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Executive Summary
Westbrook Associated Engineers, Inc. (Westbrook) performed an underwater inspection of four
piers on Bridge B-428W on the Wisconsin & Southern Railroad (WSOR) near Sauk City, WI (see
Exhibit A—Site location and layout). The bridge is over the Wisconsin River on the WSOR Sauk
Subdivision. At one time, the bridge consisted of six spans, five piers, and two abutments. In
2002, Span 4 and Pier 4 were removed after Pier 4 settled and was deemed irreparable. Within the
last year, Pier 2 has settled approximately 3 ft and rotated upstream to a slope of 10:1. The purpose
of the underwater inspection was to investigate the Pier 2 settlement and evaluate the condition of
the remaining piers. The last underwater inspection took place in August of 1997, prior to removal
of Pier 4 and Span 4, and it examined only Pier 4.
Pier 2 is in a failed condition due to undermining along the west face of the pier from the nose to
a point halfway downstream. At the time of the inspection, a forceful current was found flowing
underneath the pier in this area indicating that undermining extends across the width of the pier to
the east face. The pier has settled and rotated to such an extent that repair is not feasible and
Westbrook recommends its removal along with Spans 2 and 3. Pier 1 is undermined as well but
is currently stable; however, it requires corrective action to maintain its stability. Piers 3 and 5 are
stable and no corrective action is necessary to maintain their stability at this time. Depending on
the intended use Pier 5 may be made serviceable again. This will require some maintenance and
repair work which this report will address. It is questionable whether Piers 1 and 3 may be made
suitable for future use.

Work Performed
Piers 1 and 5 were inspected on November 1, 2016. The weather was sunny and the air temperature
was approximately 70oF. The underwater inspection was performed by diver Eric Hogden of
Underwater Inspectors, LLC, an NHI/FHWA certified bridge inspector. Engineer Allen
DeSchepper, P.E. of Westbrook consulted with the diver and made a general survey of the bridge.
Dave Andruczyk from the Wisconsin DNR was also present. Prior to commencing the dive, the
team made a general survey of the bridge from the east river bank, west river bank, and from the
boat (see Exhibit B—Site photos). The orientation of the bridge runs generally southeast to
northwest, but throughout this report a railroad orientation is used. Track east is in the direction
of Mazomanie, track west is in the direction of Sauk City, north is upstream, and south is
downstream. North/south and upstream/downstream are used interchangeably.
Following the general survey, the team moored the boat to the west side of Pier 1 and commenced
the dive. Pier 1 consists of a concrete shaft founded on timber piles. A concrete seal protrudes 2–
3 ft horizontally around the perimeter of the shaft below the waterline. The diver inspected the
west and downstream faces of the pier from approximately 3 ft above the water surface to the river
bed. The east and upstream faces were not accessible due to a strong current. The diver estimated
the current to be 6 ft per second.
The team then moved to Pier 5. Pier 5 consists of a concrete shaft supported by a steel sheet pile
cell filled with weak concrete. The sheet piles extended 1.2 ft above the water. The cell is
surrounded by water on three sides with the west edge of the cell abutting the shoreline. Current
at this area is slow—approximately 2 ft per second—and the diver was able to make a full
inspection.
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Piers 2 and 3 were inspected on November 2, 2016. The weather was partly cloudy and the air
temperature was approximately 65oF. Dave Andruczyk did not attend. The inspection began at
Pier 3 after the boat was moored to the west side. The pier consists of four rows of timber piles
oriented generally upstream and downstream. The piles are capped with timber beams and
blocking. The upper cap beams and blocking were not inspected. The timber piles are encased
with 12-inch by 6-inch timber perimeter boards which begin 2 ft below the waterline and extended
approximately 12 ft up. These timbers did not extend below the water line along the downstream
side of the pier and the diver was able to access the interior. After inspecting the interior, the diver
inspected the downstream and west sides, but was not able to inspect the nose and east side due to
the strong current—approximately 5–6 ft per second.
The team then moved to Pier 2 and moored the boat along the west side. The current was most
strong and turbulent at Pier 2 with an estimated speed of 6–8 feet per second. This current made
mooring the boat difficult, however the water was calm enough on the leeward side to effect a
dive. The diver inspected the downstream and west faces of the pier but was not able to inspect
the nose and east side due to the current.
The underwater inspection entailed a visual/tactile inspection of below-water structural elements.
Rough measurements were taken with a rod marked with one foot increments. Concrete and timber
elements were hammer sounded for structural integrity. Water depths were measured at various
locations along the perimeter of the piers. All dives were video recorded for reference. Above
water elements were limited to a visual inspection from the boat with the exception of Pier 5, which
was accessible by foot.
Water depths were measured throughout the day as the boat motored in and out and around the
bridge piers. Depths were measured with a sonar depth finder mounted in the boat. The depth
finder was calibrated earlier in the day with a weighted tape in calm water. See Exhibit E—Water
Depths.
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Observations
Observations for each pier are summarized below along with numerical condition ratings for the
structural elements. See Exhibit D—Condition Rating System—for an explanation of the
numerical ratings. Sketches of the piers along with pertinent dimensions and inspection details
are provided in Exhibit F to assist the reader.
Pier 1



