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INTRODUCTION 
The City of Mill City has contracted with the Ausland Group to provide a complete inspection and load rating report for the Mill 
City Pedestrian Bridge.  The structure was built to carry a rail line over the North Santiam River at what is now Lyons-Mill City 
Drive.  The rails previously ran west to east from Linn County over the North Santiam River to Marion County.  The main span is 
a 120-foot long wrought iron Pratt truss that was manufactured circa 1888.  It was moved to its present location and re-
constructed in 1919 with heavy timber approach spans at both ends.  The 7-span west approach is 140 feet long while the 4-
span east approach is 58 feet long.  From end to end the bridge has 12 spans with a total length of 318 feet.  The railroad spur 
line that the bridge carried delivered logs to mills and lumber to markets in the Willamette Valley.  The economic mainstay of Mill 
City, the Santiam Lumbering Co., later known as the A.B. Hammond Mill, adjacent and upstream from the structure, relied 
entirely on the rail line for movement of product. The community of Mill City also relied heavily on the train service before all-
weather roads were constructed. 

After 1967 the tracks were removed and the bridge was reconfigured for pedestrian use.  Rails and ties were removed from the 
grade and a paved surface was installed leading to each approach.  Ties on the bridge were covered with replaceable deck 
planks, and bridge rail was installed. The inspection described below was completed in November 2014. 
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BRIEF HISTORY 
Wrought iron is not an alloy like steel but rather a two-component metal consisting of high purity iron with uniformly distributed 
fibers of iron silicate slag in physical association.  It has superior resistance to corrosion and fatigue compared to mild steel and it 
remained the preferred structural metal until the 1940’s when significant advances were made in the production of steel.  The 
truss was originally 180 foot long and erected near San Jose California.  Subsequently the truss components were 
disassembled, moved and re-assembled in Lake Oswego Oregon where it stood until 1918.  In 1919 it was moved to Mill City but 
only 120 feet of the original truss was used.  The vertical members at the first and last panel points, L1U1 and L5U5, are different 
from all the others. Each is a riveted lattice member fabricated from 2 - 15” wide channels riveted together with flat bars.  The 
channels are stamped “Illinois USA - S” and exhibit minor corrosion.  These elements may be steel rather than wrought iron but 
they are most likely part of the original structure.  The first and last verticals in this type of truss are tension members whereas all 
the other verticals are compression members, and the built-up channel configuration facilitates connections well-suited for the 
loads they carry.  

With the exception of L1U1 and L5U5 described above all of the other vertical members in the truss as well as the upper chord, 
end diagonals and overhead laterals are wrought iron and have a cross section known as Phoenix Column.  ”Phoenix Columns”, 
manufactured by the Phoenix Iron Co. in Pennsylvania, were built from arc-shaped, flanged segments that were riveted together 
to form hollow pipes with radial flanges.  These columns were inserted into castings that connected the compression members.  
The lower truss chord and most of the truss diagonals, which are tension members, are rolled wrought iron flat bars with a forged 
eye at each end held together with the heavy machined pins. The eye bars have forged circular openings at each end that were 
machined to fit the pins precisely. 

The ends of the lower chords and end diagonals are held together by massive iron castings that also serve to support the span 
on its foundation.  At the east end, Bent 9, the truss is supported on roller pads that allow confined expansion and contraction.  
The west end is pinned to allow rotation at the connection but no horizontal movement.  These bearings are supported by 
massive concrete piers that appear to be founded on rock. 

This method of construction allowed the truss to be built out from each pier by swinging each member outward after pinning the 
nearest end and lowering or raising the extended end into position for the next panel.  Very little heavy equipment would have 
been available in 1919 but horse and manpower aided by block and tackle rigging would have been sufficient using this method. 
The hollow Phoenix columns are light, strong and structurally efficient.  The castings, pins, eye bars and columns were stamped 
with match-marks to aid in reassembly. 

The approach spans are typical heavy timber railroad trestle construction with later modifications that added longer deck ties to 
accommodate a wider deck and a pedestrian handrail. 

The concrete footings were poured directly on the basalt river bank, and the cast-in-place piers at the ends of the truss show a 
high level of craftsmanship.  The concrete surfaces are true and forms were held straight. 

The City of Mill City acquired ownership of the structure from the State of Oregon, performed upgrades to the railing and had the 
structure painted black by contract.  Later a 14” ductile iron waterline was hung under the left, downstream, side of the approach 
spans and supported on the floor beams and deck framing within the truss.  See Photo 1.  A continuous bench encloses the 
pipe across the truss.  A lightweight metal safety rail was then added to increase the height of protection for anyone who might 
stand on the bench. 

Street lighting has been added to the truss span and some holiday lights have been strung across the bridge.  None of the 
lighting appears to be functional at this time.  
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SUMMARY OF BRIDGE INVESTIGATION 
The structure was inspected on three separate days, November 12th, 17th and 18th, 2014, after an engineered safety cable was 
pulled into place and secured.  The foundation and timber supports were inspected on day one using ladders and climbing the 
various members.  Soundness was surveyed using a medium weight geology pick to detect decayed or soft areas prone to 
decay.  All members are high quality Douglas fir, and date nails found in the sills indicate that at least some were installed in 
1928.  The railroads routinely placed nails in vulnerable support timbers and railroad ties to indicate the year installed for record 
keeping.  Several of these nails were found.  They look like heavy shingle fasteners with a distinct “28” in the head.  The original 
structure was likely constructed with untreated wood which lasted about 10 years before needing to be re-placed, around 1928.  
Treated wood was replaced which had become more available during this span of time. 

