO and engimcaring costs not inchudad
Escalated Budgzet Estimate to Midpoint of Construction =
Encalation Eate par Year il
Yoars Bayond | Escalated Foars Bayomd Escaluted
* Parallated bndget ootines js procided for ndmetion aeby, achel comtmction coty i Bt idpa Eat.
e s R R ——
it it st by 1 SIS 00 3 210,377,000
3 AL
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