Stream alignment—current strikes the pier along the east side at a high angle of attack.
Flow is turbulent at nose and tail.



Streambed/scour—the bottom of the concrete seal is exposed along west side and
downstream faces. The exposed depth from bottom of seal to stream bed varies from 1 ft
at the east downstream corner to 6 ft at the west side near the nose. No flow was observed
underneath the seal so it is assumed that the east face penetrates into the streambed. Riprap
up to 2 ft in size were found near the nose. The stream bed at the tail was a mixture of
smaller riprap (< 1 ft), smooth stone, broken concrete, sand and gravel.



Concrete shaft—top of shaft appears to have been patched, but has spalls up to 1 ft in size.
Surface cracks and efflorescence over approximately 40% of the mid-section (see Figure
1). Exposed rebar and honeycombing found at/below waterline. Concrete below waterline
is sound when struck with hammer.



Concrete seal—seal was formed with steel sheet piling, but the sheets were removed
leaving the concrete surface with a ribbed profile. The seal is approximately 14 ft deep
starting 3 ft below the water and extending to about 17 ft. The bottom of the seal is exposed
due to scour. Bottom surface is irregular with vertical rebar exposed in places. Concrete
is sound when struck with hammer.



Timber piles—exposed along west side and downstream faces. Outer fibers are soft for
approximately ½” depth. With the outer fibers removed, the timber is sound when struck
with a hammer. Piles measure approximately 16 inches at the top and taper downward.



Debris/drift—none

Element

Condition

Concrete Shaft/Seal

5

Timber Piles

6

Scour

3

Overall condition

3—Serious Condition

4

Figure 1: Pier 1 shaft, downstream face
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Pier 2



Pier has settled and has rotated to a slope of 10:1 (see Figure 2).



Stream alignment—current strikes the pier along the east side at a high angle of attack.
Flow is turbulent at nose and tail.



Streambed/scour—the bottom of the concrete seal is exposed along west side from the
center of the pier to the nose. The exposed depth from bottom of seal to stream bed
increases rapidly from the center, from zero to 3 ft vertical in a distance of approximately
6ft horizontal. The diver did not proceed any farther toward the nose due to a strong current
flowing underneath the pier. Because of this, it is assumed that the west face is also
exposed and the upstream half of the pier is undermined. A combination of riprap and
smooth stone up to 2 ft in size were found along the area inspected. Riprap was found
underneath the pier where the streambed was scoured away.



Concrete shaft—surface cracks, efflorescence, and edge spalls < 6 inches. There is a
diagonal crack on east face which starts at bridge seat and proceeds down to left side.
Below the waterline, the joint between the shaft and the seal is open up to 2 inches. It
appears to be due to poorly consolidated materials. The diver can probe in about one hand’s
depth (see Figure 3).



Concrete seal—seal was formed with steel sheet piling. Steel sheets remain in place along
the west face, but were removed along the downstream face. Steel has surface rust, but is
bright when scraped away—no pitting observed. The bottom of the sheets were visible
where the streambed had scoured away.



Timber piles—were not visible or reachable by hand underneath the seal. The diver could
not swim underneath the pier to investigate due to the cross-current flowing underneath the
pier.



Debris/drift—none
Element
Concrete Shaft/Seal
Timber Piles
Scour
Overall condition

Condition
5
not observed
0
0—Failed Condition
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Figure 2: measuring pier rotation

Figure 3: open construction joint. Diver’s hand is shown inserted into joint.
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Pier 3



Stream alignment—current strikes the pier along the east side at a moderate angle of attack,
i.e. not as severe as Piers 1 and 2. Flow is turbulent at nose and tail.