An electric drill was used with a 3/8” Irwin No. 6 drill bit approx. 16” long to determine the extent of decay once it was found.  
Field notes were kept to record member condition and drill information.  The under-side of the stringers was also evaluated for 
damp areas that could indicate advanced deterioration, or crushing.  All damage, cracks, splits and checks was recorded for 
future reference and tracking.  Some replacement members were recorded and corrective work noted in the field notes included 
in Appendix A. 

Both approaches were inspected and cleared of vegetation.  The east approach has had leaves and debris from the adjacent 
park swept under the spans 9, 10, 11, and 12.  This type of debris, when in contact with timber shortens its life.  This area needs 
to be cleared immediately so that the sills are completely exposed and able to breathe. 

During day two the truss was inspected using a 40-foot man-lift that was required for close examination and testing of the 
overhead members.  The 8,000-pound lift was maneuvered up to the first panel point from each end.  It was determined at the 
time that the interior decking within the truss would not support the weight of the lift.  Access to the critical portions of the truss 
was accomplished with the lift and measurements were taken of all overhead components including rods, braces, portals and top 
chord connections.  While the lift was on site the pin connections were closely inspected and prepared for non-destructive 
testing.  Quality One Testing was hired to supply test equipment and expertise in evaluating the pins for anomalies seen 
ultrasonically that would indicate any cracks or defects in the pins. The test equipment was also used to measure the thickness 
of the hollow members and to indicate thickness loss in some cases.  This information was necessary for the structural analysis 
of the truss.  The report of findings from Quality One Testing can be found in Appendix B of this report. 

Photos were also taken for verification of materials and condition as part of the report.  Careful measurement and accounting of 
all components were taken to facilitate load rating of the structure.  Specific photos are located in Appendix C of this report. 

On day three the man-lift was used again for measuring overhead components and overall truss dimensions.  Then the deck 
support ties and stringers were drilled from the topside.  City maintenance crews provided help removing some deck planks in 
order to gain access to the original ties, added extended ties (these support the rail posts from the outside) and the stringers.  All 
members were drilled from above between the ties at locations thought to be most likely damaged by decay.  After inspection of 
the drill holes, 3/8” x 4” long treated wooden dowesl were driven into the drilled holes to discourage insects or debris from 
entering.  In some instances, a 3/8” x10” dowel was used to reach the holes effectively.  Access to below-deck components in 
the truss span was achieved by walking the bottom chord while tied off to the safety cable.  All floor beams and stringers were 
measured and inspected for condition and loose or missing rivets.  The stringers were measured for size and composition while 
looking closely at critical riveted connections.   Once the work was completed the safety cable was removed. 
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EVALUATION GUIDELINES 
The purpose of this report is to provide a detailed assessment of the current condition of the bridge and to make 
recommendations for rehabilitation and routine maintenance.  To aid in the designing and planning of this repair work a five-
category designation is assigned with respect to remaining functional life as follows: 

1. Condition appears adequate for the next 10 years or greater.

2. Consider rehabilitation or replacement in 5-10 years.

3. Plan for replacement in 3-5 years.

4. Replace within 1-3 years.

5. Replace immediately, or as soon as practical.

A list of bridge components with respective condition states is included in Appendix D.  An estimate of the cost to perform the 
recommended rehabilitation is included in Appendix E.  This estimate is based on current cost of materials and labor and it 
addresses the current condition of a structure that has components over 100 years old.  The bridge condition should be revisited 
by inspection on a 4 year interval to evaluate any changes, particularly of timber elements that are now actively decaying.  This 
Inspection Report lists the percentage of each structural element belonging to each of the condition states, i.e. 1 = Good, 2 = 
Fair, 3 = Poor, 4 = Bad and 5 = Intolerable.  This is a simplified method to estimate replacement items and determine costs.  The 
condition state basis is a recognized method of bridge appraisal adopted by the Oregon Department of Transportation (ODOT), 
and accepted by the National Bridge Inventory Standards (NBIS). 
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CONDITION EVALUATION 

Concrete Abutments, Footings, and Piers 

The abutments at both ends (Bents 1 and 13) are concrete walls that stand vertical and appear to be poured directly on basalt 
bedrock without any embedment.  They appear to have counterforts on the fill face to resist overturning.  The other bents are 
supported by concrete footings that are poured directly on the irregular basalt riverbanks.  No attempt was made to embed the 
footings into the rock and some erosion under the toe is noticeable, especially along the stream face of Bent 2.  See Photo 2.  
The concrete was poured as it was mixed in small batches creating relatively weak cold joints that have started to deteriorate 
leaving sandy pockets with exposed aggregate.  This is especially noticeable in the pier faces (Bents 8 and 9).  However, the 
concrete is still very serviceable and patching or repairing the surface would offer little if any structural benefit.  Debris collects on 
the pier tops and should be cleaned off periodically.  See Photo 3.  The concrete is rated at C.S. 2. 

Treated Timber Wing Walls 

Timber crib walls were installed at all four corners of the bridge.  These walls were probably added to allow widening of the 
roadway fill when the railroad bed was converted to pedestrian use.  The condition of the timber lagging and driven piling is poor 
and should be replaced.  See Photo 4.  The fill slopes at both ends have receded from settlement, foot traffic, and erosion.  
These fills need to be fortified for pedestrian safety and to preserve the current roadway width.  This condition is worst at the 
west abutment, Bent 1.  See Photo 5.  The condition is rated at C.S. 4. 

Timber Sill Plates 

At Bents 1, 8, 9, and 13, 6 x 12 sills that support the stringers are in direct contact with concrete.  Debris has fallen through the 
deck and collected on these timbers.  Decay was found in the sills at Bent 8 on the Span 7 side, Bent 9 on the Span 9 side and 
Bent 13.  The areas drilled are shown in plan in Appendix D.  Most of the concrete abutments and pier tops showed 
accumulation of dirt and debris that should be periodically removed to discourage decay.  No crush at the stringer to sill interface 
is evident at this time; however the sills mentioned will need to be replaced within the next 3 years.  They are rated C.S. 4. 

Timber Frame Bents 

The entire approach is designed and built to traditional railroad standards typical for the period.  All members, sills, posts, and 
caps are heavily treated Douglas fir members that are 12”x 14”.  The posts are set into hand cut into notches (daps) and secured 
with ¾” diameter steel or iron drift-pins.  Each of the 5-post bents has a vertical center post and two battered posts on each side.  
The interior battered posts are inclined 1 horizontal in 10 vertical and the exterior posts are battered at 2 in 10 for stability.  A 4” x 
8” diagonal brace is attached at each side of the frame in opposing directions and attaches to the sill at the lower end, the cap at 
the upper and each post that is crossed with a 3/4” bolt at each intersection.  Most of the posts are in good condition.  However 
several show large checks and decay at the base and these will require replacement in 3 years.  See Photo 6 (exterior post 5 at 
Bent 3).  The timber caps that show extensive decay will also need to be replaced soon though they do not yet exhibit crushing.  
See Photo 7 (Bent 4, upstream end).  Refer to the timber assessment sheets in Appendix D for exact location of deficient 
members.  The sills and posts mentioned in the drill report as “R” are C.S. 4.  The remainder of caps, posts and sills are 
generally C.S. 2.  To preserve the caps, posts, and sills, it would be advisable to have the timber support system professionally 
fumigated with wood preservative as part of the rehabilitation work. 

Timber Line Bracing at Approach Spans 

The horizontal line bracing stiffens the posts from bent to bent and prevents post buckling under heavy load.  It is bolted to the 
sides of all piles at near the mid-height of the tallest framed bents.  The braces are 6” x 8” treated Douglas fir on edge and most 
are continuous over two bents.  The ends stop short in some cases where there is interference from the irregular rock banks.   
Some of the line braces have been removed or they may have been taken out by high water carrying debris years ago.  The 
ends of some line braces are severely decayed and should be replaced.  See Photo 8.  Line braces are rated generally at C.S. 4. 

Alternating Continuous Timber Stringers (approach spans only)

In Spans 1-7, each of which is 20 feet long, the stringers are high quality Douglas fir 8” x 22” timbers. There are ten stringer lines 
grouped in two sets of five, each set centered approximately under the original location of the rails.  It is possible that the 
exterior, fifth stringer on each side was added later, perhaps when the pedestrian deck was installed. The vertical bolts that 
secure the felloe guards pass through the exterior stringers.  It appears that these bolts previously passed through the second 
and ninth stringers.  See Photo 9.  It appears that each stringer is two spans in length and that the butt joints in adjacent 
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stringer lines are staggered 20 feet.  This results in beams that are structurally continuous from Bent 1 to Bent 8 as is typical in 
railroad construction.  Continuous stringers stiffen the structure and reduce the chance of collapse in the event that a bent fails.  
In this structure the stringers in each set are bolted together tightly making replacement of individual pieces very complex.  
Replacement of any single stringer would require complete removal of decking over the two spans just to get access.  Although 
there is significant decay in several of the stringers in these spans the load rating indicates that there is enough surplus capacity 
remaining and none need to be replaced at this time. 

In the east approach, Spans 9 thru 12, each of which is approximately 14 feet 6 inches long, the stringers 8” x 18” Douglas fir 
again of very high quality.  In these spans there are eight stringer lines grouped in two sets of four.  The stringers in the east 
approach are wetter and in worse condition than those in the west approach.  In Span 9 three of the four stringers in the right set 
have significant decay.  However the load rating indicates that the need for replacement is not imminent. 

For the most part the stringers are in fair condition except those of Span 9.  Continued use is safe although areas of significant 
decay were identified.  It is our recommendation to perform a complete evaluation the stringers at the time the deck is removed 
for replacement and to have the stringers professionally treated with preservative fumigant from the top-down before new 
decking is installed.  See the attached Stringer Plan Field Notes in Appendix D for critical findings.  At this time the stringers are 
classified as C.S. 2. 

Timber Railroad Ties (both approach and truss) 

The ties in the approach spans are heavily treated Douglas fir 8”x8” timbers.  In the truss span the ties measure 8” wide by 9” 
deep with the bearing surface dapped 1” deep.  These may be older than the ties in the approach spans.  These timbers were 
treated for ground contact and were not surfaced.  Therefore there is some irregularity in thickness.  The majority of the ties that 
we examined are extensively decayed and saturated with water.  See Photos 10 and 11.  While the ties are in very poor 
condition we did not observe crush in any of them because they are so lightly loaded.  However they trap water against the 
stringers and this encourages continued decay in both the ties and the stringers.  Removal of the ties is recommended within five 
years or when crushing becomes apparent.  To replace the ties the entire deck and railing will need to be removed and replaced.  
That the ties and stringers in the east approach are in worse condition than those of the west approach is probably due to 
overhanging trees that drop debris and block the sun at the east end.  We recommend that overhanging trees be removed or cut 
back.   Most of the ties, especially at the east approach, fall into C.S. 4. 