Streambed/scour—the pier is heavily riprapped along the west and downstream sides.
Rocks as large as 3 ft were found. The area inside the perimeter boards was also filled with
riprap (see Figure 4). The height of riprap placement inside the pier is typically a few feet
higher than riprap observed outside the pier. It is assumed that the east face is also covered
with riprap since no current was felt flowing through the piles. However, there was water
flowing through the piles and perimeter timbers at the nose. Riprap at the tail of the pier
was mixed with sand deposits.



Timber piles—generally plumb. The easternmost row of piles are abraded at/below the
waterline and have 25–50% section loss. This abrasion must have occurred prior to the
installation of the perimeter boards (see Figure 5). In addition, the two downstream piles
in this row were broken off below the waterline. The three remaining pile rows are
generally sound. From the water line down, these have soft or separated fibers up to ¼”
deep. With the outer fibers removed, the timber is sound when struck with a hammer.



Timber perimeter boards—timbers are out of level which makes the pier look “racked” or
settled; however, piles and cap beams are generally plumb and level, respectively. Some
of the attachment hardware is loose or disconnected. Timbers are generally sound except
for at the nose where they are abraded at the waterline (see Figure 6).



Debris/drift—none

Element

Condition

Timber Piles

4

Timber Perimeter Boards

4

Scour

6

Overall condition

4—Poor Condition
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Figure 4: riprap placed inside pier at nose

Figure 5: abraded pile, east side of pier
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Figure 6: condition of perimeter timbers at nose
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Pier 5



Stream alignment—the pier is protected by a sandbar/river bank upstream. Calm current.



Streambed/scour—the streambed consists of sand with concrete rubble and stone up to 1 ft
in size. No evidence of scour, all steel sheet piles penetrate the streambed.



Concrete shaft—Surface cracks and efflorescence over approximately 50% of the shaft
area. The downstream side has spalls and delamination over half the face (see Figure 7).



Steel sheet piles—sheet piles have surface rust and scaling. With the rust removed, the
steel surface is pitted up to 1/16-inch. All sheet pile interlocks are tight and intact.



Timber piles—there is an old timber wing dam upstream of the pier and timber fender piles
downstream of the pier. These were not inspected.



Debris/drift—none

Element

Condition

Concrete Shaft

4

Steel Sheet Piling

6

Scour

7

Overall condition

4—Poor Condition
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Figure 7: Pier 5 shaft, downstream face
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Conclusions and Recommendations
Because Span 4 and Pier 4 were previously removed and the bridge is therefore out of service, the
following concusions and recommendations are given in the context of (a) maintaining the stability
of the existing piers and spans and (b) potentially reconstructing the bridge for future service. The
discussion regarding the potential for future service focuses on each pier individually. This
assumes that some combination of the existing piers and future construction will make the bridge
serviceable again. The piers are listed in order of decreasing severity.
Pier 2

As stated previously, Pier 2 is in a failed condition due to scour, or undermining, of the foundation
concrete and supporting piles. The extent of settlement and rotation is such that corrective action
is not feasible. Although it remains standing, the stability of the pier is questionable. A flood or
high flow event could further scour the river bed material under the pier leading to a collapse of
the pier, Span 2, and Span 3. Should this happen, the area of the material blocking the river flow
could hasten scouring action at Piers 1 and 3. Pier 1 in particular is already undermined and would
be sensitive to additional scouring.
For these reasons Westbrook recommends removing Pier 2 along with Spans 2 and 3. This action
should be considered urgent and it is recommended the removal take place before potential spring
flooding. Stabilizing Pier 2 could be an alternate option to consider, however it is not
recommended. Placing heavy riprap or construction of a sheet pile cell around the pier could
provide stability, but each has drawbacks. There is evidence that Pier 2 was previously protected
by riprap, so replacing it would be a temporary measure at best. Constructing a sheet pile cell
around the pier would further restrict river flow exacerbating scour issues.
Pier 1

Although the condition of Pier 1 is serious, it is stable. However, it is at risk of futher scouring
and requires corrective action. Westbrook recommends placing heavy riprap up along the west
and downstream faces. Depth of placement should be 9 ft deep near the nose and taper down to 3
ft at the tail. Note that even with corrective action, the current will continue to strike the pier at a
high angle of attack creating a turbulent flow. The streambed condition should be monitored on
at least a 5-year inspection cycle to check for scour. With these measures, stability could be
maintained. While stability may be maintained for the current dead loads, it is questionable
whether the pier can be made suitable for future service live loads.
Above the waterline, the shaft is fair condition—concrete surface repair may be required at a future
date. With steps taken to maintain stability, the pier can be made serviceable.
Pier 3