Added Timber Deck Ties 

Between the 8”x 8” railroad ties are lightly treated, surfaced 4x8 Douglas fir deck ties on edge.  Some of these actually appear to 
be untreated in the truss span and these are much more weathered.  Some are decayed at the end of the deck overhang.  See 
Photo 12.  These 4x8 deck ties were added to support the wider pedestrian deck and bridge rail.  Because these members are 
surfaced they are not as deep as the rough railroad ties.  In some places shims were added between the deck ties and the 
stringers but many of the deck ties are loose, and this looseness allows unacceptable movement in the rail.  Several of the deck 
ties and rail braces are rated at C.S. 4.  See Photos 13 and 14.  The majority of the 4x8 ties are rated C.S. 3. 

Decking and Supporting Members 

The deck system on this bridge is rather complex.  In the approach spans the width from rail to rail is 15’-1” and at approximately 
3’-8” from each rail a 4” x 8” longitudinal felloe guard is bolted through the ties and stringers.  Between the felloe guard and the 
rail are longitudinal 2x6 deck planks screwed to the ties.  Over the middle 6’-6” of the deck, between the felloe guards, are four 
longitudinal, treated 2x6 spacers laid flat and screwed to the ties.  Transverse 2x6 decking is screwed to the spacers.  The top 
surface of most of the ties is decayed resulting in very weak attachment for the decking.  The top deck surface is slippery when 
wet and has moss collecting at the joints.  Dirt and leaves have accumulated under the decking and trapped moisture is 
promoting decay.  Most of the deck is classified C.S. 3. 

The felloe guards mentioned above appear to be original though they have probably been relocated.  They are soft, deteriorating 
and some show termite damage.  See Photos 15 and 16.  In their present position they project slightly above the deck creating a 
tripping hazard.  We recommend removal of the felloe guards as part of deck replacement within three years to prevent decay 
from spreading into the stringers and decking.  The felloe guards are classified C.S. 5. 

In the truss span the deck is narrowed to 13’-2½” between rails and the felloe guards are moved out leaving a space of 
approximately 2’-1” between felloe guard and rail.  On the right, upstream side, this space is covered with longitudinal 2x6 
decking, as in the approach spans, while on the left side a 14” ductile iron water line is supported on the deck ties and floor 
beams and it is covered by a bench.  The 21” deep seating surface of the bench is composite lumber, one 2x8 and two 2x6’s.  
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The framing and front surface of the bench are Douglas fir.  The longevity of the composite material is unknown but it appears to 
be in good condition.  The bench is rated C.S. 2. 

Bridge Rail 

The handrail is built of lightly treated Douglas fir members bolted and screwed together.  It has a 2x8 toe board, three horizontal 
2x8 members with 3” spaces between and a flat 2x6 cap.  The posts are 4x4’s on 4’ centers.  Each post is braced to the 
projecting 4x8 deck tie with a diagonal 4x4 that is half-lapped and bolted at each end.  As mentioned above the rail is somewhat 
shaky but this is mostly due to lack of support under the deck ties.  The condition of the timber rail is fair with some of the lower 
connections loose from weathering.  The expected remaining life of the handrail is approximately 5 to 10 years.  It is classified 
C.S. 2. 

Directly behind the bench covering the pipeline a black ornamental metal rail mounted above the timber rail to improve the safety 
of those who might stand on the bench.  The metal rail looks somewhat spindly and out of place.  However it is well fastened and 
seems tight and capable serving its intended purpose.  This rail is classified C.S. 2. 

Bent 8 Bearing Assemblies (pinned) 

The cast iron bearing assemblies are attached directly to the piers at Bents 8 and 9 using steel anchor rods that are not 
galvanized.  The anchor rods are corroding but the condition of the castings is remarkably good.  The rocker shoe assembly at 
Bent 8 sits in a fixed pocket allowing the bearing to act as a hinge which permits rotation but not horizontal movement in any 
direction.  See Photo 17.  Installation of galvanized anchor rods is recommended and keeping the bearings clean should be part 
of routine maintenance.  This element of the structure is rated at C.S. 1. 

Bent 9 Bearing Assemblies (confined roller system) 

The Bent 9 bearings are very similar to those at Bent 8 except that instead of rocker shoes they have confined rollers that travel 
between tray-like castings.  Each roller is approximately 2 inches in diameter and there are eleven rollers in each bearing, one 
bearing on each side of the bridge.  Roller bearings allow the bridge to expand and contract as temperature changes without 
stressing the connections.  The bearing assemblies were at the center of their travel range at 45 degrees F.  See Photo 18.  
The actual cast bearings are rated C.S. 1 but addition of new anchor bolts and brackets should be considered. 

Floor Beams in Span 8 

The floor beams have rust on the top flanges where paint was not applied and are likely steel rather than wrought iron.  See 
Photo 19.  The alignment of the members is good and they appear to be functioning as intended.  The inspection of the 
underside found 1 rivet missing at the lowest exterior right stringer to floor beam connection of bay 4 at the L3 floor beam.  Rivets 
sometimes pop out if poorly installed and they can snap from extremely heavy use, and when they snap it is generally at the 
lowest position as found here.  Given there are so many rivets in this connection and the structure has seen so much use it is not 
alarming to see one missing.  The rating system requires any unpainted or unprotected steel to be rated at best a C.S. 2 
otherwise the floor beams would be rated C.S. 1. 

Stringers in Span 8 

There are four lines of stringers in the truss span.  The riveted plates and angles that make up the typical stringer sections are 
tight and straight throughout the structure.  The top surfaces of these beams show some pitting where the ties may have rested 
in a previous setting.  This pitting or loss of section is not common to wrought iron and may indicate that an additional steel plate 
was added or that the stringers are actually fabricated from steel.  The paint on the top flanges of the beams is nonexistent and 
pitting of the steel is wide spread.  

In the first and last bays of the truss the interior two stringers are rolled sections that are significantly smaller than the typical 
built-up stringers.  Because of their position they take relatively little load and they are more than adequate for the function they 
need to perform.  See Photo 20.  The top surfaces of the stringers were not painted at all and some corrosion is visible.  The 
stringers are rated at C.S. 2. 

Pin Assemblies 

The pin and nut assemblies were carefully examined visually for cracks or movement.  The threads at the ends of the pins were 
deformed with a cold chisel at the time of re-construction to prevent the nuts from backing off.  See Photo 21.  The pins were 
also match-marked for proper installation as seen in the photo.  The testing firm Quality One examined the pins with ultrasonic 
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equipment and found them to be free of cracks or defects.  See the test results in the Appendix B.  The pins are rated at a C.S. 
1. 

Truss Lower Chord (L0 to L6) 

The truss lower chord is built from multiple rows of forged flat eye bars linked together with machined pins.  No defects or 
damage was found by walking and examining each bar and their separate eyes.  The pin-eye connections may be frozen in 
place from years with no significant live load but this has very little effect on the load-carrying capacity of the bridge.  The lower 
chord eye bars show no deformation or defect and are considered to be in C.S. 1. 

Floor Beam Connection U-Bars at L2, L3, and L4 

The forged U-bars attach the floor beams to the truss through cast saddles at each panel point.  Each end of each floor beam is 
held in place by a pair of parallel U-bolts that share a plate under the bottom flange of the floor beam.  The U-bolts are double-
nutted.  They appear to be functioning as intended and the load rating indicates that they have far more capacity than is 
demanded of them.  Each leg of each U-bolt was tapped with a hammer for consistency in sound and very little variation was 
found.  See Photo 22.  These assemblies need to be kept clean for inspection purposes.  These members are considered to be
in C.S. 1. 

Composite Steel Latticework Verticals (L1U1 and L5U5) 

The vertical members at L1U1 and L5U5 were fabricated with riveted flat-bars and heavy channel sections. The channels are 
stamped “Illinois USA – S” suggesting that these members are made from steel rather than wrought iron.  The channels are 
riveted to their respective floor beams in lieu of the U-bolt connections found at the interior floor beams L2, L3, and L4.  The 
rivets are tight and these members are true, in good condition and rated C.S. 1. 

Wrought Iron Truss Members 

The truss member sections are detailed in Appendix A.  The compression members are wrought iron flanged pipe sections 
assembled from rolled segments that are riveted together.  This structural section was invented by Samuel Reeves of the 
Phoenix Iron Company in 1862 and became known as the Phoenix Column.  Phoenix columns are relatively light and very 
strong.  They were manufactured in lengths that could be shipped then assembled on site into longer pieces by inserting the 
ends into specially made iron castings.  The primary tension members are also wrought iron.  Both flat bars with eyes forged at 
the ends and round bars with upset threads were used.  These too were manufactured in lengths that could be shipped and 
assembled on site.  The flat bars are linked with round pins and the round bars are held in place with nuts.  Wrought iron has 
many advantages over other building materials available at the time.  It is very strong but not brittle like cast iron.  This ductility 
allows it to be riveted and gives it the ability to resist repetitive loads and shock without fracturing.  It is also relatively easy to 
weld and almost as corrosion resistant as stainless steel, which wasn’t invented until much later.  Photo 23 shows a bracket for 
an earlier rail system welded to one of the Phoenix columns.  Each vertical column element has drain hole at its bottom to 
prevent water from collecting inside the columns.  These holes need to be kept open by occasional cleaning to prevent damage 
from freezing water trapped inside.  The columns have a row of drilled holes about 15 feet above the deck whose function is not 
apparent.  There are wasp nests inside the columns behind some of these holes, especially in L4U4 on the upstream side.  
These should be exterminated if possible and the holes plugged to protect the public. Several column ends show evidence of 
straightening and rivet replacements.  See Photo 24.  These repairs were probably to correct minor damage sustained during 
relocation of the bridge and are not structurally significant.  Drain holes were cast into the column sockets and it is important to 
keep these holes open to allow drainage and prevent collection of water that could cause freeze damage.  See Photo 25.  The 
Quality One thickness measurements showed little if any variation meaning there has been no measurable section loss to the 
members.  The Phoenix columns and other wrought iron truss components were evaluated as C.S. 1. 

The sway brace rods below the deck in the truss span tie the floor beams together in a repeated X pattern.  These rods provide 
lateral stiffness to resist loads from wind or ground movement and they reduce vibration that would be caused by cyclic loading 
as from trains crossing the bridge.  The 2¼” diameter threaded rods are evenly tightened and do not sag.  The sway braces are 
rated C.S. 1. 

The 1¼” diameter threaded rods that cross diagonally overhead are necessary to resist horizontal loads especially from wind and 
to provide stability to the trusses out of plane, i.e. to prevent the upper truss chord from buckling under heavy load.  The rods are 
all tightened to approximately the same tension.  Again threads at the ends were deformed with a cold chisel to prevent the nuts 
from loosening.  The wind brace rods are considered to be C.S. 1. 
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During the inspection we sighted down the upper chords from a man-lift and we checked several vertical members with a level. 
We found the chords to be straight, the columns are plumb and the alignment is true.  This is a well-designed, carefully 
assembled and very strong truss that has remained in remarkably good condition given its age.  It has stood in its present 
location for almost 100 years and with minimal maintenance should stand at least 100 more. 