The condition of Pier 3 is poor due to the condition of timber piles along its eastern face, but the
pier is stable. No action is necessary to maintain stability at this time. To make the bridge
serviceable, Westbrook recommends reconstructing the southeast corner of the pier where the
diver found two broken timber piles, and placing a layer of riprap 2–4 ft thick around the perimeter
to enhance scour protection. Consider this the minimum action necessary. Depending on the
intended load, a reconstruction of the easternmost row of piles may be warranted. In addition, the
condition of the streambed and timbers should continue to be monitored.
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Note that a bridge arrangement without Pier 2 and Pier 4 will make the spans supported by Pier 3
significantly longer. This will result in additional dead and live load reactions greater then the
original pier design loads. It is unlikely the pier can be made suitable for these loads.
Pier 5

The condition of Pier 5 is poor due to the condition of the concrete shaft, but the pier is stable. No
action is necessary to maintain stability. To make the pier serviceable, concrete surface repair or
an encasement of the existing shaft is recommended. Either action must include removing loose
and delaminated concrete down to sound concrete and anchoring in new reinforcement.
Lastly, Westbrook recommends a hydraulic study that accounts for current stream alignment and
pier size, location, and orientation be performed. With the exeption of the recommended removal
of Pier 2, this study should be undertaken prior to any maintenance or repair. The results of the
study may influence these recommendations and subsequent course of action. A hydraulic study
will enhance the reliability and economy of future decision-making.
These inspection findings and subsequent recommendations are based solely on that which is
observable by surface and underwater inspection methods. Concealed discrepancies and/or defects
necessarily limit the accuracy and scope of this report. Additionally, these recommendations are
based on the condition of the piers and general knowledge of the bridge design and layout. They
do not consider the condition of the remaining spans or the abutments which may factor into
rehabilitation or replacement decisions. Westbrook reserves the right to supplement or amend
these findings and/or opinions should new information become available.
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Exhibit A
Site location and layout
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Site location
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Aerial View

track west

Bridge B-428W

Bridge B-428E
(not inspected)

track east
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Site Layout Prior to Span 4 and Pier 4 Removal
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Exhibit B
Site photos
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Photo 1: upstream elevation—view from east side

Photo 2: downstream elevation—piers 1, 2, & 3

20

Photo 3: Pier 2 facing upstream

Photo 4: from track facing west

21

Photo 5: from track facing west

Photo 6: from track facing east
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Photo 7: Pier 1, east face

Photo 8: Pier 1, downstream face
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Photo 9: Pier 2, east face

Photo 10: Pier 2, downstream face
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Photo 11: Pier 2, west face

Photo 12: Pier 2, eddy formed west side of nose
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Photo 13: Pier 3, west face

Photo 14: Pier 3, downstream face
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Photo 15: Pier 3, east face

Photo 16: Pier 3, upstream nose

27

Photo 17: Pier 5, upstream face

Photo 18: Pier 5, downstream face
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Exhibit C
Dive Log
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Underwater Bridge Inspection Dive Log
WSOR Bridge B-428W, MP 7.82 Sauk Subdivision
Sauk City, WI

Structure I.D.: Bridge B-428W Piers
Inspection Date: 11/1/2016
Weather Condition: Sunny, 70ºF
Waterline Elevation: unknown—reference 16.7 ft from top of Pier 1 concrete
Safety Concerns: Strong current. Malfunction of surface supplied air equip. Underwater obstacles.
Water Temp.: 55ºF
Total Days on Site: 2
Current: 2-8 ft/second
Visibility: 1-2 ft
Total Inspection Time (Hrs): 10
Elevation Marker Description: Water line
General Site Condition
Scour at Site
Embankment Erosion/Conditions
Dive Platform: Shore, Boat, Other
Location of Boat Access
Substructure Unit(s)
Level of Inspection
Construction Type
Maximum Water Depth, at Unit (ft)
Channel Bottom Material, at Unit
Scour at Unit
Marine Growth (Y/N)
Cleaning Performed? (Y/N)
Debris (Y/N)
Clearing Performed? (Y/N)
Mode: Wade, Scuba, Surface
Supplied Air:

Yes
Erosion to east bank upstream of bridge
Boat
Carolina St. boat ramp upstream of bridge, west bank
Pier 1
Visual/ Tactile
Timber piles
and concrete
18
Sand/Gravel/
Riprap
Yes
N
N
N
N
Surface
Supplied Air