Bridge Paint (truss only) 

The iron truss was painted black in the relatively recent past but some areas were left unpainted, notably the interiors of L1 and 
L5, and the tops of the stringers and floor beams.  The bearing areas showed thin paint and bare spots.  The steel components 
are the critical members for corrosion and should be the priority in any paint related maintenance work.  Spot painting after 
pressure washing would be appropriate to preserve the steel.  The paint is currently rated at C.S. 2. 

Utilities and Attachments (waterline) 

The 14” ductile iron water pipe is mounted under the left deck overhang and is supported by the bent caps at the approach 
spans.  The bell and spigot pipe angles up over the concrete piers and crosses the truss on top of the deck ties and is supported 
at the floor beams.  No leaks or anomalies to the system were evident.  However the deteriorated untreated blocking placed 
around the pipe at the penetration through the back of each abutment wall has started to allow the rock backfill to spill through.  
See Photo 26.  The water line is rated at C.S. 1.

Lighting (electrical service) 

Two repurposed street lamps are rather crudely wired and mounted to the left, downstream verticals L1U1 and L5U5.  The 
installation has wire nuts exposed to the weather.  See Photo 27.  Also holiday lighting is strung over the bridge and it appears
some of the wire insulation is cracking.  Improving or removing both of these installations is advised and would enhance public 
safety.  The wiring is rated at C.S. 5. 
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LOAD RATING 
The general approach to load rating a bridge is as follows.  Critical members are selected for analysis and the load-carrying 
capacity of each of these members is calculated based on geometry, material properties and condition.  The overall structure is 
then analyzed to determine the amount of load carried by each of these critical members due to the weight of the structure only 
(dead load) and also due to each live load of interest.  Finally a load rating factor is determined by subtracting the dead load 
demand from the capacity and dividing the difference by the live load demand.  A load rating factor less than zero means the 
structure should not be able to support itself.  A load rating factor less than one means the member is not adequate to support 
the live load in question.  A load rating factor greater than one means the member has surplus capacity with respect to the live 
load in question.  Moreover for rating factors greater than zero a close approximation to the live load carrying capacity of the 
member can be found by multiplying the rating factor times the live load that yielded that factor.  For example if application of a 
uniform live load of 85 pounds per square foot (psf) on a structure yields a rating factor of 2.0 for a particular member in that 
structure then that member could safely support a uniformly distributed live load of approximately 2.0 x 85 = 170 psf. 

There are 2 load rating values for each element and each load case, one is called “inventory” and the other is “operating.”  The 
inventory rating represents the load that the bridge can carry routinely, on an everyday basis.  The operating rating represents 
the maximum load the bridge can carry occasionally.  If a bridge needs to be posted with a weight limit, that limit is based on the 
operating capacity.  The Mill City bridge is a massive structure built to carry loaded trains and it has been repurposed for 
pedestrian use.  A small group of pedestrians or bicycle riders crossing the bridge has no measurable impact on any of the 
structural elements.  However the bridge code published by the American Association of State Highway and Transportation 
Officials (AASHTO) stipulates that pedestrian bridges are to be designed to carry a uniformly distributed load of 85 psf across the 
entire length and width of the bridge.  On the Mill City bridge that much weight would be something on the order of 2,000 people 
on the bridge at the same time.  If this were ever to happen it would surely be a rare event.  The service vehicle also does not 
use the bridge routinely.  Therefore the inventory rating for either of the live loads considered is of little importance and only the 
operating rating need be considered.   

All of the load-carrying members in the Mill City pedestrian bridge were examined and analyzed but only the most critical were 
assigned load rating values.  These include the timber stringers and posts of the approach spans and the wrought iron eye bar 
members in the truss lower chord in the main span.  The condition of the iron truss members was relatively easy to assess 
because for the most part they are completely exposed.  The lowest operating load rating value found for the truss lower chord 
members is 39.6 for uniform pedestrian loading.  In other words these members would not be overstressed by application of 
uniform load until that load reached something on the order of 3,000 psf. 

The condition of the approach span stringers was more difficult to assess because of limited access.  A thorough examination of 
all of the stringers would require complete removal of the deck and ties.  This was obviously not possible though some decking 
was temporarily removed and stringers were examined in areas where we had reason to suspect that decay would be present.  
We did find decay, especially at the east end in Spans 11 and 12.  To account for this, two sets of load rating values were 
calculated, one assuming there was no decay and all stringers were fully functional and another assuming only one stringer in 
each set was good and all the rest contributed weight but no strength.  The actual capacity is somewhere between these 2 
values.  The lowest operating value found for a timber stringer assuming all but one in each group are completely rotten is 2.11 
for the service vehicle, suggesting that, even making a worst case assumption regarding condition, the stringers should be able 
to safely support a 12-ton truck. 

The lowest operating load rating found for the tallest post in the approach spans is 9.07 for the service vehicle assuming a 20% 
section loss.  Some of the posts, particularly 1, 4 and 5 in Bent 10 may have more than 20% section loss, but a load rating factor 
over 9 suggests there is surplus capacity. 

Other members that were examined but not assigned load rating values include upper chord, diagonal members, floor beams 
and stringers in the truss span, and timber bent caps in the approach spans.  These all appear to have ample capacity though 
the condition of most of the bent caps is very poor. 

See Appendix E for the load rating analysis. 
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CONCLUSIONS 
Our research suggests that this bridge contains one of only two Phoenix column truss spans still standing in the state of Oregon; 
and the other, the Hayden Bridge in Springfield, is now closed and likely to be moved out of state soon.  These are remarkable 
and historically significant structures, and it is a testament to the people of Mill City that this one has been preserved and 
maintained. 