Pier 5
Visual/ Tactile
Concrete filled
sheet pile cell
13
Sand/Riprap
No
Y
N
N
N
Surface
Supplied Air
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Inspection Date: 11/2/2016
Weather Condition: Partly cloudy, 65ºF
Substructure Unit(s)
Level of Inspection
Construction Type
Maximum Water Depth, at Unit (ft)
Channel Bottom Material, at Unit
Scour at Unit
Marine Growth (Y/N)
Cleaning Performed? (Y/N)
Debris (Y/N)
Clearing Performed? (Y/N)
Mode: Wade, Scuba, Surface
Supplied Air:

Pier 2
Visual/ Tactile
Timber piles
and concrete
25
Sand/Gravel/
Riprap
Yes
N
N
N
N
Surface
Supplied Air

Pier 3
Visual/ Tactile
Timber piles
14
Riprap
No
N
N
N
N
Surface
Supplied Air
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Exhibit D
Condition Rating System
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NBI Rating System from WisDOT Bridge Inspection Field Manual
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SUPPLEMENTAL GUIDELINES: SUBSTRUCTURE
CONDITION RATING
The following guidelines have been developed as a training guide for the condition rating of
substructures. They are intended as a supplement to the FHWA Coding Guide to make it easier
to assign the most appropriate condition rating to the substructure.
Code
9
8

7

6

5

4

3

2

1
0

Description
EXELLENT CONDITION – No noticeable or noteworthy deficiencies, which affect the
condition of the substructure. Insignificant scrape marks caused by drift or collision.
VERY GOOD CONDITION – Shrinkage cracks or light scaling, or insignificant spalling
which does not expose reinforcing stool. Insignificant damage caused by drift or
collision with no misalignment and not requiring corrective action.
GOOD CONDITION – Minor cracking with possible leaching, or spalls on concrete or
masonry unit with no detrimental effect on bearing area. Leakage of expansion devices
has initiated minor cracking. Some rusting of steel without measurable section loss.
Insignificant decay, cracking, or splitting of timber. Minor scouring may have occurred.
SATISFACTORY CONDITION – Minor deterioration or disintegration, spalls, cracking,
and leaching on concrete or masonry units with little or no loss of bearing area.
Corrosion of steel section, but no measurable section loss. Some initial decay,
cracking, or splitting of timber. Fire damage limited to surface scorching of timber with
no measurable section loss. Shallow, local scouring may have occurred near
foundation.
FAIR CONDITION – Concrete or masonry units may exhibit some section loss with
exposed reinforcing steel possible. Measurable but minor section loss in steel
members. Moderate decay, cracking, or splitting of timber; a few secondary members
may need replacement. Fire damage limited to surface charring of timber with minor,
measurable section loss. Some exposure of timber piles as a result of erosion,
reducing the penetration. Scour may be progressive and/or is becoming more
prominent with a possibility of exposing top of footing, but no misalignment or
settlement noted.
POOR CONDITION – Structural cracks and advanced deterioration in concrete and
masonry units. Extensive section loss in steel members. Substantial decay, cracking,
splitting, or crushing of primary timber members, requiring some replacement. Fire
damage with significant section loss of timber, which may reduce the load carrying
capacity of the member. Extensive exposure of timber piles as a result of erosion,
reducing the penetration and affecting the stability of the unit. Additional cross bracing
or backfilling is required. Extensive scouring or undermining of footing affecting the
stability of the unit and requiring corrective action.
SERIOUS CONDTION – Severe disintegration of concrete. Generally, reinforcing steel
exposed with advanced stages of corrosion. Severe section loss in critical stress areas.
Major fire damage to timber, which will substantially reduce the load carrying capacity of
the member. Bearing areas seriously deteriorated with considerable loss of bearing.
Severe scouring or undermining of footings affecting the stability of the unit. Settlement
of the substructure may have occurred. Shoring considered necessary (not just
precautionary) to maintain the safety and alignment of the structure.
CRITICAL CONDITION – Concrete cap is soft and spalling with reinforcing steel
exposed with no bond to the concrete. Top of concrete cap is split or concrete column
has undergone shear failure. Structural steel members have critical section loss with
holes in the web and/or knife-edged flanges typical. Primary timber members crushed
or split and ineffective. Scour is sufficient that substructure is near state of collapse.
Pier has settled.
“IMMINENT’ FAILURE CONDITION – Bridge closed. Corrective action may put back in
light service.
FAILED CONDITION – Bridge closed. Replacement necessary.
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Exhibit E
Water Depths
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Exhibit F
Pier Sketches
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