As mentioned above, this is a massive structure designed to carry extreme loads, and it was built using excellent quality 
materials.  It was carefully erected by people who were obviously skilled in their trades, and the truss span remains in remarkably 
good condition.  There is decay in the some of the structural timber members but even members that appear to be almost 
completely rotten, like some of the bent sills discussed below, show no crushing because they are so lightly loaded with respect 
to their original capacity.  What limits the capacity and usefulness of the bridge is the deck system.  The decking itself, which is 
2x6 lumber spanning more than 2 feet in most locations, is not capable of supporting even modest wheel loads.  Projecting 
above the decking and well within the travel way are two longitudinal felloe guards that create tripping hazards for pedestrians 
and cyclists.  Trapped beneath the deck are the original railroad ties which add significant dead load but more importantly they 
trap moisture against the tops of the stringers encouraging decay in these primary structural members.  Finally the deck ties 
overhang the stringers so far that they are overstressed under design loads. 

Other deficiencies include the rods embedded in the concrete piers at both ends of the truss, Bents 8 and 9.  All of these are 
corroded and some are severely corroded.  Under normal load conditions these anchor rods perform no function.  However an 
extreme event like a strong earthquake or a flood carrying large debris or a hurricane force wind might be able to move the truss 
in its present condition.  Adding anchor rods would be inexpensive and could be viewed as cheap insurance. 

Finally, much of the heavy timber substructure of the approach spans is in poor condition.  Members in Condition State 5, 
replace as soon as possible, include: 

1. The 12’ long 6x12 sill on Piers 1 and 2 (Bents 8 and 9) and on the east abutment, Bent 13. 

2. The 12x14 sills (lengths vary 12’ to 24’) on Bents 4, 5, 6, 7, 10 and 11. 

3. The 24’ long 12x14 posts 1, 4 and 5 in Bent 10. 

4. The 20’ long 4x8 horizontal brace in Bent 11. 

5. All of the 6x8 longitudinal line bracing between Bents 3 and 6 and between Bents 9 and 12, totaling approximately 

500 lineal feet. 

Additional members that should be replaced within the next 3 years, Condition State 4, include: 

1. The 16’ long 12x14 sill on Bent 2. 

2. The 12’ long 12x14 posts 4 and 5 in Bent 3. 

3. The 22’ long 12x14 post 5 in Bent 4. 

4. The 10’ long 12x14 post 2 in Bent 7. 

5. The 18’ long 12x14 posts 3 and 4 in Bent 11. 

6. The wing walls retaining the fill slopes at both abutments, especially at 

Bent 1.  The total timber involved is approximately 300 lineal feet of 6x8 and 

200 lineal feet of 4x12. 

None of the sills or caps is visibly crushing at this time but this is only because the 
weight is distributed over such a wide area and demand has been so low on the 
structure since the rail lines were removed.  They would probably last a few more 
years carrying the occasional pedestrian and bicyclist but they could fail in an extreme 
event or under the weight of a large gathering.  Eventually the decay will completely 
destroy the cell walls and they will no longer be able to support their own weight.  
Exactly how long that would take is impossible to predict. 

It is possible to see where the ends of braces have decayed completely so that they 
are no longer connected to the posts.  These braces are important for the overall 
stability of the structure and for preventing post buckling.  Again, the bridge will not fail 
any time soon under the present load regime because these braces are no longer 
functioning, but they should be replaced to ensure longevity of the structure. Chambers Covered Bridge, Cottage Grove, Oregon 

Figure 1 
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The wing walls at the abutments are rotten and crumbling.  These should be replaced but this work may not be as urgent as the 
rest, especially if the deck is narrowed as discussed below. Flush metallic inlays could be added to the deck surface to suggest 
rails, and if Deck Option 1 is selected, the deck planks could be patterned to resemble railroad ties as was done in the 
Chambers covered bridge in Cottage Grove.  See photo Figure 1. 
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RECOMMENDATIONS 
The heavy timber posts, sills and braces listed above under ‘Conclusions’ should all be replaced within the next three years.  The 
entire deck system should also be replaced and the old railroad ties should be removed.  Deck replacement will involve some 
decisions. 

The existing bridge deck is 15’-1” wide between rails on the approach spans while on the main truss span it is 11’-5½” from face 
of bench to face of rail with a 1’-9” wide bench covering the water line.  There is no practical reason for the deck to be as wide as 
it is given its present function.  We recommend that the deck be a consistent width for its entire length.  The optimal width to 
avoid the water line without relocating it and to distribute the load evenly on the stringers without excessive overhangs is 9 feet.  
A 9-foot wide deck is sufficient for use by pedestrians, bicyclists and service vehicles, and it would substantially reduce 
construction and maintenance costs. 

Currently the stringers are grouped in two sets centered under the former location of the rails.  While this arrangement is efficient 
for carrying a railroad it is not efficient for its present use.  Furthermore where the stringers are in contact with each other water 
gets trapped creating an environment that encourages decay.  Two possible approaches to deck reconstruction will be 
discussed.  The first is preferred in terms of longevity of the structure and efficiency of design.  The second is least cost. 

Deck Replacement Option 1 (preferred) 

With the existing deck system and ties removed the groups of stringers could be separated and repositioned on the bent caps 
and sills.  In Spans 1-7 there are 10 lines of stringers.  If the deck were reduced to 9 feet wide only 8 lines of stringers at 15” 
centers would be required.  This would present the opportunity to remove the stringers that are in the worst condition and 
reposition the best.  The removed stringers could be reused elsewhere as discussed below.  To maintain the current grade 4’ 
long 6x8 corbels would be place between the stringers and the bent caps.  Before the deck is reinstalled the stringers would be 
treated with preservative fumigant.  The recommended decking would be 3½” thick, 4x8, 4x10 or 4x12 pressure treated and laid 
flat.  The exterior stringers would be flush with the edges of the deck and a new rail system would be bolted to the exterior 
stringers without need for projecting braces.  In Spans 1-7 the existing stringers are 22” deep.  In Spans 9-12 the stringers are 
only 17¾” deep and there are only 8 lines of stringers with several in very poor condition.  Where there is decay it is most severe 
in the top of the stringer.  It is very likely that there would be enough good wood in the stringers removed from Spans 1-7 that 
they could be resawn to 17¾” deep and used to replace the worst stringers in Spans 9-12, and to make the 6x8 corbels required 
to maintain existing deck grade.  It is anticipated that repositioning the stringers as described above would involve labor but no 
new material.  However the decking and rail would all be new material.  On the truss span there are only four lines of stringers 
and these are iron and/or steel.  They would have to remain where they are and the decking would have to be thicker to 
accommodate the longer spans. 

Deck Replacement Option 2 (least cost) 

A less expensive option would be to remove the existing decking and railroad ties.  Leave the stringers where they are and treat 
them in place with preservative.  Cut the existing 4x8 deck ties to accommodate the narrower deck, install additional deck ties so 
that the spacing is on 16” centers, reattach the existing bridge rail and install new 4x decking longitudinally.  Most of the decay 
noted in existing deck ties is at the ends of these members.  Therefore we anticipate that by cutting them shorter few would have 
to be replaced. 

Whichever approach is taken there will be heavily treated railroad ties left over.  Many of these are too decayed for reuse but 
many are still serviceable.  Some could be used in rebuilding the abutment wing walls and some could be used in other City 
projects or sold. 

It is anticipated that replacement of substructure members, posts, caps, sills and braces will all be with new material.  Finally, we 
recommend removing or cutting back the trees that overhang the east approach spans.  See Appendix F for the engineer’s cost 
estimate. 
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Mill City Bridge
Steel Truss Component - Measurement Sheet Page 1

Item no. Description Quantity Thickness Width Length Condition

Base Plate and Bearing 4 ~2.~I
"2 "2, \' """cr IA c-" I'-;:,

Pin at support 4 ::2} " . C.,'S 1...-:/ 12-' (~P

Bottom Chord Eye Bars 1.;. r.~~~~,,:)r,-J

Panel La - L1 r , 4 \'='J .. SYs~ c...S \![.o'
Panel L1-L2 4 \ ?/'b'! SI/g' ,.. ,

Panel L2-L3
I ·.';"K <1.- 1'770" S'4 L-~

"2 _ ) t; ,,~"

Panel L3-L4 S~)A'
"2... .~\~/'b
'I ,-", \/.:.\.-'

Panel L4-LS '. 4 \.\

Panel LS-L6 4

Diagonal Eye Bars

Mem Ul-L2 \...( 4 l?/1-\-il z::;w CS I

Mem U2-L3 ~~ 4 \
~\ S 7/ .' il·0

Mem U3-L2 ~ I 4 \ rr (; ~, -a I IJ...J I \J P ;':c:'f'"" T~~ ;::r,;" ~<;:. L,-'.~ 9> -~--, )

Mem L3-U4 ll, 4 \ \I ,., ....~.~ .,
!;, :.:.:\-- '7

Mem L4-US
"" ,., S " , ,

!, I 4 \ 7/:..\-

Built-Up Lattice Verticals Ll-U1, LS-US f ~~;,;:.~~'.{ .! .'. 4 IS'" \~!:z..~~ '2-6 Cs \
\ ";'j

Pheonix Verticals L-o-u, b~' '6~ t 12 1•.Jr>J 2- o -:I~'r \..t
. e::..._~;;,..I'! -u.~i'_l}

Mem L2-U2 4 Sf-:-;;kf'"B'-Ir \ 2 10 S-.o \)

Mem L3-U3 I" 2 °,,)c1 II

Mem L4-U4 2 o ,'?::7 l f

Top Chord Pheonix Section U1-US f.o Cf" ,~- 2 C~~:;'\,_'"",.;;;t·/'.;; " ..J'

Top Chord Pins U1-U5 10 \. t

Top Chord Lateral Braces U1,U2,U3,U4,US 5 \ \

Wind Brace Rods (Top) Ul,U2,U3,U4,US 10 \ t~,,~~'->'1. \. \
>j



Mill City Bridge
Steel Truss Component - Measurement Sheet Continued. Page 2

Description Quantity Thickness Width Length Condition

Sway Brace Rods (Bot) LO-L6 12 r: I I, ¢-/t:.~

Portal Brace (Each End) -» ,:, ()lc"D 'r:::,,L :;'. {,···:K-- ..l' ..... 2 LS I-?

Creel Brace (Each Corner) 4-t( ~~';~{ " <: /! l-X '/Jr;J~ 4 c.:S I

Top Chord Pins ~~;:,. -n::-'~<rw' ,. i'..:" 10 C-; I
. .(.~"•..

Floorbeams ,,?p7:r' "OLI.,.)C" CO::; \•. __ I,,, .. '

Bottom Chord Pins u.iz, L3, L4, L5 -Srs-.,c:: . : ';"(::(:.:;(2:'7'" 10
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Quantity Thickness
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Width Length ConditionDescription
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Sill

Bent 7
Description Quantity Thickness Width Length Condition

Posts

Cap

Bracing
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Description Quantity Thickness Width Length Condition
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